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ABSTRACTS / RÉSUMÉS 
 
 
THE CENOMANIAN CARBONATE PLATFORM OF 
CENTRAL LEBANON:  CHEMICAL AND PETROGRAPHIC 
TRAITS AND IMPLICATIONS FOR DEPOSITIONAL 
ENVIRONMENTS  

ABDEL-RAHMAN, A.M. and NADER, F.H., Department of 
Geology, American University of Beirut, Beirut, Lebanon, 
arahman@aub.edu.lb 

The Cenomanian carbonates of central Lebanon represent an important 
segment of the broader Eastern Mediterranean platform.  Detailed field, 
chemical and microfacies investigations show that these carbonates 
consist of a number of distinct strata.  Geochemically, the micritic 
limestones are relatively depleted in most major and trace elements (as 
Si, Al, Mg, K, P, Ti, Rb and Sr).  In sharp contrast, the marly limestone 
samples exhibit the highest concentrations of most of these elements.  
The silicified micrites have a wide range of Si and Sr contents, but their 
elemental abundances for most elements are intermediate between 
those of the micritic limestones and the marly limestones.  The chalky 
limestones (foraminifera-wackestones) have relatively low Si and Al, 
but are relatively enriched in phosphorous.  The dolomitic limestones 
have the lowest Rb and Sr concentrations.  The normalized REE 
patterns of representative samples of most of these rocks are parallel to 
sub-parallel, nearly flat, and show no fractionation. 
The laminated micritic limestone rocks are typically associated with 
chert nodules and bands; these rocks are interpreted to have been 
deposited in deeper marine environments.  The bioclastic limestones 
have abundant skeletal fragments, suggesting deposition in relatively 
shallow marine settings.  This is further supported by the presence of 
local dolomite paleo-channels within the bioclastic limestones, 
interpreted to have been supratidal in origin.  Based on facies analysis 
and petrographic and chemical traits, we have constructed a carbonate 
platform ramp model for this succession; this ramp was influenced by 
sea-level fluctuations and tectonic activities.  The proposed model has a 
wider implication for the Cretaecous geodynamic evolution of the 
eastern Mediterranean region, and is consistent with some other 
tectonically active margins worldwide. 
 
PETROGENESIS OF MAFIC-ULTRAMAFIC LAVAS FROM 
THE EUPHRATES VOLCANIC FIELD, NORTHEASTERN 
SYRIA  

ABDEL-RAHMAN, A.M., Department of Geology, American 
University of Beirut, Beirut, Lebanon, arahman@aub.edu.lb, and 
LEASE, N, Ministere de l'Agriculture, des Pecheries et de 
l'Alimentation, 200 chemin Sainte-Foy, QC, G1R 4X6, Canada 

The Euphrates volcanic field of northeastern Syria includes large 
discontinuous exposures of nephelinitic and basaltic lava flows 
covering an area of about 1,900 km2.  It is bounded by the Bitlis 
collision suture, the left-lateral East Anatolian fault and the Dead Sea - 
Ghab transform fault system.  The lavas are made up largely of phyric 
varieties consisting of olivine (Fo82-85), clinopyroxene (salite and titan-
augite), labradoritic plagioclase and opaque phases (ilmenite and 
titaniferous magnetite).  Chemical data show that the rocks are largely 
ultrabasic, with values of SiO2 ranging from 38.2 to 45.5 wt% and 
MgO from 8.7 to 13.0 wt%, and are relatively enriched in TiO2 (2.5-3.5 
wt%).  Mg-numbers range from 0.61 to 0.68, with an average of 0.65.  
The lavas are enriched in incompatible trace elements such as Zr (133-
276 ppm), Nb (25-71 ppm) and Y (17-28 ppm).  The REE patterns are 
parallel to subparallel and LREE are enriched over HREE.  The 
143Nd/144Nd isotopic compositions range from 0.512868 to 0.512940, 
and 87Sr/86Sr, from 0.70309 to 0.70352.  Such compositions are typical 
of those of HIMU-OIB, with a HIMU-like mantle source.  Modelling 
indicates that the magma was produced by a small degree of partial 
melting (F=1.5%) of a primitive, garnet-lherzolite mantle source.  
Judging from elemental ratios such as La/Ta (14), La/Nb (0.84), Nb/Y 
(1.9), and Th/Nb (0.08), and the very low SiO2 values, the magma was 
subjected to minimal crustal contamination.  Shear heating at the base 
of the lithospheric mantle of the northern boundary of the Arabian 

Plate, caused by change in plate motion during the Plio-Quaternary, 
and by its collision with Eurasia along the Bitlis suture, provided the 
heat necessary for partial fusion and magma generation. 
 
MIXED-LAYER ILLITE/SMECTITE DIAGENESIS 
COMPARED TO VITRINITE REFLECTANCE AND 
HYDROCARBON OCCURRENCE IN THE JEANNE D'ARC 
BASIN, GRAND BANKS OFFSHORE NEWFOUNDLAND, 
CANADA  

ABID, I.A., AGAT Laboratories, Calgary, AB, T2E 6T5, 
abid@agatlabs.com, HESSE, R., McGill University, Montreal, 
QC, H3A 2A7, and HARPER, J.D, Memorial University, St. 
John's, NF, A1B 3X5 

The evolution of illite/smectite mixed-layer clays during burial 
diagenesis has been compared to the thermal maturation of organic 
matter in the Jeanne d'Arc Basin on the Grand Banks offshore 
Newfoundland, the host of the largest commercial hydrocarbon 
accumulations on Canada’s east coast.  The fine fraction (<0.1:m) of 
argillaceous rocks from 22 deep exploration wells consists mainly of 
mixed-layer I/S with minor amounts of kaolinite, illite, and chlorite.  
The proportion of illite in I/S mixed-layers as well as the degree of 
ordering increase with depth and temperature.  At present, smectite-rich 
I/S clays occur only in shallow samples irrespective of geologic age.  
The transition from random to R1-ordered I/S occurs between 
subsurface depths of 1940 to 3720 m and crosses major stratigraphic 
boundaries.  R3-ordered I/S generally appears only below 4000 m.  The 
I/S data indicate that smectite-rich I/S clays have been progressively 
illitized in both rift and post-rift sediments of the Jeanne d'Arc Basin 
during burial diagenesis. 
A basin-wide maturation study based on vitrinite reflectance (13 of the 
22 wells studied for I/S mineralogy) shows a general correlation with 
I/S diagenesis.  The majority of the I/S clays in samples with vitrinite 
reflectance Ro<0.5% is highly expandable and randomly interstratified.  
For Ro>0.66% the mixed-layer I/S clays are illite-rich (>65%I) and 
ordered.  The random to R1-ordered I/S transition occurs near the low-
grade boundary of the oil window of organic maturity (0.50-0.66%Ro).  
The Trans-Basinal Fault area, one of the major transfer zones of the rift 
basin, and the western flank of the Outer Ridge Complex are 
characterized by the lowest Ro values for the transition indicating that 
upward flow of deep K+-bearing fluids along faults may have advanced 
I/S diagenesis.  In this case, the percentage of illite in mixed-layer I/S 
cannot be used as a geothermometer.  The concentration of all major oil 
discoveries in these parts of the basin suggests that the upward 
migration of hydrocarbons may have followed the same pathways as 
the illitizing fluids. 
 
PETROLOGIC AND GEOCHEMICAL ATTRIBUTES OF 
DOLOMITE RECRYSTALLIZATION:  AN EXAMPLE FROM 
THE MISSISSIPPIAN PEKISKO FORMATION, WEST-
CENTRAL ALBERTA  

ADAM, J., jadam7@cogeco.ca, and AL-AASM, I.S., Dept. of 
Earth Sciences, University of Windsor, Windsor, ON, N9B 3P4 

Carbonate rocks of the Pekisko Formation make up an important 
reservoir in west-central Alberta, especially in fields along the Pekisko 
subcrop edge.  They represent a transgressive-regressive carbonate 
platform sequence comprised of upward shallowing facies, which 
subsequently underwent extreme erosion leading to the development of 
karst topography.  As a result diagenetic alteration mainly through 
dolomitization has affected most of the carbonate facies. 
There are four types of dolomite identified in the Pekisko Formation 
based on petrographic and geochemical analyses: (1) Pervasive, fine to 
coarse crystalline, subhedral to anhedral replacive dolomite, (2) Void-
filling, coarse crystalline, euhedral dolomite cement, (3) Selective, fine 
to coarse crystalline, euhedral to anhedral dolomite and (4) Dissolution 
seam associated, fine crystalline, euhedral dolomite.  Dolomite types 
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(1), (3) and (4) are interpreted to have formed early in the diagenetic 
history and subsequently recrystallized whereas void-filling dolomite 
formed later.  Petrographic evidence for possible recrystallization of 
dolomite types, excluding void-filling dolomite, includes: etching, 
displayed mainly on euhedral crystals; dedolomitization, dissolved 
cores on many crystals of varying shapes; non-planar crystal 
boundaries, exclusively in pervasive dolomites; and coarsening crystal 
size, evident in both pervasive and selective dolomite types. 
Preliminary strontium and stable oxygen and carbon isotope results 
show a deviation from the original postulated Mississippian dolomite 
isotopic signatures with depleted oxygen values (means; *13C=2.97‰, 
*18O=-3.85‰).  There is a definite negative trend whereby wells 
closest to the subcrop edge have the most depleted values and those 
farthest away show the least depletion.  This trend in *18O isotope 
values may point to recrystallization of the earlier dolomites. 
 
DOLOMITIZATION AND DEDOLOMITIZATION OF THE 
LOWER TURONIAN GATTAR CARBONATES, SOUTHERN 
TUNISIA:  PALEOGEOGRAPHIC, GEOCHEMICAL AND 
SEQUENCE STRATIGRAPHY CONTROLS 

AL-AASM, I., University of Windsor, Windsor, ON, N9B 3P4, 
alaasm@uwindsor.ca, and ABDALLAH, H, National Institute of 
Scientific and Technical Research, BP 95, TN-2050, Hammam-
Lif, Tunisia 

The formation of the Lower Turonian Gattar carbonate platform 
represents a marked event during the Upper Cretaceous in North 
Africa.  In central and southern Tunisia these carbonates are potential 
source and reservoir rock.  Field observations, petrography, stable 
isotopes, geochemical analyses and sequence stratigraphy show that the 
diagenetic history of the Gattar carbonates comprises two main, 
separate, successive phases of pervasive dolomitization, and one phase 
of kartstification and a minor phase of dedolomitization.  The first 
dolomitization event involved eogenetic, pervasive replacement of the 
entire upper Gattar limestones during the upper part of Lower 
Turonian.  This replacive dolomite is finely crystalline and shows no 
zoning.  Oxygen isotopic data (-1.29 to -3.89 ‰VPDB) suggests that 
this replacement involved mostly normal marine water.  However, 
carbon isotopic values (+3.53 to +7.53 ‰ VPDB) signify the role of 
organic matter in the basin as well as buffering of the precursor 
carbonates.  The Beïda Anhydrites overlie the Gattar dolostones at 
Jabal Ben Younès but are absent in other areas, suggesting that the 
brines migrated towards the adjacent basins (Chott, Gafsa-Metlaoui, 
Sidi Mansour, Zammour) and that the Mg+2 required for dolomitization 
was derived from a tidal flat environment.  The second phase of 
dolomitization in the lower Gattar began within the emersion at the top 
of the Gattar (top-most Lower Turonian), and continued at burial. 
Diagenetic features, including selective dissolution of lamellibranches 
and gastropod shells, coarse crystalline, zoned dolomites with isotopic 
data (-1.88 to -6.29 ‰) that may imply a mixed water model for 
dolomitization, strongly suggesting an incursion of meteoric waters in 
the system at shallow burial.  However, carbon isotopic values (-1.34 to 
+6.31 ‰), indicate that dolomitization fluids were C-buffered by the 
precursor carbonates as well as organically-derived.  Mg+2 could have 
been derived from dissolution of skeletal components and from marine 
pore-water.  Karstification/dedolomitization occurred at the burial stage 
and mostly affected the lower Gattar carbonates.  Freshwater migrated 
through vertical fault, which affected the Gattar dolostones and also the 
more recent deposit such as the Campanian-Maastrichtian Berda 
Formation limestones.  These fractures are partly filled by the Middle-
Upper Miocene fluvial Beglia Formation sandstones.  This evidence 
would suggest that the infiltration of the freshwater occurred around the 
Miocene, hence the karstification/dedolomitization process. 
 
CONTROLS ON SUB-SALT DETACHMENTS:  INSIGHTS 
FROM STABILITY ANALYSIS AND NUMERICAL 
MODELING OF GRAVITY-DRIVEN SALT TECTONICS AT 
PASSIVE CONTINENTAL MARGINS  

ALBERTZ, M.1, markus.albertz@dal.ca, INGS, S.J.2, and 
BEAUMONT, C.1,  1 Department of Oceanography, Dalhousie 

University, Halifax, NS, B3H 4J1,  2 Department of Earth 
Sciences, Dalhousie University, Halifax, NS, B3H 4J1 

Recent advances in seismic imaging technology and discoveries of 
hydrocarbons beneath salt have stimulated considerable interest in 
better understanding sub-salt structures and processes leading to their 
formation.  The issues of whether basement topography inherited from 
earlier rifting stages can influence structures developing above salt 
layers and to what extent supra-salt structures reveal information about 
sub-salt structures remain poorly understood.  Analog experiments 
suggest that even very simple sub-salt structures may dramatically 
affect the evolution of supra-salt processes and associated structures.  
One critical question is whether weak, high pore- fluid pressure, sub-
salt sediments may act as a detachment surface.  Therefore, it is of 
fundamental importance to investigate as a first step the circumstances 
resulting in complete decoupling between salt and basement. 
We address failure and the subsequent development of detachments 
between salt and underlying sediments using a two-fold approach: (1) 
stability analysis of frictional-plastic sediments overlying viscous salt 
in which the whole system is underlain by overpressured frictional-
plastic sediments that act as a potential detachment surface, and; (2) 
numerical modeling to test the analytical stability theory.  Previous 2D 
stability analysis, for the case without the sub-salt detachment, 
indicates that laterally varying thickness and hence differential load of 
the overburden causes a pressure gradient and either Poiseuille flow or 
both Poiseuille and Couette flow in salt.  The addition of a shear 
horizon paralleling the base of the salt results in two components to the 
velocity of the overburden sediments: the effect of salt flow relative to 
the sub-salt detachment and the flow of the overburden with respect to 
the salt.  In addition, we include the effects of water loading and pore-
fluid pressures.  2D plane strain finite element modeling is conducted 
to examine finite deformation associated with the above configuration.  
We begin our investigation with a simple end member model that 
explores the dependency of failure on pore fluid pressure alone.  We 
then examine three increasingly complex cases: (1) transition to 
unstable flow with Couette flow in salt, (2) transition to unstable flow 
with a sub-salt detachment but lacking Couette flow, and (3) a 
combination of (1) and (2). 
The results indicate under which circumstances formation of a sub-salt 
detachment is preferred to unstable Couette flow in salt.  The results 
also have implications for passive margin shale tectonics, and 
combinations of salt and shale tectonics. 
 
HYDROTHERMAL PROCESSES IN THE BRECCIA-HOSTED 
MT. LEYSHON Au DEPOSIT, QUEENSLAND, AUSTRALIA  

ALLAN, M.M. and YARDLEY, B.W.D, School of Earth and 
Environment, University of Leeds, Leeds, United Kingdom, LS2 
9JT, mmallan@earth.leeds.ac.uk 

Intrusion-related Au deposits often occur in brecciated country rocks, 
where steep gradients in pressure, temperature, and fluid chemistry 
provide an effective environment for ore mineral precipitation.  In this 
study, we present microtextural, isotopic, and laser ablation ICP-MS 
(LA-ICP-MS) fluid inclusion data from the breccia-hosted Mt. Leyshon 
Au Deposit (392-381 Ma).  Based on these results we interpret the 
controls on ore formation in a shallow hydrothermal system that 
implicates dilute fluids in ore metal transport.  Mineralization at Mt. 
Leyshon can be divided broadly into pre-ore, high temperature quartz-
molybdenite veins, and ore-stage quartz-K-feldspar-carbonate-sulphide 
± Au breccia cements.  Pre-ore fluids underwent phase separation into 
saline Na-K-Fe-Mn brines and CO2-rich vapour at ca. 600°C and 0.5 
kbar.  Microanalyses of brine and vapour inclusions by LA-ICP-MS 
suggest that metal partitioning into the vapour phase was not an 
important transport mechanism in this chloride-dominated system.  
Ore-stage fluids had low to moderate salinity (0 to 15 equivalent wt.% 
NaCl), and were trapped between 250 and 400°C, at pressures as low as 
0.15 kbar (ca. 1.5 km paleodepth at near-hydrostatic conditions).  
Cathodoluminescence (SEM-CL) imaging of ore-stage quartz cements 
supports an episodic history of fracturing, fluid flow, and 
mineralization in the breccia environment.  Ion microprobe analyses of 
single quartz crystals across discrete CL zones reveal *18O values 
ranging from 14‰ to 0‰ (vs. VSMOW).  These zones represent 
distinct episodes of fluid input from 18O-enriched magmatic and 18O-
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depleted meteoric sources.  The titration of meteoric fluids into the 
hydrothermal system confirms surface connectivity in this subvolcanic 
system and explains cooling-dilution trends observed by 
microthermometry.  The fluids attending ore deposition at Mt. Leyshon 
have Fe, Zn, Cu, and Pb concentrations that correlate strongly with 
modal proportions of sulphides in the bulk ore.  These results are in 
contrast to previous LA-ICP-MS studies of deeper-seated porphyry Cu-
Mo-Au deposits, where Zn and Pb are enriched in exsolved fluids 
relative to the bulk ore.  Despite analytical evidence that dilute fluids at 
Mt. Leyshon are magmatic-meteoric mixtures, the high concentrations 
of chalcophile elements determined by LA-ICP-MS suggest that they 
are pregnant ore-fluids.  Physical gradients at the magma-breccia 
interface were therefore the major controls on sulphide and Au 
precipitation, as opposed to fluid mixing. 
 
HOW TO ANSWER THE QUESTION  “WHAT OROGEN WAS 
THE SOURCE OF THIS SEDIMENT?”  THREE EXAMPLES 
OF THE APPLICATION OF SINGLE ZIRCON U/Pb AND 
He/(U-Th) DATING, SO-CALLED “ZIRCON DOUBLE 
DATING”  

ALLEN, C.M., RSES, Australian National University, Canberra, 
ACT 0200 (charlotte.allen@anu.edu.au), CAMPBELL, I.H., 
RSES, Australian National University, Canberra, ACT 0200, and 
REINERS, P.W, Dept. of Geology and Geophysics, Yale 
University, New Haven, CT 06511 

Fluvial deposits, river sands and fans, are the product of differential 
erosion in a given drainage basin.  A sampled sediment is composed of 
first cycle sediments (that newly eroded from igneous rock) and 
multicycle sediments (unconsolidated sediments and metamorphic 
rocks).  A popular tracer for sediment provinance is U/Pb dating of 
zircons because zircon is common in crustal rocks, and is robust and 
unlike to be reset.  Moreover, a concordant age on an individual grain is 
precise.  With the advent of spot dating of zircon (first ion-probe and 
now LA-ICP-MS), the large numbers of analyses required to 
characterize the zircon age profile of a sediment is now feasible, 
particularly with the development of dating with LA-ICP-MS by which 
a zircon age is produced every 90 seconds.  The point of the following 
discussion is that the robust nature of the U-Pb system in zircon 
prevents it from being the ideal indicator of what sedimentologists and 
tectonicists want to know:  “What highland was the source of this 
sediment?” 
In three case studies we demonstrate that (U-Th)/He dating of zircon in 
tandem with U-Pb dating (“double-dating”) is the method of choice for 
determining what portion of a zircon population is first cycle.  It is only 
this component that effectively answers the question posed above.  First 
cycle volcanic rocks are easy to identify in that the two ages agree.  A 
maximum age difference of about 300 m.y. is possible for plutonic 
rocks in orogen cores that are eventually exposed in mountain range 
erosion.  All other cases are highland erosion products that are stored, 
then re-eroded. 
Conventional U/Pb dating can unambiguously identify only 2.5% of the 
Ganges River zircons, and 18% of the Indus River zircons as coming 
from the Himalayan Mountains or Tibetan Plateau, and only 23% of the 
Navajo Sandstone zircons as coming from the Appalachian Mountains.  
The correct figure, as determined from double-dating, is over 95% from 
the Himalayan Mountains or Tibet Plateau in the case of the Indus and 
Ganges rivers and at least 70% from the Appalachian Mountains in the 
case of the Navajo Sandstone.  Double-dating also shows that at least 
60% of the Indus, and 70% of the Ganges and Navajo sandstone 
zircons have been re-cycled from earlier sediments. 
 
LINKS BETWEEN VOLCANISM AND MASSIVE SULPHIDE 
DEPOSITS:  A GLOBAL PERSPECTIVE  

ALLEN, R.L., Lulea University of Technology, Division of Ore 
Geology and Applied Geophysics, 971 87 Lulea, Sweden, 
rodallen@algonet.se, TORNOS, F., Instituto Geológico y Minero 
de España. C/Azafranal 48 37002 Salamanca, Spain, PETER, 
J.M., Geological Survey of Canada, Mineral Resources Division, 
601 Booth Street, Ottawa, ON, Canada K1A 0E8, and 

ÇAGATAY, N., Istanbul Technical University, Department of 
Geological Engineering, Ayazaga 80626 Istanbul, Turkey 

The connection between volcanism and the formation of massive 
sulphide deposits is being studied as part of the "Global Volcanic-
hosted Massive Sulphide (VMS) Project", which is IGCP project 502.  
There has been debate for many years as to whether 
volcanism/magmatism is directly or only indirectly genetically related 
to VMS deposits.  There is still no definitive answer that can be 
universally applied to all VMS deposits.  Current thinking is that 
different types and settings of VMS deposit show different degrees of 
influence from volcanic or magmatic processes, with the most distinct 
genetic connection shown by some felsic-hosted deposits.  Influences 
of volcanism on formation of VMS deposits include: 
(1)  Basin-wide volcano-tectonic event(s) cause deposition of VMS 

on specific time-stratigraphic horizons (Hokuroku, Skellefte, 
Iberian Pyrite Belt (IPB), Bathurst).  However, the relationship 
between these events and VMS is poorly understood. 

(2)  With the exception of mid-ocean ridge settings, major VMS 
deposits are mainly associated with felsic volcanic rocks 
(Bathurst, Green Tuff Belt, Skellefte), even where felsic rocks 
form a minor component of the region (Abitibi, Southern Urals). 

(3)  Most VMS deposits form in proximal volcanic settings 
(Hokuroku, Skellefte, Mt. Read Volcanics, E. Pontides). 

(4)  Most VMS deposits formed at a particular stage in the evolution 
of their host volcanoes, typically late in the magmatic-
hydrothermal cycle following a significant felsic eruptive event 
(most commonly dome emplacement, or pyroclastic eruption 
followed by dome emplacment, e.g. Kuroko, Skellefte).  The 
specific relationship in time and place implied by these last two 
points indicate that either the magmatic-hydrothermal cycle 
creates an important part of the ore solution, or controls when and 
where a metal-bearing geothermal solution can be focused and 
expelled to the sea floor, or both. 

(5)  VMS deposits occur preferentially at times and places where both 
felsic and mafic magmas were erupted (Bergslagen, Hokuroku, 
Silurian SE Australia, Skellefte).  In felsic-dominated regions, 
eruption of the mafic rocks commonly closely followed 
deposition of the ore-host felsic package.  The role of basalts in 
the formation of VMS in felsic settings is poorly understood. 

(6)  Volcanic host rocks influence the style, morphology and 
stratigraphic position of VMS.  Volcaniclastic and especially 
pumiceous strata promote deposition of VMS below the sea floor 
via replacement (Skellefte, Bergslagen), whereas substrates 
composed of coherent lava flows and intrusions promote 
deposition of VMS on the sea floor (Noranda). 

(7)  Volcanic rocks and/or magmas are probably the source of metals 
in most VMS deposits. 

 
MERCURY CONTAMINATION, METHYLATION, AND 
BIOACCUMULATION ASSOCIATED WITH HISTORICAL 
GOLD MINING, SIERRA NEVADA, CALIFORNIA  

ALPERS, C.N.1, cnalpers@usgs.gov, HUNERLACH, M.P.1, 
MARVIN-DIPASQUALE, M.2, MAY, J.T.1, HOTHEM, R.L.3, 
SAIKI, M.K.3, STEWART, A.R.2, KUWABARA, J.S.2, 
TAYLOR, H.E.4 and KRABBENHOFT, D.P.5,  1 U.S. Geological 
Survey (USGS), 6000 J Street, Placer Hall, Sacramento, CA 
95819;  2 USGS, 345 Middlefield Rd., Menlo Park, CA 94025;  3 

USGS, 6924 Tremont Rd., Dixon, CA 95620; 4 USGS, 3215 
Marine St., Boulder, CO 80303;  5 USGS, 8505 Research Way, 
Middleton, WI 53562 

Large-scale gold mining, which began in the Sierra Nevada during the 
1850s, resulted in the loss to the environment of several million kg of 
elemental mercury.  Extensive mercury (Hg) contamination and 
methylmercury (MeHg) bioaccumulation in invertebrates and fish has 
been documented, and several Hg and MeHg “hot spots” have been 
identified as targets for mine-site remediation.  Mercury is primarily 
transported by the episodic mobilization of fine-grained particles 
during high rainfall and runoff events.  The degree of subsequent 
methylation of inorganic Hg(II) varies depending on numerous 
environmental factors such as dissolved sulfate and iron (derived from 
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localized pyrite oxidation), pH, redox potential, dissolved oxygen, 
organic carbon, and microbial community composition and activity. 
Gold was mined in the Sierra Nevada from two main deposit types: (1) 
low-sulfide, gold-quartz vein deposits (primarily by underground 
mining) and (2) placer gold deposits (primarily by hydraulic mining 
and dredging).  Historical records indicate that placer mines were 
responsible for about 80% of the mercury losses.  At hydraulic mine 
sites, sluice and tunnel sediments typically contain visible, liquid Hg 
(up to 45,000 milligrams per kilogram) and gold-mercury amalgam.  
MeHg concentrations are locally elevated, yet the ratio of MeHg to 
total mercury [Hg(T)] in these settings tends to be low (<0.1%) for both 
water and sediment.  Pit lakes and wetlands have higher values of 
MeHg/Hg(T) in water and sediment.  Hg(T) concentrations in 
unfiltered water locally exceed 2,000 nanograms per liter, the U.S. 
drinking water standard, however municipal water supplies are not at 
risk. 
In rivers draining mined areas, there are positive correlations between 
discharge and concentrations of suspended sediment (SS) and 
unfiltered Hg(T).  The highest SS and Hg(T) concentrations relative to 
discharge occur during rising limbs of early-wet-season (autumn) 
storms.  In upper parts of watersheds (upstream of dams) 
concentrations of MeHg (unfiltered) are most elevated during autumn 
and winter storm events (November-March).  In lower parts of 
watersheds (downstream of dams), highest MeHg concentrations are 
associated with low-flow, warm summer conditions (June-September). 
Results will be presented of a detailed reservoir food-web study 
addressing spatial and temporal variations in Hg(T) and MeHg 
concentrations in water, sediment, zooplankton, midge larvae, mayfly 
nymphs, crayfish, threadfin shad, bluegill, and spotted bass.  Gut 
contents of fish and stable isotopes (C, N) have been used to interpret 
trophic relationships.  Reservoir sediments have been analyzed for 
diffusive Hg and MeHg fluxes, and Hg(II) methylation and 
demethylation potentials, which show strong seasonal variations. 
 
DETERMINATION OF SULFATE MINERAL PHASE 
EQUILIBRIA AS A FUNCTION OF RELATIVE HUMIDITY:  
INTERMEDIATE COMPOSITIONS IN THE (Mg,Fe,Zn)SO4-H2O 
SYSTEM AT 23°C  

ANDERSON, J.L. and PETERSON, R.C., Department of 
Geological Sciences and Geological Engineering, Queen's 
University, Kingston, ON, K7L 3N6, 
anderson@students.geol.queensu.ca 

Efflorescence of hydrated metal sulfate minerals result from the 
oxidation and hydration of metal sulfide minerals exposed during 
mining and subsequent disposal of mine waste.  The stability of each of 
these minerals is dependent on variables such as temperature, relative 
humidity, acidity and composition.  The focus of this study is 
equilibrium hydration-dehydration behaviour of minerals of the 
(Mg,Fe,Zn)SO4-xH2O system.  Previous studies have investigated the 
hydration-dehydration behaviour of the end-member monoclinic and 
orthorhombic heptahydrate minerals melanterite FeSO4•7H2O, 
epsomite MgSO4•7H2O and goslarite ZnSO4•7H2O (Chou 2002, 2001).  
This study explores the effects of metal substitutions on the hydration-
dehydration behaviour of intermediate compositions within the 
(Mg,Fe,Zn)SO4-xH2O system. 
Several compositions of orthorhombic epsomite group minerals, 
MSO4•7H2O (M = Mg, Zn) and monoclinic melanterite group minerals, 
MSO4•7H2O (M = Fe) were studied.  Specific compositions in the 
series were chosen to represent the suite of compositions observed in 
sulfate materials collected from the drifts and stopes underground at the 
Brunswick Mine, Bathurst NB, August 2004.  The starting materials for 
the hydration-dehydration study were synthesized from solution.  
Ground samples were placed in a series of glove boxes of known 
relative humidity.  Each glove-box contained a different saturated salt 
solution known to generate a specific relative humidity at 23°C.  These 
humidities ranged from 40 to 75 % relative humidity.  Specimens were 
allowed to equilibrate over a period of months and were sub-sampled 
periodically for phase identification by X-ray diffraction. 

The behaviour of minerals of intermediate composition, under different 
humidity conditions, is compared to the phase equilibria previously 
described for melanterite, epsomite and goslarite. 
 
LEAD ISOTOPES AS A TOOL FOR EXAMINING 
PALAEOPLUMBING IN UNCONFORMITY-TYPE URANIUM 
MINERALIZATION SYSTEMS:  WHAT ARE THEY TELLING 
US AT MOORE LAKES?  

ANNESLEY, I.R, MCCREADY, A.J, HOLSTEN, A, 
Saskatchewan Research Council, 15 Innovation Blvd., Saskatoon, 
SK, S7N 2X8, annesley@src.sk.ca, KUSMIRSKI, R., BILLARD, 
D., JNR Resources, P.O. Box 26061, Saskatoon, SK, S7K 7H9, 
and HOCHSTEIN, R, International Uranium Corporation, 885 
West Georgia Street, Vancouver, BC, V6C 3E8 

Here we use Pb isotope systematics to investigate the palaeoplumbing 
of a uranium mineralization system, and its possible applicability as an 
exploration tool.  In this test case, we have used both sandstones and 
basement rocks of the Moore Lakes property, in the eastern part of the 
Athabasca Basin, Canada. 
All samples, both basement- and sandstone-derived, have 206Pb/204Pb 
ratios that are higher than modern common lead, ca. 60% of the 
samples can be classified as anomalous and ca. 6% of the samples as 
extremely anomalous.  The Athabasca sandstones have generally lower 
ratios than those of the basement rocks.  There is no overall trend 
within the sandstones, such as a gradual increase with proximity to the 
unconformity, nor can the ratios be readily correlated to individual 
members of the Athabasca Formation. 
There is no apparent relationship between lithology and 206Pb/204Pb 
ratios, for example pelitic rocks exhibit a wide variety of 206Pb/204Pb 
ratios, from background values to extremely anomalous values.  In 
contrast, the igneous basement rocks, especially the radioelement-rich 
granitic pegmatites, are often anomalous with respect to 206Pb/204Pb 
values.  This is probably due to the decay of 238U from primary U-rich 
minerals, rather than due to the hydrothermal fluid flow. 
Rather than lithology, the highly anomalous 206Pb/204Pb ratios within 
the basement can be correlated to structural features that penetrate the 
unconformity, either in the form of fractures, breccias or clay-graphite-
rich gouges.  High 206Pb/204Pb values within the sandstone are also 
attributed to fracture-controlled fluid flow. 
The 206Pb/204Pb ratio shows a mixed picture with respect to major and 
trace elements geochemistry, including U and Pb.  For example in 
drillhole ML-25, the extremely high 206Pb/204Pb anomaly at a depth of 
286-287 m corresponds to anomalous levels U and Pb, as well as other 
metals including Cu, Ni, Co, Zn and As, but not B.  The anomalous 
206Pb/204Pb values at ca. 280 m does not correspond to anomalous levels 
of these metals, including uranium.  The anomaly at 280 m corresponds 
to the unconformity and its associated clay cap, and is interpreted to be 
related to secondary dispersion and fluid flow.  In contrast, the deeper 
anomaly corresponds to the primary polymetallic mineralization. 
The unconformity, including its clay cap, has anomalous 206Pb/204Pb 
values proximal to mineralization, however, distal to mineralization, 
these values are lower.  This suggests that close to mineralization the 
fault-breached unconformity acted as a major fluid pathway, but not on 
a regional scale. 
 
CORRELATION CHART FOR THE PALEOPROTEROZOIC 
OF CANADA  

ANSDELL, K.M., Department of Geological Sciences, 
University of Saskatchewan, 114 Science Place, Saskatoon, SK, 
S7N 5E2, kevin.ansdell@usask.ca, and WARDLE, R.J., 
Geological Survey of Newfoundland and Labrador, Department 
of Mines and Energy, 50 Elizabeth Avenue, St. John's, NL, A1B 
4J6 

Paleoproterozoic orogenic belts are significant components of the 
North American continent as they represent the welds between the 
Archean cratons.  During the development of these Paleoproterozoic 
orogenic belts, the Archean cratons were variably affected by magmatic 
events, deformation and metamorphism, and overlain by sedimentary 
rocks.  Recently, as a result of multidisciplinary multi-institutional 
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projects within Canada, highlighted by Lithoprobe, there have been 
important advances in our knowledge of the timing and tectonic setting 
of geological events that have affected the Canadian Shield.  To fully 
appreciate the significance and scale of geological activity during the 
Paleoproterozoic, and to develop a better view of the Paleoproterozoic 
world requires the ability to correlate the position and tectonic setting 
of geological events.  Correlation charts that summarize the 
voluminous geochronological data set in Canada with interpretation of 
tectonic setting from geological, geochemical and isotopic data have 
recently been developed by the authors, with numerous collaborators, 
in association with Special Volumes in Canadian Journal of Earth 
Sciences dedicated to the ECSOOT and THO Lithoprobe transects.  
The objective of this presentation will be to extend these correlation 
charts for the Paleoproterozoic of Canada by including the 
Paleoproterozoic tectonic elements buried beneath the Western Canada 
Sedimentary Basin, the Taltson, Thelon and Wopmay orogens of the 
exposed northwestern Canadian Shield, terranes along the rifted margin 
of Laurentia, and Paleoproterozoic events within the Archean cratons. 
 
NANNOFOSSIL BIOSTRATIGRAPHY AS A TOOL FOR 
STRATIGRAPHIC PRECISION IN THE TERTIARY AND 
MESOZOIC OFFSHORE NOVA SCOTIA:  PRELIMINARY 
FINDINGS  

ARBOUR, V1, JONES, S.1, GARD, G.2, CRUX, J.2, SCOTT, D.1, 
YOUNGER, C.1 and WACH, G.1,  1 Department of Earth 
Sciences, Dalhousie University, Halifax, NS, B3H 3J5;  2 

Biostratigraphic Associates (Canada) Inc., 45 Grandview Court, 
Hammonds Plains, NS, B4B 1K4 

Nannofossil biostratigraphy is an important stratigraphic tool that, in 
the past, has been underutilized in the study of Atlantic Canada’s 
offshore sediments.  Calcareous nannofossil events are solidly 
correlated to the geologic time scale through magneto- and isotope- 
stratigraphy and are routinely used in the offshore petroleum industry 
worldwide. 
Drill cuttings were obtained from several wells drilled offshore Nova 
Scotia, including Shubenacadie H-100, Sauk A-57, and Arcadia J-16.  
Preliminary results from Shubenacadie H-100 show poor to moderate 
conditions for nannofossil preservation or deposition in the Pliocene or 
younger sections, with assemblages dominated by Reticulofenestra spp.  
This is attributed to the relatively near shore conditions and high clastic 
input during deposition.  More diverse assemblages and higher 
abundances of nannofossils are present in Miocene and older strata, 
indicating increasing oceanic influences.  The Oligocene is not 
represented, but Eocene and Paleocene restricted species such as 
Discoaster barbadiensis, Nannotetrina fulgens, Fasciculithus 
tympaniformis and Discoaster barbadiensis are observed.  The deeper 
sections of Shubenacadie H-100 show the presence of a thick late 
Maastrichtian interval through the presence of Nephrolithus frequens.  
An older incomplete late Cretaceous section is present above late 
Albian strata in which the well was terminated. 
The rich nannofossil floras in the Miocene and older intervals show that 
excellent and reliable stratigraphic subdivision can be achieved.  A 
complicating factor is caving and contamination from drilling mud of 
younger specimens into older strata. 
 
PHYTO-EXTRACTION OF PHOSPHATE ROCKS IN 
ORGANICALLY MANAGED SOILS IN ONTARIO  

ARCAND, M.A1, marcand@uoguelph.ca, LYNCH, D.H.2 and 
VAN STRAATEN, P.1,  1 University of Guelph, Guelph, ON, 
N1G 2W1;  2 Organic Agriculture Centre of Canada, PO Box 550, 
Truro, NS, B2N 5E3 

Buckwheat (Fagopyrum esculentum) was planted on fields that were 
applied with five phosphate rocks (PR) at three rates of phosphorus (P) 
(100, 400, and 800 kg P/ha) and a control (0 kg P/ha) to determine the 
ability of the crop to dissolve the PRs and uptake P on two certified 
organic and one conventional field.  The conventional field site also 
received treatments of soluble P fertilizers (MAP and TSP) at the same 
application rates as the PR treatments.  Initial levels of plant-available 
P (0.5 M NaHCO3 extractable P) were low on all field sites – less than 
10 ppm on the organic sites and less than 20 ppm on the conventional 

site.  The phosphate rocks were analyzed for their mineralogical and 
chemical characteristics using ICP, FTIR, XRD and XRF.  Calphos, a 
sedimentary PR, had the smallest unit-cell a-value indicating greater 
reactivity than Volcanaphos and Spanish River PRs.  Application of the 
PRs did not result in significantly different yields of buckwheat from 
the control, although there was a trend of increased yield in the Calphos 
treatment with increased rate of P application.  The aboveground 
buckwheat material was analyzed for percent phosphorus (dry ash), dry 
weight yield was determined and P uptake was calculated based on this 
data.  P uptake (kg P ha-1) of buckwheat in the aboveground plant tissue 
was significantly greater (p < 0.05) than the control at all application 
rates of Calphos PR for all three farm sites.  In addition, buckwheat 
uptake of P from Calphos was not significantly different than P uptake 
from the soluble fertilizers, MAP and TSP at the 100 kg P ha-1 rate.  
While Calphos was effective over the short term (seven weeks of 
buckwheat growth), further study is warranted to determine the long 
term effectiveness of all the PR sources.  The field study will be 
replicated this following summer.  The buckwheat residues were 
reapplied to half of each plot at the time of harvest to determine if the P 
from the buckwheat residue will supply P to a subsequent crop of 
timothy grass (phleum pratense) in addition to the residual PR applied 
in the previous year. 
 
LOW-TEMPERATURE THERMOCHRONOLOGY IN 
MINERAL DEPOSIT STUDIES  

ARNE, D.C., Western Australian School of Mines, Curtin 
University of Technology, Kalgoorlie, WA 6430, Australia 

A variety of low-temperature thermochronological methods have been 
applied to mineral deposit studies, including (U-Th)/He, fission-track 
and 40Ar/39Ar thermochronology.  Which of these methods is selected 
depends on the temperature at which the deposit is thought to have 
formed.  Inherent in the direct use of these methods to constrain the 
timing of mineralization is the assumption that the mineralizing process 
was thermally anomalous with respect to the surrounding host rock and 
that the deposit has not subsequently been heated to paleotemperatures 
sufficient to affect the isotopic system used.  Several applications of 
low-temperature thermochronology to mineral deposits indicates that 
this assumption is not always met and that the thermochronological 
data may reflect regional cooling rather than processes related to 
mineralization.  Such a conclusion in itself may place a lower limit on 
the timing of mineralizing processes, as well as providing important 
constraints on the thermal histories of mineral provinces, including 
differential exhumation across faults.  A review of thermochronological 
data from Mississippi Valley-type Pb-Zn and orogenic gold deposits 
suggests that thermochronological methods are best utilized in 
conjunction with other isotopic methods and paleomagnetic studies. 
 
EFFECTS OF RIPARIAN ECOSYSTEM MANAGEMENT 
PRACTICES ON SOIL AND WATER QUALITY  

ARSHAD, M.A., Agriculture and Agri-Food Canada, 751 
General Services Building, University of Alberta, Edmonton, AB, 
T6G 2H1 

Degradation of riparian areas by agricultural, forestry, urban and other 
human activities is widely recognized.  However, there is still 
considerable uncertainty about the relative importance of the different 
mechanisms that influence nutrient removal, storage and transport 
through riparian zones, particularly in the Prairie region.  The 
objectives of the study are (i) to quantify and develop an understanding 
of nutrient dynamics by examining management practices in riparian 
and upland areas, and (ii) to determine the relative effectiveness of 
three riparian zone management practices on the quality and quantity of 
water discharge to a stream. 
The research sites, located on a tributary of the North Saskatchewan 
River west of Edmonton International Airport, represent three different 
land-use/health conditions of the riparian area.  Preliminary work 
(measurements of soil properties, and hydrological and plant ecological 
parameters), initiated in spring of 2004, will be discussed. 
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PETROCHEMISTRY OF THE SIAH-KUH GRANITOID 
STOCK, SOUTHEAST OF KERMAN, IRAN:  IMPLICATIONS 
FOR INITIATION OF NEOTHETHYS SUBDUCTION  

ARVIN, M1, arvin@mail.uk.ac.ir, PAN, Y2 and DARGAHI, S.1,  
1 Dept. of Geology, Shahid Bahonar University of Kerman, 
76175-133, Kerman-Iran;  2 Dept. of Geological Sciences, 
University of Saskatchewan, Saskatoon, SK, S7N 5E2 

The upper Triassic Siah-Kuh granitoid stock is part of a plutonic belt 
that lies in the Phanerozoic Sanandaj-Sirjan metamorphic belt in the 
south-central Iran.  In a few places the granitoid stock intrudes the 
lower Paleozoic amphibolite of the Abshur metamorphic complex and 
upper Devonian-lower Carboniferous greenschist rocks of the Sargaz 
metamorphic complex.  The contact of the granitoid stock with the 
metamorphic rocks is marked by a thin zone of contact metamorphism.  
The Siah-Kuh granitoid stock consists mainly of coarse to medium 
grained leucocratic monzogranite, granodiorite and alkali granite with 
subordinate syenite.  Alkali granite and granophyre dikes along with 
monzonitic and few dioritic and doleritic dikes cut through the 
granitoid stock.  The Siah-Kuh granitoid rocks are characterized by 
enrichment in large ionic lithophile elements (LILE) such as Rb, Ba, K, 
Ce and depletion in high field strength elements (HFSE) such as Y, Nb 
and Zr.  The chondrite normalized REE patterns are characterized by 
LREE enrichments with [(La/Yb)n] between 1.31 to 4.82 and a general 
lack of pronounced Eu anomalies.  The LREE enrichment increases 
from granodiorite to alkali granite, and small negative Eu anomalies 
occur only in alkali granites with the highest [(La/Yb)n values.  The 
results of Sm-Nd isotope analysis of the Siah-Kuh granitoid stock 
define an approximate linear array, yielding an "isochron" age of 196 ± 
91 Ma (MSWD = 0.194) which is broadly consistent with the field 
relationships.  Geochemical data, trace element discriminant diagrams, 
common igneous microgranitoid enclaves, and ocean ridge granite 
normalized multi-element diagrams indicate that the Siah-Kuh 
granitoid stock has characterisitics of metaluminous to slightly 
peraluminous, calc-alkaline, I-type granite of a volcanic arc setting that 
formed in an active continental margin environment.  In this context, 
the onset of subduction of the Neotethys oceanic crust beneath the 
Central Iranian Microcontinent in Triassic time could have accounted 
for the continental arc volcanism, where felsic Andean-type arc 
volcanics and plutonics were formed.  Dehydration of the subducted 
oceanic crust and partial melting of the mantle wedge caused partial 
melting of subcontinental lithosphere resulted in the formation of 
considerably metasomatised and enriched mafic arc magmas with 
significant fluids.  Finally, hydrous calc-alkaline magmas that formed 
the Siah-Kuh granitoid stock were formed at the last stage by low-
pressure crystal fractionation of siliceous magmas. 
 
ARGHASH GOLD-BEARING QUARTZ AND STIBNITE VEINS, 
SABZEVAR OPHIOLITE BELT, NORTHEASTERN IRAN  

ASHRAFPOUR, E and ALIREZAEI, S, University of Shahid 
Beheshti, PO Box 15875-4731, Evin, Tehran, Iran, 1983963113, 
E-Ashrafpour@sbu.ac.ir 

Arghash gold district is located in Sabzevar ophiolite complex, 
northeastern Iran.  The complex represents a tectonic slice of Tethys 
emplaced in late Cretaceous-early Tertiary period. 
Arghash district is associated with volcanic-plutonic rocks that 
penetrated and surrounded the ophiolite belt in Eocene-Miocene times.  
Considering the geochemistry, the volcanic-plutonic rocks can be 
divided into andesitic, dacitic, and alkaline groups.  Andesitic and 
dacitic rocks are characterized by low contents of LILE and HFSE, and 
display features more typical of Pacific island arcs setting rather than 
Andean setting.  87Sr/86Sr ratios fall in the range 0.703–0.7055 further 
supporting the setting. 
The Arghash district includes five gold-bearing vein systems and one 
antimony-bearing deposit.  Pyrite is the main sulfide commonly 
associated with minor chalcopyrite.  Zinc and lead minerals are rare or 
absent.  The veins consist mostly of quartz, quartz-carbonates, and 
carbonates.  The main hostrocks are trachyandesite, andesite, rhyolite, 
dacite, and granite-diorite. 
The veins vary in lengths and widths from 400-1000 meters and 1-5 
meters, respectively.  Drilling has confirmed the continuity of ore to a 

depth of 50-125 meters.  Maximum assays obtained from many 
trenches and drill cores for gold, silver, arsenic, antimony, and mercury 
are 83, 220, 19600, 2730, and 6.2 g/t,respectively. 
The Sb deposit includes small scattered pockets of stibnite associated 
with quartz in a fracture zone 0.5-2 meters thick in altered granite.  
Gold grades vary between 0.5-1 g/t. 
Wall rocks are variably altered within 1-5 meters from veins.  Main 
alteration minerals are quartz, carbonates, sericite, chlorite, kaolinite, 
hematite, limonite.  Carbonates also occur in veins associated with 
quartz, as well as isolated veins. 
Sulfur isotope data are available for 10 pyrites from veins and altered 
rocks, as well as two stibnites.  *34SCDT values for pyrites vary from -
4.3 to +21.84 per mil.  Two stibnites are -14.35 and -18.84 per mil.  
Wide variation in sulfur isotope values may indicate variable sources 
and/or redox effects during evolution of fluids and/or ore deposition.  
Evaporite layers in the area are a potential source. 
C-O isotope data area available for five calcites from veins.  Except for 
one, the *13CPDB values are near 1 permil, typical of marine carbonates.  
Carbonate units and interlayers in the area are a suitable source.  
* O

B

18
PDB B values are around -16 per mil for three samples; one is -7.8 and 

one -1.1 per mil; the last one is odd in *13C too (+12 per mil).  Such 
carbon isotope signatures may be attributed to ultraheavy CO2 
generation accompanying methane formation, or oxidation of a reduced 
solution. 
 
SEDIMENTOLOGY AND DEFORMATION STYLES OF UPPER 
PLEISTOCENE DEPOSITS OF THE OAK RIDGES MORAINE, 
SOUTHWESTERN ONTARIO, CANADA  

ASPDEN, S.T., saspden@uoguelph.ca, and ARNAUD, E., 
University of Guelph, Guelph, ON, N1G 2W1 

The Oak Ridges Moraine (ORM) is the largest interlobate moraine in 
southern Ontario, extending approximately 160 km from the Niagara 
Escarpment east to Rice Lake, north of Toronto.  This prominent 
physiographic landform is a major recharge zone for southwestern 
Ontario, and a key source of aggregate for industry.  Detailed 
sedimentological studies have been conducted in several parts of the 
ORM by the government, industry, and academia.  However, there is 
still much debate over the depositional history of this late Pleistocene 
deposit.  Detailed studies of deformation structures and sediment 
architecture, along with traditional sedimentological analysis, can 
provide key information needed to help resolve some of these debates. 
The Dufferin Aggregates Mosport Pit (~80 km east of Toronto) was 
selected for a detailed sedimentological study due to its well exposed 
deformation structures and architectural elements.  Three main units 
characterize the sedimentary succession.  The lowermost exposed unit 
(~ 5 m thick) consists of interbedded fine sand, silt, and clay.  The 
middle unit consists of clast- and matrix-supported cobble gravel units, 
which is the predominant lithology exposed in the pit.  The gravels (~ 
12 m thick) generally exhibit trough-cross bedding and low angle 
planar-cross bedding, with apparent paleocurrents directions ranging 
from NNW to NE.  The uppermost unit (~ 3 m thick) consists of 
trough-cross bedded fine to medium sand and clast-supported pebble 
gravel layers. 
The lower sands and silts have been extensively deformed.  Large 
flame structures, elliptical folds, and flow folds are found with hinge 
zones oriented upwards and hinge lines trending NE-SW.  The cobble 
gravels show little evidence of plastic deformation.  Upper sands 
exhibit a transition from undeformed trough-cross beds to increasingly 
deformed sands with extensive kink folding (down dip N-NE).  Several 
normal faults with reject of 0.25-1.5 m affect the cobble gravel 
succession.  The lower and upper sandy units are affected by small sets 
of normal and reverse faults with reject of 0.01-0.25 m. 
Paleocurrent directions within the cobbley gravel units parallel the 
direction of flow folds and hinge line trends of the underlying fine 
sediments.  Rapid loading of the high-energy gravel deposits onto 
saturated fine sediments is most likely responsible for the extensive 
plastic deformation.  Large-scale faulting of the gravel deposits was 
likely caused by the melting of buried ice blocks.  Faulting of the 
gravel deposits could have mobilized the overlying sands, triggering 
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slumping and debris flows.  These sedimentary facies, deformation 
structures, and overall architecture suggest an ice-proximal depositional 
environment. 
 
THE KONIAMBO MASSIF, NOUVELLE-CALÉDONIE:  AN 
OVERTURNED OPHIOLITIC SEQUENCE  

AUDET, M.A.1, maudet@falconbridge.nc, PICARD, C.2 and 
GOULET, N.1,  1 Université du Québec à Montréal, CP 8888, 
Montréal, QC, H3C 3P8;  2 Université de la Nouvelle-Calédonie, 
BP. 4477, Nouméa, Nouvelle-Calédonie 

The Koniambo Massif is one of a series of prominent ultramafic 
klippes along the western side of the main island, “Grande Terre” in 
Nouvelle-Calédonie, which form part of the main Eocene ophiolitic 
sheet.  The massif rises from a narrow coastal plain to 940m above sea 
level thereby providing a spectacular mountain backdrop for the 
Northern Province capital of Koné, 270km North West of Nouméa.  
Geological studies carried out since 1998 have established that the 
massif is made up of a number of distinct and intricately overlapping 
fragments of an ultramafic nappe.  It comprised of three major 
geological Formations, from bottom to the top: a) Vavouto Sequence 
(composed of a melange of three distinctive dunite members), b) 
Dunite with Chromite Sequence of cumulative origin and c) Mantle 
derived Harzburgitic Sequence (harzburgite with minor dunitic 
component).  Thus the dunitic sequences now lie at the base of the 
massif, while the mantle derived harzburgites are at the top. 
Recent mapping undertaken in the surrounding area reveal that this 
assemblage of ophiolitic fragments lies above slabs of oceanic crust 
composed of basalt and gabbro (Poya Formation), which are 
themselves laid out in complex overlapping formations. 
The actual structural position of these ultramafic Sequences and the 
Poya Formation is a result of a complex tectonic setting related to the 
obduction of the ocean crust/mantle lithosphere assemblage of the 
South Loyalty basin upon the Nouvelle-Calédonie basement during the 
Eocene time.  The intermingling of volcanic and volcano-sedimentary 
sequences at the base and the ultramafic sequences at the top, suggest 
an oceanic crust/ophiolitic ultramafic units affinity forming a 
structurally inverted sequence of normal polarity. 
 
ORIGIN AND EVOLUTION OF THE LITHOSPHERIC 
MANTLE BENEATH THE CENTRAL SLAVE CRATON 
(CANADA)  

AULBACH, S, saulbach@els.mq.edu.au, GRIFFIN, W.L., 
PEARSON, N.J., O'REILLY, S.Y, Macquarie University, NSW, 
2109, and KIVI, K, Kennecott Canada Exploration Inc., 1300 
Walsh Street, Thunder Bay, ON, P7E 4X4 

The subcontinental lithospheric mantle (SCLM) sampled by kimberlites 
beneath Lac de Gras (central Slave Craton) is strongly layered, with an 
ultra-depleted shallow and a less depleted deep layer.  Some sulfides 
from the deep layer lie on a 3.27 ± 0.34 Ga isochron, which is 
interpreted as the formation age of this layer.  The age shows that 
significantly older mantle resides beneath the 2.7 Ga crust of the 
eastern part of the Slave Craton (Contwoyto Terrane), possibly 
indicating underthrusting of ancient continental mantle from the 
neighbouring 4.0-2.7 Ga terrane (Central Slave Basement Complex, 
CSBC) during 2.7 Ga collision. 
The initial 187Os/188Os of the sulfide isochron is supra-chondritic and 
may be the signature of a high-Re/Os source, such as the lower mantle 
or outer core.  Furthermore, whole-rock compositions are similar to 
experimental polybaric melting residues and there is a positive 
covariation of whole-rock Al2O3 and Cr2O3, which indicates that the 
formation of the SCLM beneath Lac de Gras involved large degrees of 
garnet-absent polybaric melting, such as may be expected during ascent 
of a plume.  These results, along with the recognition of abundant ultra-
deep diamonds by other workers of our group, suggest formation of the 
deep SCLM layer by subcretion of plume material derived from the 
lower mantle. 
Nd-Hf isotope data on peridotites from the shallow layer suggest that it, 
too, is at least 3.2 Ga old and that it was part of the mantle package 
thrust beneath the 2.7 Ga eastern terrane.  During this event the shallow 

arc-related SCLM coeval with the Contwoyto Terrane and shallow 
mantle of the CSBC may have been interleaved, allowing both mantle 
types to be sampled by the Lac de Gras kimberlites. 
Subsequently, the SCLM experienced Proterozoic metasomatism by 
carbonatitic or similar melts, resulting in low Sm/Nd but high Lu/Hf, as 
inferred from the highly radiogenic Hf and unradiogenic Nd of some 
harzburgites.  Other samples show evidence for metasomatism by 
silicate melts leading to HFSE addition and low 176Hf/177Hf.  The 
isotopic and trace-element relationships in garnets can be explained by 
interaction with silicate melts that progressively lost HREE and Y to 
the garnet-bearing mantle, becoming increasingly enriched in LREE 
and volatiles.  Younger metasomatism, by melts that originated from a 
source similar to the host kimberlites, led to variable resetting of Nd 
and Hf isotope ratios.  This young disturbance is inferred from negative 
internal isochron ages and near-constant epsilon Nd at variable Sm/Nd 
of some samples. 
 
IDENTIFICATION OF ORGANIC MATTER BIOMARKERS IN 
ARCTIC SEDIMENT SAMPLES  

AUSTIN, J.L.1, 01austin@utsc.utoronto.ca, OTTO, A.1, 
STEWART, K.2, LAMOUREUX, S.F.2 and SIMPSON, M.J.1,  1 

Department of Physical and Environmental Sciences, 
Scarborough College, University of Toronto, 1265 Military Trail, 
Toronto, ON, M1C 1A4;  2 Department of Geography, Queen's 
University, Kingston, ON, K7L 3N6 

Organic Matter Biomarkers (OMBs) are ubiquitously found in 
sediment and soil samples.  They are comprised of chemicals released 
by decomposing plant, microbe, and animal material that can be used to 
trace the origin of sediments and soils.  OMBs can be used to determine 
the level of degradation, the origin of plant and microbial inputs, and 
the presence of anthropogenic inputs in a soil, sediment, or water 
sample.  In addition, OMBs can be used to determine the 
transformation processes and pathways that occur in the formation of 
petroleum and other decomposition products.  OMBs are useful tools to 
gauge environmental responses to climate changes over time.  
However, there is little information on sediment samples from Arctic 
regions.  This project was completed to identify and quantify the 
components of surficial sediment samples from lakes situated on 
Melville Island, an island in the northern region of the arctic circle of 
Canada.  Typical of Tundra regions, this island is frozen for most of the 
year with approximately six weeks of growing season during summer 
months.  Solvent extraction was carried out on each sample using 
dichloromethane and methanol.  They were then filtered, concentrated, 
and derivatized with N,O-bis-(trimethylsilyl)trifluoroacetamide 
(BSTFA).  The trimethylsilyl (TMS)-derivatized extracts were 
analyzed by gas chromatography/mass spectrometry (GC/MS).  
Quantification of individual components was performed using 
standards and compounds were identified based on their corresponding 
MS pattern.  Analysis revealed a variety of lipids, carbohydrates, and 
sterols.  Series of alkanes, alkanoic acids and alkanols were found in all 
of the sediments.  Their short chain lengths indicated that they 
originated mostly from algae and bacteria.  Carbon Preference Index 
(CPI) values of these series provided a measure of the amount of 
degradation that has taken place in the sediments.  CPI values for the 
surficial sediments ranged from 2.0 to 3.6 for the n-alkanes, 1.2 to 19.2 
for n-alkanols and 4.0 to 14.9 for n-alkanoic acids indicating that the 
organic matter in samples is relatively fresh.  A series of isoalkanes and 
anti-isoalkanes were also detected in low concentrations.  These 
branched alkanes are rare and originate from a native Chickweed plant.  
Finally, a series of short chain wax esters were also detected.  The 
length of the chains indicated that the wax esters originated from 
bacteria and zooplankton.  Biomarker studies have provided insight 
into the molecular composition of organic matter from Arctic 
sediments.  Future investigations will facilitate monitoring climatic 
influences on organic matter decomposition, which is intimately related 
to global warming. 
 
OCEANIC HYDROTHERMAL NICKEL-COPPER DEPOSITS 
IN SOUTHERN QUÉBEC OPHIOLITE BELTS  
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BAILLARGEON, F., and GAUTHIER, M., Département des 
sciences de la Terre et de l'Atmosphère, Université du Québec à 
Montréal, PO Box 8888 Centre-Ville Station, Montréal, QC, H3C 
3P8, baillargeon.francois@courrier.uqam.ca 

Although nickel is considered immobile in hydrothermal environments, 
alteration of komatiites with disseminated sulphide mineralization is 
important for upgrading the tenor of the sulphides.  We document here 
hydrothermal nickel deposits hosted by altered peridotites from the 
Appalachians to understand the process of nickel redistribution, and to 
constrain their tectonic settings.  The effects of early oceanic 
hydrothermal alteration on peridotite were studied in low-grade 
serpentinites with disseminated nickel alloys and sulphides (0,2 to 1% 
Ni) and barren ophicalcites to compare them with high-grade sulphide 
deposits hosted in silicified peridotite (birbirite) such as Eastern Metals 
(up to 10% Ni) and Prospect Kennedy. 
Synoceanic serpentinization is the first hydrothermal event affecting 
the peridotites.  The pseudomorphic replacement of olivine by 
serpentine released nickel and formed an opaque mineral assemblage of 
magnetite, iron-nickel alloy and heazlewoodite in a low oxygen and 
sulphur fugacities environment. 
Ophicalcites are composed of carbonatized serpentinites and 
serpentinite fragments in a carbonate matrix.  They occur on top of 
serpentinized harzburgite and are overlain by clastic sediment in 
depositional contact.  The carbonates include sedimentary micrite and 
peloidal mats.  The mesh texture of serpentinite and the primary 
chromite grains are preserved during this carbonatization.  The opaque 
minerals associated with the carbonates include hematite, pyrite and 
sulphur-rich nickel sulphides (millerite) indicating high oxygen and 
sulphur fugacities.  Although the ophicalcites were formed after the 
serpentinization, they are the results of hydrothermal and sedimentary 
process that occurred on the seafloor were ultramafic rocks were 
exposed. 
High-grade nickel sulphide deposits occur in completely silicified 
serpentinite (birbirite) in contact with clastic sediments.  The birbirite 
retains the original mesh texture of the serpentinite and the original 
chromite grains with inclusions of fresh olivine.  At the Eastern Metals 
deposit, the birbirite host nickel-bearing pyrite, gersdorffite, millerite 
and polydymite.  At Prospect Kennedy, birbirite fragments containing 
pyrite and gersdorffite mineralization are included in a sedimentary 
rocks lying on mantle peridotite in a stratigraphic position similar to the 
ophicalcites of the same area. 
Ophicalcite, and nickel sulphide deposits hosted in silicified peridotites 
occurs in peridotite that are in contact with oceanic sediments.  Both 
the ophicalcites and the nickel deposits have an alteration and opaque 
mineral assemblage that reflect an evolution from deep reduced fluids 
in serpentinite to sulphur-rich and oxidising fluid near the contact with 
the sediment.  It suggests that the silicification of peridotite to produce 
birbirite represent the end-member of seafloor hydrothermal alteration 
instead of a post-obduction event. 
 
TRACE ELEMENT COMPOSITION OF GARNET 
INCLUSIONS IN DIAMONDS FROM THE DEBEERS POOL, 
SOUTH AFRICA  

BANAS, A., abanas@ualberta.ca, STACHEL, T., University of 
Alberta, 1-26 Earth Sciences Building, Edmonton, AB, T5T 2E3, 
SHIMIZU, N., Woods Hole Oceanographic Institute, Woods 
Hole, MA, USA, 02543,and VILJOEN, K.S., De Beers 
GeoScience Centre, PO Box 82232, Southdale 2135, South Africa 

Peridotitic garnet inclusions in diamonds from the Kimberley mines 
(De Beers Pool), South Africa have been analysed for trace element 
compositions with SIMS.  In their major element composition these 
garnets cover the range typical for inclusions worldwide but also 
include some of the most depleted compositions observed thus far.  
Low-Ca (<2wt% CaO) garnets extend to almost CaO free (0.2 wt%) 
compositions and strongly dominate over high-Ca harzburgitic and 
lherzolitic compositions.  For the harzburgitic paragenesis Cr2O3 ranges 
from from 3 - 15 wt%, lherzolitic garnets have maximum Cr2O3 content 
of only 9 wt%.  Harzburgitic garnets, including the ultra-depleted 
compositions, show sinusoidal chondrite normalized REE patterns 
peaking at Ce and Nd (10 times chondritic abundance), decreasing 

towards the HREE with a minimum at Er (0.01 times chondritic) and 
increasing again towards Yb (3 times chondritic).  Lherzolitic garnets 
show sinusoidal REEN patterns that are indistinguishable from those of 
the harburgitic garnets.  Harzburitic and lherzolitic garnets also have 
similar concentrations in Ba, Sr, Nb, Ti, Zr, and Y.  Sinusoidal REEN 
patterns with low MREE-HREE and Y suggest that these garnets 
experienced fluid dominated metasomatic re-enrichment and, therefore, 
do not represent pristine samples of originally emplaced, depleted 
lithospheric mantle. 
Kimberlite magmatism on the Kaapvaal Craton falls into two groups 
dated at 200-110 Ma (mainly Group 2) and 100-80 Ma (Group 1).  De 
Beers Pool garnet inclusions have been dated at 3.3Ga (Richardson et 
al, 1984) hence this area holds information about the compositional 
evolution of the lithospheric mantle over a large period of Earth's 
history (Archean to Cretaceous).  Analyses of xenoliths and xenocrysts 
from earlier Group 2 and later Group 1 kimberlites indicate that strong 
metasomatic and thermal overprint of the deep cratonic lithosphere 
occurred between the two kimberlite events (Griffin et al, 2003).  Our 
trace element data from garnet inclusions now show that the mantle 
lithosphere beneath the Kimberley area was already strongly re-
enriched in incompatible trace elements prior to the Group 2 event.  
Furthermore, an absence of evidence for melt metasomatism in 
diamond inclusions clearly distinguishes this "modest" Archean re-
enrichment from thermal erosion and re-fertilization of the western 
Kaapvaal as a consequence of the Group 2 event. 
 
ENDOGENOUS AND EXOGENOUS PLUTONS  

BARKER, D.S., Department of Geological Sciences, The Jackson 
School of Geosciences, The University of Texas at Austin, Austin 
TX 78712-0254, USA, danbarker@mail.utexas.edu 

Lava domes grow in two ways.  Endogenous domes inflate as new lava 
ascends and ponds within a cooler lava crust, and exogenous domes 
accrete as new lava ascends, breaches the lava crust, and spreads over 
the exterior.  There is increasing evidence that many composite plutons 
grow by relatively small pulses of magma that reach the solidus before 
injection of the next pulse.  If this is true, there are significant 
implications for styles of pluton growth.  Similarly to lava domes, 
composite plutons may grow by inflation as new pulses of magma 
invade and displace their already solid predecessors, or by accretion as 
new magma follows contacts between wall rock and older intrusions.  
Endogenous and exogenous growth styles of plutons reflect rapid 
magma injection and rapid wall rock deformation rates, respectively.  
Combinations of these two endmembers are probably common.  
Especially during wall rock deformation, intrusive contacts should be 
favored paths for new magma because rheological contrasts between 
relatively rigid igneous rock and commonly foliated and layered wall 
rock result in concentration of shear within, or close to, the contact 
zone.  Narrow screens of wall rock between and within intrusive bodies 
are evidence of exogenous growth.  Contrary to a common assumption, 
the innermost parts of a composite intrusion are not necessarily the 
youngest.  Exogenous growth offers less opportunity for magma 
mingling and mixing, but allows more wall rock assimilation 
(contamination). 
 
CONCEPTS, OPPORTUNITIES, AND LATEST 
DEVELOPMENTS IN THE INSTALLATION PHASE FOR 
STAGE 1, NEPTUNE CABLED OCEAN OBSERVATORY, 
NORTH-EAST PACIFIC   

BARNES, C.R., NEPTUNE Canada, University of Victoria, P.O. 
Box 1700, Victoria, BC, V8W 2Y2, Canada, crbarnes@uvic.ca 

NEPTUNE is a proposed innovative network of 30 sub-sea 
observatories linked by 3300 km of powered, fiber-optic cables 
covering the Juan de Fuca Plate (200,000 sq km), North-east Pacific, 
with shore stations at Port Alberni, BC and Nedonna Beach, OR.  Each 
observatory will host and power many scientific instruments on the 
seafloor, in boreholes, and buoyed up into the water column.  Remotely 
operated and autonomous vehicles will reside at depth, recharge at 
observatories, and respond to distant labs.  Continuous near-real-time 
multidisciplinary measurement series will extend over 30 years.  Major 
research themes include: structure and seismic behavior of the ocean 
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crust; dynamics of hot and cold fluids and gas hydrates in the upper 
ocean crust and overlying sediments; ocean/climate change and effects 
on ocean biota at all depths; and deep-sea ecosystem dynamics.  All 
involve interacting processes, long term changes, and non-linear, 
chaotic, episodic events difficult to study with traditional means.  
VENUS and MARS will act as test-beds.  NEPTUNE is an US/Canada 
(70/30) partnership with the total facility cost of about $250M.  Over 
$40M has already been funded for NEPTUNE design/development and 
VENUS and MARS.  NEPTUNE Canada’s installation was funded 
(CAN$62.4M) in October 2003. 
With US NSF/MREFC funding not anticipated before FY 2006, 
NEPTUNE Canada (a consortium of 12 Canadian universities, led by 
UVic) will install the northern Stage 1 of the Project.  Housed in new 
quarters, NEPTUNE Canada has hired a dozen staff, with more 
anticipated; UVic has purchased the former Teleglobe TPC4 Shore 
Station at Port Alberni.  Current activities include: a) evaluating 
industry responses to the Wet Plant RFP (cable/nodes; c. $40M), with a 
contract in Spring 2005, installation in 2007, and most sensors 
deployed in 2008; b) a competition ($13M) for observing systems 
following three workshops in 2004 to establish the community 
experiments, desired observing systems, and preferred node locations, 
c) initial planning for Data Management and Archiving System 
(DMAS), and d) establishing MOUs with partner agencies including 
NSF/ORION, HIA/NRC, and DND.  UVic also acts as the lead for the 
VENUS Project (www.venus.uvic.ca): a shallow-water, coastal 
observatory in southern BC whose installation has been funded (2002-
06).  NEPTUNE Stage 1 and VENUS will be among the first of many 
such large cabled ocean observatories. 
 
ANATOMY OF THE MIDDLE JURASSIC ESKAY CREEK 
GRABEN, NORTHWEST BRITISH COLUMBIA:  
GEOCHEMICAL CHARACTERISTICS AND 
STRATIGRAPHIC CORRELATIONS  

BARRESI, T, Department of Earth Science, Dalhousie 
University, Halifax, NS, B3H 4J1, TN425520@dal.ca, 
ANDERSON, R.G, Geological Survey of Canada, 101 - 605 
Robson Street, Vancouver, BC, V6B 5J3, NELSON, J.L., 
ALLDRICK, D.J., BC Geological Survey, PO Box 9333, Stn 
Prov Gov't, Victoria, BC, V8W 9N3, and DOSTAL, J., 
Department of Geology, Saint Mary's University, Halifax, NS, 
B3H 3C3 

Middle Jurassic sedimentary and bimodal volcanic rocks of the Salmon 
River Formation (SRF; upper Hazelton Group), along with the 
enclosed, world class precious and base metal Eskay Creek mine, 
define a 300 km by 30 km discontinuous belt in northwestern British 
Columbia.  They represent the final significant episode of Jurassic 
magmatism in the Stikine Terrane and are interpreted to have been 
deposited in a west-facing, back-arc environment.  Important elements 
of the geological setting include: a) the presence of original graben-
bounding faults; b) unconformities associated with proximal, graben-
filling conglomerates, including one that grades into distal facies 
argillite; and c) significant transcurrent displacements and kinematic 
indicators on some of the graben-bounding faults, which appear coeval 
with graben development. 
There is a general correlation in stratigraphies, rock types, age, and 
compositions amongst the strata in the separate sub-basins which define 
the belt.  The Willow Ridge Complex (WRC), and the Pillow Basalt 
Ridge Complex (PBR), separated by 100 km, are characterized by basal 
and upper sequences of basaltic pillowed lava, 1000 m thick, divided 
by medial successions of sedimentary and bimodal volcanic rocks.  The 
medial units closely resemble strata that host the Eskay Creek deposit 
and are potentially prospective for similar types of mineral deposits.  
Fifty kilometers to the southeast, coeval and bimodal volcanic rocks at 
the Treaty Glacier area are host to a high level, high sulphidation 
prospect. 
The mainly intermediate, calc-alkaline affinity of Lower Jurassic rocks 
changes to bimodal rhyolites and tholeiitic basalts of the Middle 
Jurassic SRF.  The chemical composition of the volcanic rocks from 
the WRC, the Iskut River area, and the Eskay Creek mine are very 
similar.  Basalts from the WRC are characterized by: a) a negative 
correlation of TiO2 with Mg number in compositionally-similar, TiO2-

rich tholeiitic MORB; b) a slight enrichment in light REE (LREE; 
Lan/Smn = 1.83) and flat heavy REE (HREE; Gdn/Ybn = 1.19); c) slight 
enrichment of strongly incompatible elements and a small negative Nb 
anomaly in mantle-normalized multi-element diagrams.  Rhyolites 
from the WRC have broadly similar characteristics to basalts but they 
have strongly negative Ti and weakly positive Zr anomalies.  The 
similarity in trace element abundances between rhyolites and basalts 
rules out derivation of rhyolite from basalt via fractional crystallization.  
Incompatible element characteristics for WRC and Eskay Creek 
rhyolites resemble those of rhyolites that host many Archean and other 
high tonnage VMS deposits worldwide. 
 
BEDROCK GEOLOGY AND TECTONIC IMPLICATIONS OF 
THE SOUTHWESTERN NEW RIVER TERRANE, SOUTHERN 
NEW BRUNSWICK  

BARTSCH, C.J. and BARR, S.M., Dept. of Geology, Acadia 
University, Wolfville, NS, B4P 2R6, 067841b@acadiau.ca 

The New River terrane is a narrow fault-bounded tectonostratigraphic 
belt containing the westernmost exposures of Neoproterozoic rocks 
known in southern New Brunswick.  Unravelling its tectonic history 
has important implications for the assembly of the Appalachian Orogen 
in the New Brunswick.  The belt is characterized by two previously 
dated (U-Pb zircon) Neoproterozoic igneous units, the ca. 620 Ma 
Blacks Harbour Granodiorite and the ca. 555 Ma Ragged Falls 
Intrusive-Volcanic Suite.  The Ragged Falls Intrusive-Volcanic Suite is 
both overlain by, and in faulted contact with, Early - Middle Cambrian 
volcanic and siliciclastic rocks of the Simpsons Island, Buckmans 
Creek, and Mosquito Lake Road formations, and Silurian – Devonian 
sedimentary rocks of the Mascarene Group. 
The Blacks Harbour Ganodiorite occupies much of the area east of the 
Letang Harbour Fault and consists of granodiorite and minor granite, 
both lacking significant mafic mineral content.  The unit has undergone 
extensive silicic alteration and is highly cataclastic near its faulted 
boundaries.  Whole-rock chemical analysis exhibits signatures 
characteristic of a continental margin subduction zone.  The much more 
extensive Ragged Falls Intrusive-Volcanic Suite occurs throughout 
almost the entire strike-length of the southwestern New River terrane.  
The intrusive part of the suite consists of diorite-granodiorite, 
syenogranite, granophyric alkali feldspar granite, and quartz-feldspar 
porphyry, in intrusive contact with associated felsic volcanic rocks.  In 
contrast to the Blacks Harbour granite, whole-rock chemical data for 
the Ragged Falls suite show that most rocks are silica-rich, typically 
containing over 75% SiO2, with high concentrations of K2O and trace 
elements Rb, Nb, and Zr.  These rocks likely formed in a within-plate 
extensional environment. 
The two Neoproterozoic units are interpreted to have undergone 
separate deformational histories throughout the Early Paleozoic.  The 
Blacks Harbour Granodiorite locally contains evidence of northwest-
directed thrusting and is strongly deformed compared to adjacent rocks.  
The Ragged Falls Intrusive-Volcanic Suite is dominated by high-angle 
faulting, and strongly foliated to protomylonitic textures.  The separate 
histories of the two units are supported by lack of Cambrian – Early 
Devonian cover rocks on the Blacks Harbour Granite.  The Letang 
Harbour Fault is interpreted as a major regional structure that brought 
the two units into juxtaposition through strike-slip faulting no earlier 
than Late Devonian, supporting data from more outboard terranes 
which demonstrate that major orogenic processes were active well into 
the late Paleozoic in southern New Brunswick. 
 
CRYSTALLOGRAPHIC EFFECTS OF HYDRONIUM 
SUBSTITUTION IN POTASSIUM JAROSITE  

BASCIANO, L.C., basciano@students.geol.queensu.ca, and 
PETERSON, R.C., Geological Sciences, Queen's University, 
Kingston, ON, K7L 3N6 

Minerals of the jarosite group are commonly found in acidic, high 
sulfate environment within the saturated zone of mine tailings.  Jarosite 
is commonly non-stoichiometric, with minor deficiencies in the iron 
site and significant deficiencies in the alkali site.  The alkali deficiency 
has been commonly attributed to H3O+.  Part of ongoing research is to 
determine the crystallographic effects of hydronium substitution in the 
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jarosite structure.  The solid solution series between hydronium jarosite 
(H3O)Fe3(SO4)2(OH)6 and jarosite KFe3(SO4)2(OH)6 is currently being 
synthesized to determine the crystallographic effects that K – H3O 
substitution has on the structure.  Hydronium jarosite was synthesized 
using the following method:  30 g Fe2(SO4)3 • nH2O was dissolved in 
deionized water to a volume of 100 ml.  The reaction solution was 
heated at 140°C in a small mason jar (130 ml) within a stainless steel 
bomb (650 ml) with 75 ml of water in it for 100 hours.  The jarosite 
precipitate was dried at 120°C for 4 hours.  The samples were analyzed 
using powder X-ray diffraction and Rietveld analysis.  There were no 
other phases other than hydronium jarosite and the iron site is close to 
fully occupied.  The complete solid solution series, (H3O)1-

xKxFe3(OH)6, will be created using a two-step method.  First, the 
hydronium jarosite is grown with the above method and then sub-
samples of the pure hydronium jarosite will be heated at 200°C in 
potassium rich solutions with varying concentrations to create the solid 
solution series.  Samples will be characterized using X-ray diffraction 
and Rietveld Refinement to determine the changes in the unit cell 
parameters, atomic coordinates and site occupancies.  The 
stoichiometry of the iron site, which is fully occupied in the 
synthesized hydronium jarosite, will be refined to determine if there are 
changes through the solid solution series.  It is common that the iron 
site is only 83% occupied in natural jarosites.  The jarosite group of 
minerals is volumetrically important, occurring in large quantities 
worldwide.  Further understanding of this group will aid in remediation 
of active and abandoned mine sites, as well as storage and remediation 
of jarosite produced in processing in the zinc industry. 
 
EXPANDING GEOSCIENCE OUTREACH IN CANADA:  
WHERE TO STOP?  

BATES, J., jbates@nrcan.gc.ca, DEHLER, S., FENSOME, R., 
MOIR, P., POTTER, P., SHIMELD, J. and WILLIAMS, G., 
Geological Survey of Canada (Atlantic), Bedford Institute of 
Oceanography, 1 Challenger Drive, PO Box 1004, Dartmouth, 
NS, B2Y 4A2 

Those active in education outreach know all too well that partnerships 
are essential.  We need partners to develop and sustain our programs 
and activities; we need partners to generate useful and used education 
products.  Nothing is a one-person show.  Activities and products 
improve with contributions from geologists, educators, artists, 
photographers, designers, the media, non-geology scientists and the 
public.  The Geological Survey of Canada (Atlantic) leads and 
participates in a number of local, regional and national partnerships; the 
successes result directly from each group’s enthusiastic and 
knowledgeable membership. 
The long-running Nova Scotia EdGEO Workshop Program entered its 
12th year in 2005.  A winning combination of geoscientists and 
educators from various environments steers the Program as it winds its 
way around the province.  Hands-on activities, field trips and an 
interactive environment underlie an exemplary learning experience.  
EarthNet, a Canada-wide virtual resource centre (earthnet-geonet.ca), 
offers quality resources and information for teachers of all grades.  
Again, educators and geoscientists are the driving forces.  Other 
successes, namely “The Last Billion Years” best-seller, the Evolving 
Maritimes poster, the Nova Scotia Rocks pamphlet, the ongoing talk 
series with the Nova Scotia Museum of Natural History and annual 
photo contest with the Photographic Guild of Nova Scotia, were made 
possible by partnerships generated within the Atlantic Geological 
Society (AGS) Education Committee. 
Outreach activists believe the local level is where it happens.  It’s true.  
However, collaboration on the national scale can minimize ‘re-
invention of the wheel’, be a source of ideas, increase awareness of the 
community, and stimulate the camaraderie and positive energy that 
leads us to “think globally - act locally”.  The Canadian Geoscience 
Education Network (cgen.bio.ns.ca) is the vehicle for this 
collaboration.  Still, more needs to be done. 
Let’s suggest the next challenge is to move beyond our comfort zone 
into science-wide partnerships.  Geoscience is well suited for this 
challenge. Geoscientists already look to other sciences - physics, 
chemistry, biology, ecology - to understand the Earth.  And they 
communicate with other disciplines - economics, land use planning, 

medicine - to investigate modern social and economic issues.  The 
science-wide approach works well with today’s requirement to focus on 
themes or issues.  And these partnerships could be beneficial to all 
when seeking funds.  New collaborations will bear new situations and 
challenging times.  Thankfully, the Canadian geoscience community is 
a leader in education outreach and has a wealth of experience and 
knowledge to offer. 
 
EARLY PALEOZOIC DEFORMATION IN THE SOUTHERN 
SLAVE CRATON:  EVIDENCE FROM THE 530 M.Y. SNAP 
LAKE KIMBERLITE 

BAUDEMONT, D1, triplepointconsulting@shaw.ca, MCBEAN, 
D.2, duncan.mcbean@ca.debeersgroup.com, and KIRKLEY, M2, 
melissa.kirkley@ca.debeersgroup.com,  1 Triple Point Consulting, 
814 15th Street East, Saskatoon, SK, S7N 0R1;  2 De Beers 
Canada Inc., 300-5102 50th Ave., Yellowknife, NT, X1A 3S8 

Syn- and post-emplacement deformation of the Snap Lake kimberlite 
dyke indicates that a compressional stress regime existed in the 
southern Slave Craton in early Cambrian times.  A fine vertical east-
west cleavage is observed throughout the dyke resulting in crenulation 
of serpentine and carbonate veinlets and small scale fracturing of 
olivine macrocrysts.  Such a penetrative fabric is interpreted to occur at 
sub-greenschist conditions indicating a ± 10 km depth of emplacement. 
The kimberlite has been drag folded by northwest striking reverse 
faults that account for some of the relatively gentle (1-2 m) rolling dyke 
geometry.  More significant are 6-7 m steps in the dyke which formed 
by the dyke ramping up northeast-dipping reverse fault planes.  When 
the drag fold and ramp are both present the dyke splits into two 
horizons.  The vector of opening is steeply dipping to the north; hence 
the dyke is typically thinner on the north-dipping ramps and thicker on 
the dilated portions.  Host rock fragments are commonly picked up as a 
result of the dilation to yield kimberlite breccias. 
White, contact-parallel carbonate veinlets, which give the Snap Lake 
dyke its characteristic striped appearance, formed during cooling when 
late-stage fluids migrated into small (1-2 mm) sub-horizontal cracks 
that opened parallel to the compressional stress.  Thicker (1-2 cm) 
crossing carbonate-serpentine veins represent conjugate sets of 
shallow-dipping reverse faults within the dyke.  Sub-vertical, wavy, 
white to pale green carbonate-serpentine veins a few cm thick are the 
manifestation within the dyke of sub-vertical north-northwest trending 
faults that post-date dyke emplacement.  In the more brittle host rocks 
these are characterized by close-spaced fractures with both eastward 
and westward dips. 
 
ISSUES IN THE PEOPLING OF WESTERN CANADA:  WHEN, 
WHERE, AND HOW  

BEAUDOIN, A.B., Provincial Museum of Alberta, 12845-102nd 
Avenue, Edmonton, AB, T5N 0M6, 
Alwynne.Beaudoin@gov.ab.ca 

The issue of how, when and where people first occupied Canada is part 
of the larger question of the peopling of North America.  It is a question 
on which there is not general agreement, though there are distinct 
schools of thought.  It is also a question that continues to evoke strong 
controversy within the archaeological community and beyond.  The 
reasons for this continuing debate arise from four main factors: the 
nature of the archaeological record, disagreement over what constitutes 
evidence of human occupation, the problem of chronology and dating 
methods in the Late Quaternary, and, from a more strictly geological 
perspective, the lack, despite more than fifty years of intense research, 
of a clear picture of the nature of Late Quaternary glacial and 
environmental history.  The problems of evidence and context are 
paramount and are interlinked.  These issues will be illustrated and 
discussed in relation to the record of human occupation in the interior 
western Canada. 
 
EPITHERMAL-STYLE CHALCEDONIC QUARTZ VEINS IN 
THE DESTOR-PORCUPINE FAULT ZONE, QUÉBEC  

BEAUDOIN, G, Université Laval, Québec, QC, G1K 7P4, 
beaudoin@ggl.ulaval.ca, and LEGAULT, M., Ministère des 
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Ressources natureles, Faune et Parcs, 82 blvd. Québec, Rouyn-
Noranda, QC, J9X 6R1 

The Archean volcano-sedimentary sequence along the Destor-
Porcupine Fault zone, in the Abitibi sub-province, Québec, is well 
known for various types of gold mineralization.  Gold occurs mostly in 
typical orogenic quartz-carbonate veins, but a new style of gold 
mineralization recently recognized comprises chalcedonic quartz veins 
and breccias characterized locally by colloform, crustiform and 
cockade textures.  Epithermal-style mineralization formed during two 
events: synvolcanic (~ 2718 Ma) and syntectonic (< 2689 Ma).  The 
synvolcanic epithermal deposit (Nipissing) is undeformed, highly 
silicified and has a chemical signature characterized by a Au/Ag ratio > 
2 and high Hg (< 8.3 ppm), As (< 0.65%), Sb (< 220 ppm) and Cu (< 
918 ppm).  The syntectonic epithermal deposits (NIP, Ottman) are 
spatially associated with the margins of the Duparquet basin, are highly 
deformed, and show a Au/Ag ratio < 1 and high Zn (< 1.05%), Pb (< 
0.96%), Cu (< 1.03%), Mo (< 0.33%), Sb (< 0.11%) and Hg (< 163 
ppm) concentrations.  These characteristics are typical of low 
sulphidation epithermal mineralization. 
Synvolcanic epithermal veins display *18O values ranging from 13.0 to 
16.2 ‰.  Samples of chalcedonic quartz display a smaller range from 
13.0 to 13.5 ‰ with a mean of 13.3 ± 0.3 ‰ (n = 3).  Syntectonic 
epithermal veins have *18O values ranging from 7.9 to 13.1 ‰. *18O 
values for epithermal veins are at the low end but overlap with values 
for orogenic gold veins in the region (*18O from 11.5 to 19.1 ‰). 
In crustiform bands from the Nipissing showing, early drusy quartz 
(*18O = 16.2 ‰) is in isotopic equilibrium with ankerite (*18O = 17.8 
‰) at a temperature of 200° C, yielding a *18O value of 4.5‰ for the 
fluid.  This suggests Archean seawater with a history of water-rock 
exchange.  Later chalcedonic quartz has a lower *18O (13.0 ‰) unlikely 
to represent an increase in temperature because the chalcedonic quartz 
most likely precipitated at a temperature below 200° C.  Using this 
upper temperature boundary, the maximum *18O value for the fluid was 
1.6‰, indicating that the late hydrothermal fluid was almost pure 
Archean seawater.  These data are compatible with an Archean 
submarine epithermal system.  Later syntectonic epithermal veins have 
lower *18O values for the fluid (-3.5 to +1.5 ‰) indicating a significant 
meteoric water component compatible with the formation of the veins 
during exhumation and erosion of the volcanic pile into the subaerial 
Duparquet basin. 
 
TECTONIC EVOLUTION OF THE PALEOPROTEROZOIC 
LYNN LAKE GREENSTONE BELT:  STRUCTURAL AND 
ISOTOPIC ANALYSIS ALONG THE NORTHERN MARGIN OF 
THE TRANS-HUDSON OROGEN IN MANITOBA  

BEAUMONT-SMITH, C.J. and BÖHM, C.O., Manitoba 
Department of Industry, Economic Development and Mines, 
Geological Survey Branch, 360-1395 Ellice Ave, Winnipeg, MB, 
R3G 3P2 

The tectonic evolution of the Lynn Lake greenstone belt reflects the 
accretion of a supracrustal rocks to the southern Hearne Craton margin 
and their subsequent transposition during the Paleoproterozoic Trans-
Hudson Orogen.  The accretion event involved the complex structural 
juxtaposition volcanic rocks representing diverse tectonic affinities.  
The application of detailed structural analysis in concert with U/Pb 
geochronology, Sm/Nd isotopic analysis and detailed geochemistry has 
resulted in a greatly improved understanding of the tectonic history of 
the northern portion of the internal Trans-Hudson Orogen. 
The Lynn Lake greenstone belt represents the assembly of volcanic 
rocks representing a variety of tectonic affinities comprising two east-
west trending supracrustal belts.  The northern greenstone belt is 
dominated by 1890 Ma isotopically contaminated arc tholeiites, 
transitional E-MORB, and an arc-rift succession of picrite, banded iron 
formation and pelite.  Intercalated with these rocks are juvenile, 
possibly younger (1865 Ma), arc tholeiites.  The central and eastern 
portion of the southern greenstone belt consists of juvenile arc tholeiite 
and calc-alkaline affinities of unknown age, whereas the western 
portion comprises and assemblage of older (1890 Ma) contaminated arc 
tholeiite and MORB.  Initial structural juxtaposition of the volcanic 
rocks took place prior to three periods of successor arc magmatism 

between 1876 Ma and 1830 Ma.  Further structural juxtaposition and 
the deposition of fluvial-alluvial sediments along the southern margin 
of the belt resulted from a protracted D2 deformational event that has 
largely transposed the original accretionary deformation.  The D2 
deformation produced moderately to shallowly plunging, upright tight 
to isoclinal F2 folds and dextral transpressive shear zones during 
prograde regional metamorphism prior to the syn-D4 lower to upper 
amphibolite facies metamorphic peak at 1816 Ma.  The resultant 
subhorizontal macroscopic D2 enveloping surface requires a shallow 
pre-D2 orientation of the greenstones, suggesting the D1 juxtaposition is 
the result of thrust-imbrication of the volcanic stratigraphy during 
accretion. 
 
WOODY ENCROACHMENT EFFECTS ON THE 
CALCAREOUS PRAIRIE SOILS OF LOUISIANA  

BEKELE, A.B., Environmental Sciences Research Center, St. 
Francis Xavier University, P.O. Box 5000, Antigonish, NS, B2G 
2W5, Canada, asfaw2001@yahoo.com; HUDNALL, W.H, 
Department of Plant and Soil Science, Texas Tech University, 
Campus Box 42122, Lubbock, Texas 79409, USA, and DOWNER, 
R.G., Department of Experimental Statistics, Louisiana State 
University, Baton Rouge, Louisiana 70803, USA 

The calcareous prairies of Louisiana have been threatened by the 
encroachment of woody plants, primarily eastern red cedar (Juniperus 
virginiana).  The knowledge of whether eastern red cedar 
encroachment has altered the soils is of interest in light of the 
restoration and management of these rare plant communities.  We 
collected soil samples along transects traversing prairie, transition, and 
forest from three remnant calcareous prairies in Louisiana. We also 
measured relative elevation (RE) at the points where soil samples were 
taken.  The transition was the area heavily encroached by red cedar.  
The soil samples were analyzed for pH, electrical conductivity (EC), 
and Mehlich III extractable nutrients.  Factor analysis and stepwise 
discriminant analysis were used to determine differences in these soil 
properties and RE among the vegetation types and to identify the soil 
properties that could be used to discriminate the soil types (prairie soil, 
transition soil, and forest soil).  The prairie soil was distinctly different 
from the forest soil in nutrient levels while the transition soil shared the 
properties of both the forest soil and the prairie soil but with a change 
towards the forest soil, indicating that eastern red cedar impacted the 
prairie soil.  The discriminating properties were RE, pH, and Mehlich 
III extractable Ca, Mg, Fe, and Mn.  The discriminant functions derived 
from these attributes reasonably predicted the soil types.  These 
findings provide land managers of natural areas, especially of humid 
regions, a better perspective on eastern red cedar impact on prairie soil 
nutrient levels. 
 
HYDROTHERMAL ALTERATION ASSOCIATED WITH THE 
HERCYNIAN DRAA SFAR VOLCANOGENIC MASSIVE 
SULFIDE DEPOSIT, CENTRAL JEBILET, MOROCCO  

BELKABIR, A., University of Marrakech, Morocco, 
abelkabir@fstg-marrakech.ac.ma, GIBSON, H.L., MERC, 
Department of Earth Sciences, Laurentian University, Sudbury, 
ON, P3E 2C6, MARCOUX, E., ISTO, University of Orleans, 
Orleans Cedex 2, France, LENTZ, D, Department of Geology, 
University of New Brunswick, E3B 5AS, and RZIKI, S, 
Compagne Minere des Guemassa, Draa Sfar Mine, Morocco 

The Draa Sfar Zn, Pb,Cu volcanogenic massive sulfide (VMS) deposit 
(10MT; 5% Zn, 1.2% Pb, 0.5% Cu), located 15 Km north of 
Marrakech, occurs at the southern limit of the Jebilet massif, in the 
southern part of the western Moroccan Meseta.  The Draa Sfar deposit 
occurs within the Sarhlef series, a volcano-sedimentary succession that 
hosts other massive sulfide deposits (e.g. Hajar, Kettara) within the 
dominantly sedimentary succession of the lower Central Jebilet.  At 
Draa Sfar, the footwall lithofacies (500m) are dominated by grey 
(black) argillite and intercalated siltstone with localized rhyodacitic 
flows, domes, associated in situ and transported autoclastic deposits 
and minor dykes and sills of basalt and gabbro.  Thin- to thickly-
bedded, black carbonaceous argillite, minor intercalated siltstone and a 
large gabbro sill dominate the hanging wall lithofacies.  The main 
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lithologies strike NNE-SSW and are flattened parallel to a pronounced 
S1 foliation.  A chlorite-muscovite-quartz-albite-oligoclase low-grade 
metamorphic assemblage overprints these lithologies.  The stratabound 
sulphides are located in the upper part of the lower volcano-
sedimentary unit, where they are hosted by argillite, and occur as 
highly deformed, sheet-like bodies of pyrrhotite (95-99% po, with 
minor sph, gal, py and cp). 
Alteration studies are ongoing, however preliminary results indicate a 
pronounced zonation of alteration assemblages and geochemical 
patterns within the predominately argillaceous sediments that surround 
the massive sulfide ore body.  In the more proximal volcanic area to the 
south, argillite in the immediate footwall to the massive sulfide ore 
body is characterized by chlorite alteration, where the abundance of 
medium- to dark-green chlorite progressively increases toward the base 
of the sulfide lens and in argillite enclosed within massive sulfide.  
Chlorite alteration is accompanied by destruction of feldspar, a 
decrease in muscovite abundance and by a net addition of Fe and Mg 
and a loss of K and Na.  In the more volcanic distal north part of the 
deposit, alteration within the footwall argillite is characterized by a net 
increase of sericite relative to chlorite.  A calcite-quartz-muscovite 
assemblage and a pronounced decrease in chlorite characterize argillite 
within the immediate hanging wall to the deposit.  The sympathetic 
lateral change from predominately sericite to chlorite alteration within 
the footwall argillite with increasing volcanic proximity suggest that 
the higher temperature part of the hydrothermal system is coincident 
with the rhyodacitic volcanic vent defined by localized flow/domes 
within the footwall succession at Draa Sfar. 
 
GEOMORPHOLOGICAL ANALYSIS OF DUNE FORMS IN 
NAMIBIA BY REMOTE SENSING  

BELONOGOV, A. and GOUDIE, A.S., School of Geography and 
the Environment, University of Oxford, Mansfield Road, Oxford, 
UK, OX1 3TB, alex.b@unb.ca 

The study applies remote sensing technique to provide for the first time 
a description of the geomorphology of the Cunene Sand Sea in 
Northern Namibia, which has been previously undescribed.  Remote 
sensing and geographical information systems (GIS) were employed to 
study the dune morphology and both proved to be very useful 
techniques in mapping dune forms. 
Landsat-7 data allows the study of dune morphology in sand seas, 
where linear, transverse and barchanoid dunes are large enough to be 
observed in two-dimensional Landsat-7 images with a resolution of 
28.5 m.  One of the main aims was making a geomorphological map of 
the area and measuring the length and width of barchans, orientation, 
etc.  Towards this aim the following procedure was applied: first a 
Landsat-7 satellite image was obtained, followed by conversion into a 
suitable format and cropping in order to enable the processing of data.  
Next, these data were imported into ArcMap software, where individual 
dunes were digitized using the mouse to create a computerized drawing 
of the dunes.  Once digitized, geometric measurements of dunes and 
dune fields were carried out, where area, perimeter and orientations 
were calculated, and 2D complexity measurements conducted.  After 
geometric measurements were completed, the data were used for 
further statistical analyses of mean area, perimeter, shape index, length 
and azimuth. 
This first systematic survey of the Cunene Sand Sea revealed a wide 
range of dune types with three main forms: barchanoid, transverse and 
linear.  The barchans are of similar dimensions to those in other parts of 
the world.  The orientations of the dunes change inland, and this may 
reflect the influence of southerly winds near the coast and of easterly 
winds further inland.  The linear ridges appear to be overlain by the 
transverse forms.  To the south of the sand sea is an area of south-
north-trending yardangs that have been cut into the basement rocks.  
Compiling geological with geomorphological data did not reveal that 
particular morphological features are associated with particular 
geological types.  Consequently, the orientations of the dunes are 
related only to climatic conditions. 
The application of remote sensing and GIS for geomorphological 
studies in Northern Namibia proved to be very useful techniques and 

indicated their immense potential for further applications in 
geomorphology. 
 
SPATIAL PATTERNS OF SURFACE TEMPERATURE AND 
SURFACE HEAT FLUX FOR THE LAST 200 YEARS IN THE 
NORTHERN HEMISPHERE INFERRED FROM 
UNDERGROUND TEMPERATURE DATA  

BELTRAMI, H. and BOURLON, E., Environmental Sciences 
Research Centre, St. Francis Xavier University, Antigonish, NS, 
Canada, B2G 2W5, hugo@stfx.ca 

Underground perturbations to the equilibrium geothermal gradient were 
used to reconstruct the ground surface temperature and energy balance 
histories at the continental surface.  We reconstructed ground surface 
temperature and heat flux histories from temperature versus depth 
profiles measured at 558 sites distributed between 30° and 60°N in the 
northern hemisphere.  Results indicate a mean surface heat flux gain of 
18.0 mWm2 for the study area in the last 200 years.  The heat gain is 
spatially variable and does not appear to have been persistent for the 
last 200 at every location in the northern hemisphere.  We show that the 
ground has warmed about 0.5°K in the last 100 years. 
 
PRELIMINARY LAM-ICP-MS ANALYSIS OF DIAMOND 
INDICATOR SILICATE MINERALS IN THE PANDA AND 
NEW ELAND KIMBERLITE PIPES  

BENZ, D.M., University of Windsor, Dept. of Earth Sciences, 
Windsor, ON, N9B 3P4, dbenz@uwindsor.ca, FRYER, B.J., 
University of Windsor, GLIER, Windsor, ON, N9B 3P4, FIPKE, 
C.E, C.F. Mineral Research, 1677 Powick Road, Kelowna, BC, 
V1X 4L1, and GREENOUGH, J.D., Okanagan University 
College, Earth and Environmental Sciences, 3333 College Way, 
Kelowna, BC, V1V 1V7 

Eighteen silicate minerals were analysed using LAM-ICP-MS in a 
preliminary study of diamond indicator minerals in two kimberlite 
pipes.  Eight G10 harzburgitic garnets, five G1 eclogitic garnets, one 
chrome diopside and four forsterite from the Panda and New Eland 
kimberlite pipes were analysed for 33 elements.  The G10 harzburgitic 
garnets contained detectable concentrations of Li, Sc, V, Ga, Rb, Sr, Y, 
Nb, Ba, REE, Hf, Ta, Pb, Th, and U.  The G1 eclogitic garnets 
contained Li, Sc, V, Ga, Rb, Sr, Y, Nb, Ba, REE, Hf, Ta, Pb, Th and U 
concentrations above detection limits.  The sole clinopyroxene analysed 
had detectable Li, Sc, V, Ga, Rb, Sr, Y, Nb, Ba, REE, Hf, Pb, Th, and 
U concentrations.  Lithium, Be, Sc, and V were detected in the four 
forsterites analysed.  REE patterns in the harzburgitic garnets displayed 
sinusoidal curves whereas the eclogitic garnets displayed elevated 
concentrations of MREE to HREE; patterns consistent with 
metasomatic enrichment.  Certain elemental ratios and concentrations, 
especially Sc, Sr, Y and the MREE to HREE, showed distinctive trace 
element compositions between the Panda and New Eland kimberlite 
pipes.  The results of this preliminary analysis of diamond indicator 
silicate minerals may lead to the future use of G10 and G1 garnets in 
discerning the diamond potential of kimberlite pipes. 
 
ORIGINE DES BRÈCHES À HÉMATITE DE LA PROPRIÉTÉ 
DU MONT-DE-L'AIGLE EN GASPÉSIE  

BERNARD, J., Université Laval, Québec, QC, G1K 7P4, 
Pavillon Pouliot, Département de géologie et génie géologique, 
julie.bernard.2@ulaval.ca 

Le gîte de Cu-Au-oxyde de fer du Mont-de-l’Aigle se situe au sud de la 
faille de Shickshock-Sud en Gaspésie et dans les parties nord et ouest 
de la structure anticlinale du Dôme de Lemieux.  Les strates 
sédimentaires siluro-dévoniennes sont recoupées par une série 
d’intrusions mafiques et felsiques, syn- à tardi-acadiennes. 
Les brèches et les stockwerks de la région sont situés sur, ou à 
proximité, des intrusions et des failles de décrochement.  Les fragments 
des brèches sont silicifiés et chloritisés et proviennent exclusivement 
des roches sédimentaires de la région.  Les fragments angulaires d’une 
longueur maximale entre 1cm et 10cm présentent des textures de 
fragmentation en « jigsaw puzzle » caractéristiques d’un 
environnement cassant.  Le quartz est omniprésent dans les brèches 
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tandis que les brèches à ciment d’hématite-magnétite sont restreintes à 
la partie centrale de la zone minéralisée.  Les brèches à ciment composé 
uniquement de quartz se situent à la périphérie nord du dôme tandis que 
les brèches à ciment d’hématite-magnétite±quartz dominent la partie 
centrale nord dans les formations d’Indian Cove et de York Lake.  La 
quantité d’hématite-magnétite dans les ciments augmente en montant 
dans la stratigraphie.  Les zones dominées par les brèches à hématite-
magnétite se caractérisent par une susceptibilité magnétique élevée. 
À l’indice du Mont-de-la-Brèche, une lentille de mudstone bréchifié, 
d’environ 200m de longueur et d’orientation Nord-Sud, coïncide avec 
une faille tardive de décrochement dextre.  Des veines de 
quartz±hématite±magnétite millimétriques à centimétriques, forment le 
stockwerk au pourtour de la lentille.  La densité des veines augmente 
graduellement dans le mudstone pour devenir un stockwerk bréchique 
où des fragments angulaires commencent à flotter dans les veines.  
Vers le centre de la lentille les fragments deviennent plus nombreux et 
plus petits.  Le ciment est composé de quartz à la périphérie de la 
lentille et d’hématite-magnétite massive au centre pour donner une 
zonalité similaire à la zonalité régionale. 
La relation spatiale des brèches avec les failles suggère fortement qu’il 
s’agisse de brèches tectoniques.  Cependant, certaines caractéristiques 
morphologiques indiquent que la fragmentation a été assistée par des 
fluides.  Il s’agirait donc de brèches tectoniques et/ou hydrauliques.  
Plusieurs processus ont pu jouer pour leur formation, dont la 
microdésintégration tectonique le long de plans de failles, et la 
fracturation hydraulique causée par des variations cycliques de la 
pression des fluides au sein des corps bréchiques.  L’association des 
brèches avec les failles et la présence de dykes qui recoupent les 
brèches indiquent que les brèches sont syn- à tardi-acadiennes. 
 
AN EXAMINATION OF THE SPATIAL VARIABILITY OF CO2 
IN THE PROFILE OF MANAGED FOREST SOILS  

BLACK, M., mblack@stfx.ca, KELLMAN, L. and BELTRAMI, 
H., Environmental Sciences Research Centre (ESRC), St. FX 
University, Antigonish, NS 

Process-based studies employing the use of soil CO2 profiles are 
becoming more common in soil-gas exchange studies.  While surface 
flux measurement techniques are probably more efficient for 
establishing surface soil CO2 exchange budgets, they provide limited 
information about the generation of this gas through depth making it 
difficult to quantify CO2 generated from different zones and soil C 
pools through time.  Subsurface concentration profiles coupled with 
estimates of soil diffusivity can provide additional information about 
where in the soil profile CO2 is being generated.  For point-specific 
studies this approach provides more insight into processes controlling 
CO2 production in soils through depth, which is useful in understanding 
how soil CO2 exchange processes in these ecosystems might be altered 
due to management regimes and climate change in the future. 
Very little information exists about spatial variability in subsurface 
concentrations within forested soils, although high spatial variability in 
soil CO2 flux estimates and the large variability in vegetation 
distribution and topography within sites would suggest that it might be 
very high.  In an effort to increase our understanding of the spatial 
variability and its association with landuse type, we monitored the soil 
CO2 profile at 4 depths (0, 5, 20 and 35cm) at 10 microsites in each of a 
recent clear-cut and an 80 year old intact mixed forest in the Acadian 
Forest of Atlantic Canada through the fall of 2004.  Microsites were 
approximately 10 meters apart and represented a range of within-site 
microtopographical conditions that can be expected to encompass 
extremes in soil CO2 profile patterns.  Preliminary results indicate 
predictable patterns in concentration profiles through depth, with clear 
patterns of increasing CO2 concentration with depth, consistent with a 
large soil source of CO2.  However there is significant variability in the 
soil carbon profile between microsites in the clear-cut and intact forest 
sites.  Variation in this concentration profile and relationships between 
microsite conditions will be examined in order to determine whether 
distinct microsite patterns can be identified and in an effort to comment 
upon the utility of this method for providing process-based versus soil 
C exchange budgeting information at forested sites. 
 

3-D MULTIBEAM MAPPING REVEALS GEOLOGICAL 
PROCESSES ASSOCIATED WITH FLUTED SEABED, 
POCKMARKS, MUD VOLCANOES, DEEP WATER ICE 
SCOURS AND SLUMP FEATURE IN THE BEAUFORT SEA–
AMUNDSEN GULF  

BLASCO, S.M., BENNETT, R., rbennett@nrcan.gc.ca, 
Geological Survey of Canada Atlantic, P.O. Box 1006, 
Dartmouth, NS, Canada, B2Y 4A2, HUGHES-CLARKE, J., 
Ocean Mapping Group, Dept of Geodesy and Geomatics 
Engineering, University of New Brunswick, P.O. Box 4400, 
Fredericton, NB, Canada, E3B 5A3, BARTLETT, J., Canadian 
Hydrographic Service, Ocean Mapping Group, University of New 
Brunswick, P.O. Box 4400, Fredericton, NB, Canada, E3B 5A3, 
and SHEARER, J.M., J. Shearer Geological Consulting, 24 
Wendover Ave., Ottawa, ON, Canada, K1S 4Z7 

During the summers of 2003-04, the research icebreaker CCGS 
Amundsen and coastal vessel CCGS Nahidik were used to collect 
digital, georeferenced marine geophysical data in the Beaufort Sea and 
Amundsen Gulf as part of the Beaufort Shelf seabed stability and 
Canadian Arctic Shelf Exchange Studies (CASES).  A 30 kHz 
Kongsberg-Simrad EM300 multibeam echosounder and 3.5 kHz 
Knudsen 320R subbottom profiler were hull mounted on CCGS 
Amundsen.  A 300 kHz Kongsberg-Simrad EM3000 multibeam 
echosounder was mounted on a launch on CCGS Nahidik which towed 
a 4 kHz Seistec subbottom profiler.  Multibeam and subbottom 
profilers on each ship were used in combination for high-resolution 3-D 
mapping of seabed features. 
Streamlined fluting and crag-and-tail features in about 400 m of water 
on the bottom of Amundsen Gulf are on strike and similar in 
morphology to features on Victoria Island to the east.  These features 
may be the product of a Laurentide ice stream or of high-velocity 
subglacial meltwater discharge.  Ice scours with irregular paths have 
been observed to water depths of 400 m.  Present day sea-ice pressure 
ridge keels scour to water depths of 55 m on the Beaufort Shelf.  Low 
stand late Pleistocene sea level would have allowed pressure ridge 
keels to generate ice scours to approximately 175 m.  The deep water 
events may be the product of iceberg calving from the retreating 
Amundsen Gulf ice stream.  A large scale 9 km wide and 60 m deep 
submarine slump scar located on the Beaufort Shelf edge in about 250 
m water depth may have occurred as a result of downslope creep 
failure.  A localized concentration of several hundred active pockmark 
craters on the Beaufort Shelf may be forming by episodic, explosive 
gas venting.  There is no evidence of collapse features around the 
craters.  Some previously identified pingo-like features on the Beaufort 
Shelf may be mud volcanoes.  Observed crestal methane venting 
associated with mud flows suggests seepage of gas, fluids and mud 
from depth. 
 
IN THE BEGINNING:  CANADIAN SHIELD AND EARLY 
CONTINENTAL CRUST  

BLEEKER, W, Geological Survey of Canada, 601 Booth Street, 
Ottawa, ON, K1A 0E8, wbleeker@nrcan.gc.ca 

North America is a large continent and much of it is geologically 
ancient. Precambrian continental crust, stitched together by numerous 
accretion and collisional events, and long since stabilized into a 
"craton", underlies much of the continent.  It is exposed in the rocky 
terrain of the Canadian Shield, and underlies all of the platformal areas.  
Furthermore, Precambrian crust extends as basement underneath much 
of the younger orogenic belts that fringe the continent. 
This presentation will provide a general overview of the development 
of this ancient crust, within the context of Earth’s secular evolution.  
Starting with the oldest intact rocks, the ca. 4.03 Ga Acasta gneisses of 
the Slave craton, it will track the progressive, but far from linear 
growth of the Precambrian craton, highlighting major orogenic events 
along the way. 
The fundamental architecture of the North American craton resembles 
that of "Russian dolls"—i.e. a fractal arrangement though space and 
time of nested fragments of ancient crust, preserved in progressively 
younger and larger fragments, each fragment being only part of a much 
larger global tectonic system.  This "Russian doll" architecture is 
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naturally explained by plate tectonics sensu lato, i.e. the break-up, 
horizontal translation, rearrangement, and final collisional stitching of 
disparate pieces of crust, each piece with its own ancestral lineage.  
Major Archean building blocks of the Canadian Shield are mere 
fragments of larger ancestral landmasses ("supercratons"), and much of 
Precambrian North America is a mere fragment of Earth’s first true 
"modern" supercontinent, Nuna, which was amalgamated between ca. 
2.0 and 1.8 billion years ago. 
Undergoing further growth, and poorly known (global) rearrangements, 
Nuna evolved into a next supercontinental aggregation—ca. 1 billion 
year old Rodinia.  Rifting and break-out of the North American 
Precambrian craton from the core of Rodinia exposed its margins and 
set the stage for the development of the fringing Appelachian and 
Cordilleran orogenic systems, the final "growth rings" that were added 
to the North American continent. 
 
AGRASID "WEB-BASED" VIEWER:  ACCESSING ALBERTA 
SOILS INVENTORY INFORMATION ON THE INTERNET  

BOCK, M.D., bockm@agr.gc.ca, and BRIERLEY, J.A (Tony), 
Agriculture and Agri-Food Canada, #206 J.G. O'Donoghue Bldg., 
7000 113 St., Edmonton, AB, T6H 2C6 

Soil surveys have been conducted in Alberta since the 1920's.  
Agencies responsible for these activities were Agriculture and Agri-
Food Canada, the Alberta Research Council, and the University of 
Alberta.  The result of these endeavours was the production of over 70 
maps and reports describing the distribution of soils within Alberta at 
different map scales and in different formats (legends, map symbols, 
etc.).  In the 1970's, advances in computer technology expanded into 
the world of soil survey.  Development of GIS technology initiated 
activities involving the storage of soils and landscape information in 
standardized formats and subsequent opportunity to analyze and 
present this information within a digital spatial framework.  In Alberta 
during the 1990's, a major project was initiated under the Canada-
Alberta Environmental Sustainable Agriculture (CAESA) agreement.  
The goal of this project was the development of a standard and 
seamless soil landscape database for the agricultural region of Alberta.  
The spatial information was registered to the provincial 1:20,000 digital 
base map.  In 1998 AGRASID (the Agricultural Region of Alberta Soil 
Database) was released on CD-ROM.  Since its initial release, 
AGRASID has undergone a number of modifications, including most 
recently the provision of AGRASID through the "Web-based" Alberta 
Soil Information Viewer.  The user may now view and query soil data 
for the 26 million ha within the agricultural region of Alberta, without 
the need for having any specific GIS software resident on their personal 
computer system.  The AGRASID polygons are spatially referenced to 
provincial cadastral base information.  In addition to providing the 
AGRASID soils and landscape information, the viewer has a number of 
"value added" features not previously included.  These features include 
an ortho photolayer and verbal and visual representations describing the 
distribution of soils and landscape attributes within a soil landscape 
polygon. 
 
RE-MAPPING THE NORTHERN SUPERIOR – TRANS-
HUDSON BOUNDARY BY USING NEWLY ACQUIRED HIGH-
RESOLUTION AEROMAGNETIC DATA  

BÖHM, C.O., CORKERY, M.T, ZWANZIG, H.V, LENTON, 
P.G., Manitoba Geological Survey, 360-1395 Ellice Avenue, 
Winnipeg, MB, R3G 3P2, cbohm@gov.mb.ca, CORRIGAN, D., 
COYLE, M. and THOMAS, M., Geological Survey of Canada, 
615 Booth Street, Ottawa, ON, K1A 0E9 

In spring 2004, approximately 30,000 line kilometres of high-resolution 
aeromagnetic data were acquired over an area covering part of the 
northern Superior – Trans-Hudson boundary in Manitoba.  The survey 
was funded by Natural Resources Canada’s Targeted Geoscience 
Initiative 2003-2005 and the Manitoba Geological Survey, and resulted 
in the publication of a series of 1:50,000 scale residual total field and 
vertical gradient aeromagnetic maps in fall 2004.  The main objective 
of this project was to provide high-resolution geophysical imaging to 
assist in furthering our understanding of the tectonostratigraphy and 
crustal architecture of this economically important but poorly exposed 

portion of the Superior Boundary Zone (SBZ).  Due to a thick glacial 
sediment cover, half of the survey area has no bedrock exposed, and the 
other half of the area only about 1-5% bedrock exposure.  The results 
of this project provide fundamental information outlining the extent and 
distribution of the various crustal segments along the SBZ, including 
Meso- and Neoarchean rocks of the Superior Province, 
Paleoproterozoic rocks related to the Trans-Hudson Orogen, and 
remnants of Paleo- to Mesoarchean rocks of the Assean Lake crustal 
complex.  The survey area is of great economic interest for nickel and 
PGE exploration because it closes the gap between the better exposed 
portions of the Thompson Nickel Belt and the Fox River Belt.  In 
addition, the survey area has a potential for shear-hosted gold and 
diamondiferous kimberlites based on present exploration programs at 
Assean Lake and in the northern Superior Province. 
The new aeromagnetic data complements ongoing collaborative 
geoscience projects on the SBZ led by the Manitoba Geological 
Survey, university partners and the Geological Survey of Canada.  
These projects apply isotope geochemical and geochronological tools 
combined with detailed lithological and structural remapping of the rare 
bedrock exposures and company drill core.  A preliminary assessment 
of the published geological maps for the area suggests that important 
modifications can be made in light of the new aeromagnetic data.  For 
example, the additional crustal fabric detail provided by the high-
resolution survey allows a better or new definition of local and regional 
structures; refolded, complex fold structures were likely tightened 
during Trans-Hudson reactivation, and fold limbs have been sheared 
along the regional deformation zones.  Such structural interpretations 
provide new testable models on the Trans-Hudson – Superior 
collisional geometry.  This presentation will highlight some of the new 
findings and hypotheses generated by using high-resolution 
aeromagnetic data as a remote predictive mapping method. 
 
THE ANNAPOLIS VALLEY – A COMPLEX GLACIAL 
HISTORY THAT BEARS ON GROUNDWATER RESOURCES  

BOLDUC, A.1, andree.bolduc@nrcan.gc.ca, PARADIS, S.J.1, 
STEA, R.R.2, PULLAN, S.3,1 and ROSS, M.4,  1 Commission 
géologique du Canada, 490, rue de la Couronne, Québec, QC  
G1K 9A9;  2 Nova Scotia Department of Natural Resources, 1701 
Hollis Street, PO BOX 698, Halifax, NS, B3J 2T9;  3 Geological 
Survey of Canada, 601 Booth St., Ottawa, ON, K1A 0E8;  4 

INRS-ETE, 490, rue de la Couronne, Quebec, QC G1K 9A9 
As part of a regional hydrogeology mapping project by the Geological 
Survey of Canada, we have revisited the Quaternary successions 
located in the Annapolis Valley of Nova Scotia.  Detailed mapping in 
the valley is necessary to clarify aspects of its glacial-deglacial history.  
It is also crucial to understand the 3D architecture of the surficial 
deposits as it impacts directly on groundwater recharge and natural 
protection of the bedrock aquifer.  The Annapolis Valley, tucked 
between North and South Mountains, has had a complex glacial - 
deglacial history that relates to the overall regional story of Nova 
Scotia.  The first ice flow recognized in the valley, associated with the 
Late Wisconsinan glacial maximum, is southward (Escuminac phase).  
This is recorded on outcrops on both North and South Mountains but is 
absent from the soft rocks of the valley floor.  Ice flow reversals have 
been documented as Nova Scotia-based ice caps in the Maritimes begin 
to flow independently during the Scotian phase.  The event is recorded 
by north-trending striae on South Mountain, as well as by the presence 
of South Mountain erratics on North Mountain.  Finally, the Chignecto 
phase (westward lateglacial ice streaming) is recognized in the 
Annapolis Valley by west trending landforms partly buried under 
marine and/or glaciolacustrine clay and by the presence of a few 
scattered striae observed on the flanks and top of the surrounding 
mountains.  The western end of the valley has a well-defined marine 
limit at 30-40 m ASL but the eastern end is less well defined.  Small 
erosional benches have been identified in the eastern part of the valley, 
which has yet to be fully evaluated in terms of marine limit.  The 
surficial story is supplemented by limited subsurface information.  
Evidence of probable buried valleys is found in borehole data and these 
were the target of geophysical investigations.  We have not yet been 
able to resolve the stratigraphy in those valleys, one issue being that the 
velocity of the altered bedrock (Wolfville Formation) is similar to the 
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velocity of the local till, making it hard to distinguish them using 
seismic methods.  Nonetheless, all the data acquired will be used to 
build a 3D geologic model for the Valley, surficial and bedrock, that 
will serve as the basis to understand groundwater flow, recharge and 
natural protection.  This model will also serve as a decision making tool 
for groundwater management by various stakeholders. 
 
UPPER DEVONIAN AND LOWER CARBONIFEROUS 
CARBONATE PLATFORMS IN WESTERN MOESIA, 
BULGARIA  

BONCHEVA, I.A, Geological Institute-Bulgarian Academy of 
Sciences, Sofia, Bulgaria, 1113, boncheva@geology.bas.bg, 
YANEV, S.N, snyanev@geology.bas.bg, and LAKOVA, I.C., 
Geological Institute, BAS, G.Bonchev str.bl.24, 
lakova@geology.bas.bg 

In terms of geomorphology, the Moesian Plate includes the plain areas 
in North Bulgaria and South Romania as well as South Dobrudja.  The 
basement of the Moesian Plate is subdivided into a western, 
Wallachian, and an eastern, Dobrudjan block, separated by the Intra-
Moesian Fault.  This NW -trending fault was introduced based on the 
different development of the Paleozoic. 
The Moesia is considered as a microplate with a Cadomian basement 
and a folded Paleozoic and Mesozoic sedimantary cover.  There is a 
complete marine sequence from Ordovician to Visean covered 
unconformably by continental Upper Carboniferous and Permian. 
Two Paleozoic carbonate platforms (s.s. = wave-beach platforms) are 
determined on the territory of Western Moesia formed in Late 
Devonian and Early Carboniferous time.  The long-durated Devonian 
carbonate sedimentation demonstrates varieties in the bathimetry and in 
the microfacial diversity.  The general trend is to shallow water 
conditions.  Laterally, this trend leads to breaks in sedimentation, wash 
outs and in the Late Devonian to a typical carbonate platform.  The 
Devonian complex in Western Moesia is characterized by particular 
diversity of carbonate low-energy and high-energy varieties and by 
sulphates.  Diverse faunas of brachiopods, bivalves, corals, conodonts, 
ostracods, foraminifers, algae occur. 
After the Devonian shallowing, deep wash outs appeared locally 
affecting the Middle Devonian.  Typical carbonate platform developed 
again in the Late Tournaisian to Early Visean.  The carbonate rocks of 
the Lower Carboniferous are much more monotonous, with moderate 
thicknesses and are rich in fossils such as foraminifera, conodonts and 
algae. 
Conodont fauna from boreholes in Western Moesia gives convincing 
information about the biostratigraphy, palaeoenvironmental conditions, 
tectonic events and reversed sequences in the sedimentation.  Based on 
lithological and conodont evidence lateral changes of the Middle 
Devonian to Early Carboniferous basin is demonstrated. 
 
GIS IN THE EARTH SCIENCES:  RETROSPECT AND 
PROSPECT  

BONHAM-CARTER, G.F, Geological Survey of Canada, 601 
Booth St., Ottawa, ON, K1A 0E8 gbonhamc@nrcan.gc.ca 

Commercial Geographic Information Systems have now been around 
for about 20 years, their application in the Earth Sciences growing 
steadily as shown by statistics from GeoRef.  Over this period 
developments in hardware and software catalyzed a revolution in 
spatial data handling that has drastically changed the geological 
workplace.  We can now download and manipulate maps, images and 
attribute data on laptops, a feat unthinkable just a few years ago.  Some 
of the GIS functions that stand out are: combination of data from 
multiple sources, such as vectorized maps, gridded images and spatially 
located point data with attributes; visualization and query of complex 
spatial data; extraction and enhancement of information from spatial 
data; and prediction of spatial phenomena based on multiple data 
sources using models.  These functions have enabled and facilitated 
applications of GIS to mapping, mineral exploration, hazard research, 
groundwater, terrain analysis, site selection, environmental change, and 
a host of others. 

Some of the highlights among current and future developments in GIS 
include the following.  Advances in sensors and GPS, and the 
technology of data transmission offer innovations in data capture.  
Developments in spatial data models, particularly as related to objects 
traditionally recorded on geological maps, coupled with standards for 
spatial data will greatly improve the usability of digital map data.  
Advances in the new area of ‘georeasoning’, often based on concepts 
developed in the computer science field of computational intelligence, 
are making significant headway.  Three-dimensional GIS, with 
advances in visualization and algorithms for analysis, is making great 
strides.  The improvements in coupling of GIS with statistical and 
simulation models with high level scripting languages will facilitate 
spatial analysis.  Web based GIS processing is still in its infancy, but 
greater transmission speeds will soon make remote processing on 
multiple machines practical. 
Some of the roadblocks to effective GIS use are lack of data standards, 
inadequate spatial data models, and inadequate training in GIS in many 
Earth Science curricula.  But whether or not these barriers overcome, 
we can confidently predict that the next 20 years will see GIS 
technology become more like today’s spreadsheets: user friendly, 
ubiquitous and labour saving, as well as analytically powerful. 
 
INCIPIENT COLLAPSE IN VOID UNDERGROUND 
QUARRIES:  AN ANALOGUE TO MAGMATIC STOPING 
PROCESS  

BONIN, B. and BÉBIEN, J., Université de Paris-Sud, 91405 
ORSAY CEDEX (France) bbonin@geol.u-psud.fr 

The term 'magmatic stoping' was coined by Daly for the mode of 
emplacement of the Mt. Ascutney (Vermont, USA) ring complex, by 
reference to stoping in an underground mine, where ore is removed 
progressively from lower to upper levels.  Magmatic stoping involves 
detaching and engulfing of country rocks, the engulfed material 
presumably sinking downward and/or being assimilated, and can 
operate only within brittle formations, i.e. the upper crust at shallow 
depths.  As for underground quarries, most of them, after having been 
worked, are subsequently filled up, but some galleries remain void and 
stabilized by preserved columns.  In this respect, they resemble shallow 
magma chambers, in which air replaces the silicate liquid and yields no 
temperature contrasts with country rocks.  At the roof of the quarry, 
various sets of joints favour dismembering followed by gravitational 
collapse of discrete layers of competent materials.  After the roof is 
ruptured, parts of it sink down either by simple translation, or with 
some component of rotation.  Outward-dipping faults, open above the 
boundary walls, create void space, mimicking Anderson's bell-jar ring 
faults and caldron subsidence.  If such ring faults remain subterraneous, 
void cavities resembling ring structures are formed above the quarry.  If 
they reach the surface, they induce caldera-like circular structures by 
complete collapse of the formations, the amount of movement observed 
at the surface being less than the thickness of the void underground 
quarry.  The combination of ring-structure at shallow depth and caldera 
at the surface, formed by repeated and/or progressive subterraneous 
subsidence within the void underground quarry, is strongly reminiscent 
of processes operating in shallow silicic systems, though, in the latter 
case, the fluid is by far more viscous and its temperature is higher than 
in country rocks.  As a note of caution, it should be emphasized that, if 
incipient downward sinking of blocks within magmas is obvious, 
stoping processes could be, at least partly, unsuccessful and, therefore, 
that related phenomena, such as contamination and assimilation, could 
be more reduced than commonly assumed.  In other words, perfect 
stoping would imply no stoping features observable in the field. 
 
SORPTION OF XENOBIOTICS TO SOIL AND SOIL 
FRACTIONS  

BONIN, J.L., julia.bonin@utoronto.ca, and SIMPSON, M.J., 
University of Toronto at Scarborough, 1265 Military Trail, 
Toronto, ON, M1C 1A4, myrna.simpson@utoronto.ca 

Xenobiotic interactions with soils are problematic due the strong 
binding and slow release rates which increases their persistence in the 
environment.  The controlling mechanisms behind xenobiotic sorption 
are not well understood.  A better comprehension of such processes 
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would improve remediation techniques, facilitate passive removal of 
xenobiotics via bioremediation and improve toxicity assessments of 
contaminated soils.  This study investigates the sorption of xenobiotics 
to an array of soil types with the intent to better understand the sorption 
mechanisms.  Humic acid and humin fractions were isolated from each 
soil sample and sorption coefficients were obtained using a batch 
equilibration method.  All samples were analyzed using high 
performance liquid chromatography (HPLC) and sorption coefficients 
were normalized to the soil organic carbon content.  Characterization of 
samples were conducted using elemental analysis and cross 
polarization magic angle spinning (CPMAS) 13C nuclear magnetic 
resonance (NMR).  Mass balance calculations were also performed to 
try and reveal differences between extracted soil fractions and the 
whole soil to determine if physical conformation of organic matter at 
the soil-water interface plays a role in sorption reactions.  It is 
hypothesized that sorption coefficients will be proportional to the 
organic matter chemical characteristics.  In addition, it is expected that 
physical conformation of organic matter will play a role in the 
xenobiotic-soil interactions.  This research aims to provide insight into 
sorption processes such that remediation and risk assessment can be 
performed with certainty. 
 
SHRIMP U-Pb GEOCHRONOLOGICAL CONSTRAINTS ON 
THE GRANULITE-FACIES VOLCANIC-HOSTED 
HYDROTHERMAL SYSTEM, LA ROMAINE, EASTERN 
GRENVILLE PROVINCE, QUÉBEC  

BONNET, A-L, INRS-ETE, 490 rue de la couronne, Québec, QC, 
G1K 9A9, abonnet@nrcan.gc.ca, VAN BREEMEN, O., 
Geological Survey of Canada, Natural Resources Canada, 601 
Booth Street, Room 473, Ottawa, ON, K1A 0E8, and 
CORRIVEAU, L, Geological Survey of Canada, Natural 
Resources Canada, 490 rue de la couronne, Québec, QC, G1K 
9A9 

The 1.5 Ga La Romaine Supracrustal belt of the eastern Grenville 
Province host an extensive cupriferous VHMS-type hydrothermal 
system among a felsic-dominated volcanic and pyroclastic sequence 
formed in a subduction-related setting.  Extrusion of volcanic rocks 
preceded by a few million years emplacement of a sub-volcanic 
granitic batholith, a geological context able to sustain large-scale 
hydrothermal cells.  The hydrothermal system and its host volcanic 
rocks records a complex post-mineralization history of regional 
granulite-facies metamorphism, deformation and magmatism.  
Alteration halos comprise rocks diagnostic of advanced argillic 
alteration (sillimanite-garnet-cordierite gneiss), silicification (quartz-
cordierite gneiss), sericite alteration (quartz-muscovite-sillimanite-iron 
oxide nodules or veins) and of a heterogeneous layered Ca-Fe/Mn 
alteration interpreted as a fluid discharge zone (calc-silicated rocks, 
garnetite, ironstone).  Strong hydrothermal leaching (advanced argillic 
and silicification) occurs preferentially within felsic-dominated 
pyroclastic units and leaves a Si-Al residue with locally well-preserved 
lapillis textures.  Textural preservation is attributed to permeability 
differences between the highly porous matrix and the more rigid lapillis 
composing the pyroclastics.  This feature may indicate that the 
hydrothermal activity is coeval with the pyroclastic event.  A leached 
lapillistone has SHRIMP II zircon U-Pb depositional age of 1516 ± 21 
Ma.  This date is therefore interpreted to be a maximum age for the 
hydrothermal activity.  The fluid discharge is achieved along the 
permeable contact zone between the felsic-dominated volcanic 
sequence and the overlying amphibolite unit of uncertain volcanic or 
intrusive origin and occurs among the latter.  The mafic and carbonated 
rocks composing Ca-Fe/Mn alteration zone conceal two morphological 
groups of zircon: a group characterized by homogeneous grains of 
metamorphic origin and a distinctive group with inclusions-rich cores 
surrounded by well-developed metamorphic rims.  The morphology 
and chemistry of these cores are consistent with their growth or 
resetting in a hydrothermal environment.  Data from zircon rims and 
metamorphic zircons yield an age of 1029 ± 16 Ma interpreted as the 
date for the regional granulite-facies metamorphism.  Zircon 
inclusions-rich cores display near concordant ages ranging from 1.32 
Ga to 1.06 Ga, indicating a severe pre to syn-metamorphic resetting. 
 

STRUCTURAL CONTROLS ON THE CARBONATE-HOSTED 
LISHEEN AND GALMOY Zn-Pb OREBODIES, SOUTH-
CENTRAL IRELAND  

BONSON, C1, CARBONI, V.1, WALSH, J1, BOWDEN, A.2, 
GUVEN, J.3, MCDERMOTT, P.3, STEWART, D2 and WHITTY, 
S.3,  1 Department of Geology, University College Dublin, Dublin 
4, Ireland;  2 The Lisheen Mine, Killoran, Ireland;  3 ARCON 
Mines, Galmoy, Thurles, Ireland 

Mineralisation at Lisheen and Galmoy occurs dominantly as 
replacements of Courceyan-aged carbonates, forming stratabound 
lenses at the base of a regionally dolomitised limestone and minor 
stratabound and fault-hosted mineralisation in an underlying sequence 
of argillaceous limestones.  The deposits occur between major ENE-E 
trending, north-dipping normal fault arrays with displacements in the 
order of 200m.  Stratigraphic constraints indicate that these fault 
systems initiated in the Late Courceyan.  Although they appear to have 
been originally isolated, these fault systems are now linked by large-
scale intervening relay ramps (ca. 500-2500 m wide) containing related 
minor normal faults with variable trends.  These minor faults often 
bound individual ore lenses or high-grade pods within the deposit area. 
The main ore bodies of the Lisheen and Galmoy deposits are bounded 
to the south-east by the Rathdowney Fault System.  This system 
consists of a kinematically coherent, en-échelon array of E-W trending, 
north-dipping fault segments with maximum throws of ca. 220 metres.  
In general, segments are linked by left-stepping relay zones (450 to 500 
m wide) with generally intact relay ramps.  However, significant 
smaller-scale lateral and vertical segmentation along segments is 
accompanied by the formation of relay zones (up to 150 m wide), 
which breached at an early stage and are now characterised by fault-
bounded lenses of densely faulted and brecciated rocks.  The thicker 
and higher-grade ore-lenses are generally found within these breached 
relays. 
Ore textures and cross-cutting relationships indicate that main-stage 
mineralisation is essentially post-faulting.  Ore distributions 
demonstrate the important role of faulting, and related segmentation, in 
both the migration and trapping of metal-bearing fluids.  Grade 
distribution patterns and thickness contour maps suggest that upward 
flow of the metal-bearing fluids was largely restricted to the strongly 
deformed and brecciated, within-segment, breached relays along the 
Rathdowney Fault System, rather than the intact relays between 
segments, which remained essentially un-mineralised.  By contrast, 
minor faults within the deposit often bound individual ore lenses or 
high-grade pods, a feature which suggests that not only were these 
faults important controls on lateral flow but they could also act as traps 
to mineralising fluids.  This localised trapping is attributed to the 
presence of clay material (usually solution seams) along slip surfaces, 
which either prevented or retarded across-fault fluid flow. 
 
PETROGENESIS AND DEPOSITIONAL HISTORY OF 
SEDIMENTARY ROCKS OF THE NORTH SPIRIT LAKE 
BASIN, NORTHWESTERN ONTARIO  

BOSMAN, S.A., NESBITT, H.W and YOUNG, G.M., 
Department of Earth Sciences, University of Western Ontario, 
London, ON, N6A 5B7, sabosman@sympatico.ca 

The North Spirit Lake greenstone belt is located in the Superior 
Province along the southern boundary of the Sachigo subprovince.  
Study of Archean volcano-sedimentary sequences in the North Spirit 
Lake greenstone belt permits construction of a depositional model of 
the basin.  Recent field studies support a re-evaluation of the 
stratigraphy and necessitate changes to the depositional history. 
In several areas, the sedimentary rock sequences display a similar 
stratigraphy, typified by lower volcanic and volcaniclastic rocks and 
upper siliciclastic rocks.  These similar stratigraphic sequences are 
displayed in an anticline that runs east/west to northeast/southwest.  
The anticlinal structure is identified through sedimentary structures that 
display tops in opposing directions.  On the south side of the anticline, 
the lowest stratigraphic member is a volcanic unit containing pillowed, 
bedded, massive and/or variolitic basalts, representing subaqueous 
volcanism.  The basalts are overlain by a few meters of fissile, 
tuffaceous sediments, indicating continuing volcanic influence on 
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deposition.  Stratigraphically above the tuffs is a carbonate unit that is 
<50m thick.  The bottom portion of this carbonate unit is characterized 
by parallel–stratified, interbeds of carbonate and phyllite that together 
display a ribbed texture on the weathered surface.  The upper part of 
this carbonate unit contains dm-scale, carbonate–rich turbidites and 
fissile phyllitic beds containing volcanic material, again implying 
continued volcanic influence.  A second m-scale, tuffaceous bed 
overlies the carbonate unit and marks the transition from volcanism to 
siliciclastic sedimentation.  Several 10’s of meters of massive, black 
shale are present immediately above the tuffaceous unit, probably 
representing an energy-poor, deep marine environment.  Above the 
shale, is a thick package of sandy turbidites (>200m) representing a 
period of instability with sporadic rapid influx of sediment.  Individual 
beds are dm to m in thickness and generally consist of a coarse to 
medium grained sandstone base and a laminated mudstone top.  
Internal structures such as grading and ripple cross-stratification are 
common. 
On the north side of the anticline a similar stratigraphic sequence is 
observed.  The thick package of sandstone turbidites present in the 
sequence on the south side of the anticline is, however, replaced by 
para- and orthoconglomerates.  This suggests a lateral facies change 
which can be best explained by deposition in a submarine fan 
environment.  The conglomerates represent proximal submarine 
channel deposits and the sandstone turbidites represent more distal 
deposits. 
 
ACIDIFICATION OF A WHITE SPRUCE ECOSYSTEM IN 
EASTERN CAPE BRETON ISLAND  

BOUMAN, O.T., University College of Cape Breton, Sydney, 
NS, B1P 6L2, Thomas_Bouman@uccb.ca 

Spruce forests are known to be very effective in filtering atmospheric 
sulfur dioxide and become destabilized by the ensuing soil 
acidification.  However, the rate of acid deposition and the magnitude 
of associated soil acidification have not been monitored in eastern Cape 
Breton Island.  An ecosystem monitoring plot was established near 
Sydney, in a mature white spruce stand on a Shulie soil in 2003.  The 
plot provides for an assessment of the acid rain problem at the level of 
input, top soil, sub soil and run off.  Following a soil chemical 
inventory of one hectare spruce forest in April 2003, four monitoring 
stations within a representative area of 20 m by 20 m, were equipped 
each with a cup for bulk sampling of throughfall water and two 
lysimeters for soil water extraction at a depth of 15 cm and 45 cm, 
respectively.  Rainwater was collected in two open areas outside the 
forest.  The brook draining the forest and surrounding wetland was also 
sampled.  Water samples were collected eight times between April 
2003 and November 2004.  Results indicate that the problem of acid 
rain is present in eastern Cape Breton Island.  Canopy passage lowered 
average rainwater pH from 4.7 to 4.2 with a concomitant increase of 
sulfate from 2.2 ppm to 8.3 ppm.  Top soil solution pH was 3.9 
increasing to 4.5 in the sub soil.  Aluminum sharply increased in soil 
solution when pH dropped below 4.2.  Thus, incipient soil acidification 
due to acid rain set free aluminum in the top soil but the potentially 
toxic metal diminished due to base cation exchange at lower soil depth.  
High sodium concentrations in rainwater and throughfall were closely 
related to sulfate values.  This would suggest high inputs of saline 
oceanic spray with the potential to cause a salt effect in the top soil 
chemistry.  Nitrate was very low in most water samples.  The 
brookwater chemistry fluctuated with the pH repeatedly dropping 
below 5 when sulfate contents increased during events of high run off. 
 
A HISTORY OF THE UNDERSTANDING OF THE 
GEOLOGICAL SETTING OF THE GALMOY ZINC-LEAD 
DEPOSITS, COUNTY KILKENNY IRELAND  

BOWDEN, A.A., GATELY, J, MCDERMOTT, P, Arcon PLC, 
Galmoy, Crosspatrick, County Kilkenny, Ireland, and BONSON, 
C, Department of Geology, University College Dublin, Dublin 4, 
Ireland, Gerry.Stanley@gsi.ie 

The Galmoy deposits are replacement bodies of massive and 
disseminated zinc-lead sulphides hosted within the base of the 
(dolomitised) Waulsortian Limestone Formation of Lower 

Carboniferous age within the southeastern midlands of Ireland.  They 
now support the Galmoy Mine, which currently employs c.200 and 
produces c.700,000 tonnes of ore per year at a head grade of c. 13% Zn 
and 4.5% Pb.  Before the original discovery of the CW Orebody in 
1986 the geological map of the area, based upon a few outcrops, 
showed an unbroken succession of limestones and dolomites gently 
younging to the southeast.  Drilling of the second orebody, the G 
Orebody in 1986/7, revealed it to be emplaced on the northern down-
thrown side of an east-west trending normal fault.  The genetic 
importance of structure was established from the outset.  Since 1986 
through further exploration, and since 1997 through mining, ideas on 
both the regional structural geology and the detailed structural history 
have developed.  These developments are described.  Although still ‘a 
work in progress’ the latest synthesis of the structure and structural 
history is presented. 
 
CONSTRAINING THE ASSEMBLY OF THE 
NORTHWESTERN SUPERIOR PROVINCE:  THE 
POLYMETAMORPHIC HISTORY OF THE SPLIT LAKE 
BLOCK, MANITOBA  

BOWERMAN, M.S, bowerman@ualberta.ca, HEAMAN, L.M. 
and CHACKO, T., University of Alberta, 1-26 Earth Sciences 
Building, Edmonton, AB, and BOHM, C.O., Manitoba Industry, 
Economic Development, and Mines, 360-1395 Ellice Ave, 
Winnipeg, MB, R3G 3P2 

The current model for the formation of the southern Superior Province 
is based on the southward accretion of superterranes during the 
Neoarchean.  A wealth of new research results from the Northern 
Superior superterrane (NSS) has identified ancient Mesoarchean crust 
and a complex, polymetamorphic Neoarchean history. 
The Split Lake block (SLB) is a shear-bounded crustal block at the 
margin of the NSS dominated by felsic Meso- and Neoarchean 
orthogneisses with abundant mafic rafts and limited exposures of mafic 
granulites and supracrustal units.  Three major episodes of 
metamorphism have been identified in the SLB on the basis of field and 
petrographic observations.  The earliest preserved episode of 
metamorphism is upper-amphibolite to granulite grade (M1a).  The 
second episode reached granulite grade (M1b) and was overprinted by 
a younger upper amphibolite grade event (M2).  Near the Superior 
Province boundary, all lithologies have a Paleoproterozoic greenschist 
facies overprint (M3).  The only age constraints that exist are from 
metamorphic zircon in felsic plutons as well as zircon in partial melts 
related to the M1b event.  The earliest episode of metamorphism (M1a) 
is thought to have occurred at 2705 ±2 Ma, followed by (M1b) at 2695 
Ma, and (M2) at 2620 Ma. 
Samples of mafic granulite, high-grade aluminous iron formation 
(garnetite), and metasediment were collected across the SLB to obtain 
quantitative thermobarometric information.  Preliminary results from 
these samples has yielded a range of pressures and temperatures near 7 
kbar and 820 °C, which are similar to P-T conditions estimated for 
much of the nearby Pikwitonei Granulite Domain.  A number of 
approaches have been taken to determine the timing of high-grade 
metamorphism.  These include chemical U-Th-Pb dating of monazite in 
metasedimentary units, U-Pb metamorphic zircon dating of mafic 
granulites and amphibolites.  At least three episodes of monazite 
growth have been identified in one garnetite sample at 2730 Ma, 2690 
Ma, and 2620 Ma. 
These data, along with comparisons with previous research in the 
northwestern Superior Province add to our understanding of the nature 
and timing of metamorphism in the SLB.  The oldest episode of 
metamorphism (M1a) in the SLB is most likely related to the initial 
stages of collision between the NSS and the North Caribou-La Grande-
Goudalie superterrane at ~2720 Ma.  The youngest high-grade 
metamorphic event in the SLB at ~2620 Ma (M2) is also recorded in 
the ancient Assean Lake crust and possibly reflects the accretion of 
another crustal block (possibly the Sask Craton) that was rifted away 
during the Paleoproterozoic at ~ 2.1 Ga. 
 
DIURNAL VARIATION IN NITROUS OXIDE EMISSION 
FROM A SASKATCHEWAN FIELD  
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BRAIDEK, J.T. and PENNOCK, D.J., Dept. of Soil Science, 
University of Saskatchewan, 51 Campus Drive, Saskatoon, SK, 
S7N 5A8, jeff.braidek@usask.ca 

Agriculture is the single greatest contributor of nitrous oxide (N2O) 
emissions in Canada; of the total 132 Gg N2O emitted from agriculture, 
70 Gg are direct soil emissions.  In upland agricultural fields, enhanced 
N2O emission rates are known to occur in response to:  1) the 
development of anaerobic conditions following precipitation events and 
the subsequent redistribution of water; and 2) fertilizer applications of 
N and C. 
However, our ability to properly scale the N2O flux over time is 
restricted by our current lack of knowledge about the diurnal 
fluctuation in N2O emissions, and their variation over the growing 
season.  Our ability to scale the N2O flux over space is restricted by our 
poor understanding of the daily and seasonal variations in flux from 
uncultivated wetland and wetland fringe sites within agricultural fields. 
This paper will present the results from a Saskatchewan field study 
designed to address these gaps in our knowledge.  Nitrous oxide 
emissions from multiple upland (cultivated) and wetland (uncultivated) 
points were intensively monitored over time (one to five days) 
following selected precipitation and fertilization events throughout the 
2004 growing season:  1) snowmelt and rainfall events; 2) water 
application to upland cultivated points; and  3) anhydrous ammonia 
fertilizer application.  The results of this study will help clarify the 
diurnal variation of nitrous oxide emissions and the seasonal pattern of 
these emissions under western Canadian field conditions. 
 
SPATIAL VARIATION IN GREENHOUSE GAS FLUXES ON 
GRASSLANDS OF HUMMOCKY TERRAIN IN 
SASKATCHEWAN  

BRAUN, M.D.1, mdb894@mail.usask.ca, BAI, Y1, 
yuguang.bai@usask.ca, MCCONKEY, B.2, 
mcconkeyb@em.agr.ca, ROMO, J.T.1, romo@sask.usask.ca, 
FARRELL, R.E.3, richard.farrell@usask.ca, and PENNOCK, D.3,  
1 Department of Plant Sciences, University of Saskatchewan, 51 
Campus Drive, Saskatoon, SK, S7N 5A8;  2 Semiarid Prairie 
Agricultural Research Centre, Swift Current, SK, S9H 3X2;  3 

Department of Soil Science, University of Saskatchewan, 51 
Campus Drive, Saskatoon, SK, S7N 5A8, 
pennock@sask.usask.ca 

Global climate change has been linked with increased greenhouse gas 
(GHG) emissions.  The objective of this study was to determine spatial 
variability of nitrous oxide (N2O), methane (CH4) and carbon dioxide 
(CO2) fluxes from the soil on a Northern Mixed Prairie in the Missouri 
Coteau in Saskatchewan to help managers decrease the impact of cattle 
production on global climate change.  Two treatments (spring mowing 
and control) were applied to 6 landscape elements (north concave, 
north convex, south concave, south convex, upland and depression).  
Gas fluxes were measured every 7-10 days during the growing season 
using closed chambers.  Soil properties, plant species composition and 
biomass production were also measured.  Soil N2O fluxes were low, 
averaging –0.58 ng N2O m-2 s-1.  The depressions had the highest soil 
CO2 emissions and the highest apparent CH4 consumption.  Carbon 
dioxide emissions were higher in the mowed treatment than in the 
control.  Spring mowing increased soil temperatures and therefore 
increased average CO2 emissions over control, averaging 31.5 and 27.7 
ìg CO2 m-2 s-1 respectively.  Mowing did not affect CH4 consumption, 
which averaged 10.6 ìg CH4 m-2 s-1.  Biomass and environmental data 
collected explain the effect of mowing and landscape element on GHG 
emissions.  Methane consumption by native grassland will partially 
offset CH4 produced by the cattle industry.  Retaining sufficient total 
standing crop is the key to maintaining net productivity, protecting soil 
water from evaporation, reducing soil temperature and reducing CO2 
emissions. 
 
GEOCHRONOLOGICAL STUDIES IN THE LONG RANGE 
MOUNTAINS OF SOUTHWESTERN NEWFOUNDLAND  

BREM, A.G1, agbrem@uwaterloo.ca, DAVIS, D.W.2, 
MCNICOLL, V.J.3, LIN, S.1 and VAN STAAL, C.R.3,  1 

University of Waterloo, 200 University Avenue West, Waterloo 

ON, N2L 3G1;  2 University of Toronto, 22 Russell Street, 
Toronto ON, M5S 3B1;  3 Geological Survey of Canada, 601 
Booth Street, Ottawa ON, K1A 0E8 

In the Long Range Mountains of southwestern Newfoundland there are 
three tectono-stratigraphic units: the Humber Zone, the Dashwoods 
subzone, and the Notre Dame subzone.  These units were juxtaposed 
during the Palaeozoic, and are separated by high-strain zones, the 
Cabot Fault Zone and the Little Grand Lake Fault.  Previous workers 
have demonstrated that each unit has distinct characteristics in 
lithology, metamorphic grade, and style and timing of deformation.  
Unresolved problems include: the timing of regional deformation, 
correlation of deformational events across the tectonic zones, and the 
sequence of deformation within the tectonic zones.  One of the tools 
used to unravel the Palaeozoic tectonic evolution of this region is U/Pb 
geochronology on several critical litho-tectonic units, the results of 
which are presented here. 
A tonalite pluton in the internal Humber Zone (Disappointment Hill 
Complex) closely resembles the Ordovician Southwest Brook 
Complex, but yielded a U/Pb zircon age of 606.3 ± 1.5 Ma.  This age is 
contemporaneous with the Hare Hill Complex (syenitic affinity) and 
the Round Pond granite.  Intrusion into the Mesoproterozoic basement 
of the Humber Zone is corroborated by a sample of gneissose granite, 
which yielded a lower intercept of 604 Ma and an upper intercept of ca 
1508 Ma.  Thus, pre-rift Vendian magmatism is restricted to the 
internal Humber Zone, and is differentiated (syenite to tonalite). 
Locally along the Cabot Fault Zone, pink pegmatite dykes intruded a 
metasedimentary gneiss unit; dyke emplacement is interpreted to be 
late syn-tectonic (D1) in age.  One of these dykes yielded a U/Pb zircon 
age of 456 ± 12 Ma.  This lower intercept age is interpreted to be the 
(minimum) age of D1 deformation in the Cabot Fault Zone.  The upper 
intercept of 1039 ± 12 Ma suggests a predominant Grenvillian 
provenance for the parent material.  This Late Ordovician age is 
corroborated by discordant monazite ages from an S-type muscovite 
granite.  A Pb-loss line anchored by one concordant monazite yielded 
an age of ca. 458 Ma.  It is interpreted that during the Late Ordovician, 
a thermal event affected the rocks within the Cabot Fault Zone. 
A muscovite granite plug affected by the Little Grand Lake Fault 
yielded a U/Pb zircon age of 463 Ma ± 5 Ma (SHRIMP on 
overgrowths).  The granite is interpreted to be part of the regionally 
extensive Southwest Brook Complex.  The Late Ordovician age of 
intrusion provides an upper age limit for deformation along the Little 
Grand Lake Fault. 
 
DRAINAGE DIVERSIONS INTO DIFFERENT OCEANS OF 
LARGE CENOZOIC RIVERS CAUSED BY TECTONICS, 
CLIMATE AND ACCIDENTS (GLACIAL BLOCKING, RIVER 
CAPTURE AND METEORITE IMPACTS) AND THEIR 
SIGNIFICANCE FOR THE INTERPRETATION OF ANCIENT 
RIVER SYSTEMS:  EXAMPLES FROM ASIA, AFRICA, 
SOUTH AMERICA AND GONDWANALAND. 

BROOKFIELD, M.E., Land Res. Sci. Guelph University, Guelph, 
ON, N1G 2W1 

During uplift of various plateau and surrounding ranges, tectonic 
processes have interacted with climatic change and with local random 
effects (such as landslides) to determine the development of the major 
river systems of the Earth.  Rivers draining the Tibetan plateau have 
three distinctive patterns that are controlled by different tectonic and 
climatic regimes. 
In central and southern Afghanistan, the rivers have moderate gradients 
and fan out from northeastern sources to disappear into arid 
depressions.  Anti-clockwise rotation of southern Afghanistan, caused 
by differential compression and right-lateral shear, truncated the rivers 
on the north, while increasingly arid conditions developed on the south 
as arc accretion in the Makran separated sources from coastal rains. 
In Tibet and southeast Asia, the rivers are widely separated and have 
low gradients on the Tibetan plateau, and higher gradients as they turn 
southwards into close and parallel gorges, before they fan out southeast 
to enter different seas.  Differential shear and clockwise rotation 
between the compressing Tibetan plateau and southeast Asia 
determined the great sigmoidal bends of this river system which was 
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accompanied by increasing aridity, with truncation of river systems in 
the north and river capture in the south. 
In the Himalaya and southern Tibet, the main rivers have steep 
gradients where they cut across the Himalayan range and occasionally 
truncate former rivers with low gradients on the Tibetan plateau to the 
north.  Southward-thrusting and massive frontal erosion of the 
Himalaya caused progressive truncation of longitudinal rivers on the 
plateau, accompanied by river capture and glacial and landslide 
diversions on the south. 
The drainage history of southern Asia can be reconstructed by restoring 
the gross movements of the plates and the tectonic displacement, uplift 
and erosion of individual tectonic units. 
In North Africa, the development of the Red Sea rift in the Miocene 
caused extensive drainage changes, compounded by increasing aridity 
and base-level changes during the drying out of the Mediterranean. 
Most important changes in world drainage took place in Pliocene to 
Quaternary times, as major plateau and mountains ranges responded to 
increasing climatic deterioration.  
 
CONSTRAINTS ON THE MEANS AND TIMING OF COPPER 
(AND IRON) MINERALIZATION FOR SEDIMENT-HOSTED 
STRATIFORM COPPER DEPOSITS  

BROWN, A.C., Dept. of Civil, Geological and Mining 
Engineering, École Polytechnique, PO Box 6079, Sta. Centre-
Ville, Montreal, QC, H3C 3A7, acbrown@polymtl.ca 

Repeated studies of sediment-hosted stratiform copper deposits (SCDs) 
in intracontinental rift settings have concluded that copper was 
introduced to its reduced host sediments from footwall redbeds which 
acted as an aquifer for the circulation of cupriferous brines and as a 
probable source of copper.  In some cases, the means and diagenetic 
timing of brine circulation have been established by field and 
laboratory observations; further conceptual considerations presented 
here add additional constraints to the general genetic model. 
The leaching of large amounts of copper from hematitic redbeds is 
generally attributed to the availability of copper (10s of ppm) in 
extensive immature clastic sediments deposited in intracontinental rifts 
and to the important solubility of copper where such sediments are 
permeated and reddened by a low-temperature oxygen-rich brine.  
Walker (1967, 1989) and others have established that the reddening 
process is a progressive diagenetic event which may extend over 
millions of years following sedimentation.  In addition, Rose (1976, 
1989) demonstrated that optimum Eh-pH conditions for copper 
dissolution in a low-temperature brine do not extend across the vast 
stability field of hematite but lie at near-neutral pHs and on or about Eh 
= +100±100 mv, a position midway between the Ehs typical of waters 
in contact with an oxidized atmosphere and the Ehs of deep ground 
waters isolated from the atmosphere.  These mid-level Ehs and copper 
mobilization would be characteristic of evolved meteoric waters in 
which oxygen would be progressively depleted during the rock-water 
equilibration reactions of diagenetic reddening and high salinities could 
result from the dissolution of evaporites or mixing with downward-
draining surface brines, given that SCDs are typically associated with 
evaporitic environments (Kirkham, 1989).  An additional consequence 
of footwall reddening would be the mobilization of iron in brines 
thoroughly depleted in oxygen (Brown, 2004). 
This conceptual analysis precludes a rift sediment compaction model, 
such as that proposed by Swenson and Person (2000), because the 
internal overpressuring within compacting sediments would implicitly 
exclude the influx of oxygenated external waters necessary for the 
reddening process which is necessary in turn to attain Eh conditions 
suitable for copper solubility and for copper leaching from footwall 
sediments.  On the other hand, SCD genesis, including the mobilization 
and redeposition of associated iron mineralization, would be readily 
explained by a gravity-driven meteoric recharge model for the 
circulation of the ore-forming brine, and the timing of mineralization 
would be linked directly to the reddening process that results in rift 
redbeds. 
 

REMOTE PREDICTIVE MAPPING OF SURFICIAL 
GEOLOGY IN NUNAVUT USING SUPERVISED 
CLASSIFICATION TECHNIQUES OF LANDSAT AND 
RADARSAT I DATA  

BROWN, O.H., olbrown@nrcan.gc.ca, Canada-Nunavut 
Geoscience Office, PO Box 2319, Iqaluit, NU, X0A 1H0, 
UTTING, D.J, LITTLE, E.C., Geological Survey of Canada, 
3303-33 Street North West, Calgary, AB, T2L 2A7, GRUNSKY, 
E.C., Geological Survey of Canada, 601 Booth Street, Room 55, 
Ottawa, ON, K1A 0E8, HARRIS, J, Geological Survey of 
Canada, 615 Booth Street, Room 243-A, Ottawa, ON, K1A 0E9, 
and PONOMAREV, P, Geological Survey of Canada, 615 Booth 
Street, Room 243, Ottawa, ON, K1A 0E9 

To assist the planning and execution of fieldwork in 2005, predictive 
surficial geology maps for NTS 37E and 37H (North Baffin Island) 
were created using supervised classification techniques on Landsat and 
RADARSAT I data.  If successful, the techniques applied to these areas 
may also be useful in other contiguous regions of northern Baffin 
Island where similar terrain and geology exists.  In this study, three 
supervised classification techniques have been tested to determine 
which method produces the best predictive map: minimum-distance-to-
mean, maximum likelihood and neural networks.  The minimum-
distance-to-mean classifier is the simplest algorithm which assigns a 
pixel to the class with the nearest mean value.  The maximum 
likelihood classifier uses calculated probability to assign pixels to a 
class.  The neural networks classifier identifies patterns in the data 
using statistics derived from the training sites. 
Supervised classifications were first conducted in NTS 37G, an area 
previously mapped by traditional means (i.e., air photos and ground 
truthing).  The area was subdivided in two regions based on bedrock 
terranes: Bylot supergroup and other crystalline rock.  The two regions 
were classified independently.  This division was required because the 
sedimentary rock of the Bylot supergroup erodes to sandier material 
than surrounding rock.  Within these regions, till, colluvium, alluvium 
and water were discernable.  An “Other” class represents bedrock, 
glaciolacutrine, glaciofluvial and marine sediments — these materials 
were not easily differentiated because of their similar spectral 
signatures and limited number of training sites.  The classifications 
were then compared to the surficial geology map derived through 
classical mapping techniques (e.g., aerial photograph analyses).  The 
general distribution patterns of materials on both maps are similar.  
Differences between the maps occur because spectral characteristics of 
material classes may overlap due to similarities in material properties.  
Also, supervised classification techniques classify “pixel by pixel”, 
whereas traditional mapping groups areas of relatively homogeneous 
materials into polygons. 
The spectral signatures extracted from the known area were applied to 
the unmapped areas (NTS 37E, H) to produce three classified 
predictive maps.  These maps will be used to assist with the planning of 
drift prospecting sampling, and identify potential sites requiring 
additional ground truthing. 
 
OSCILLATORY ZONING IN CALCITE FROM ROSSLAND 
AREA, BRITISH COLUMBIA, CANADA  

BRYKSINA, N.A, HALDEN, N.M., MEJIA, S, and BALL, N., 
Department of Geological Sciences, University of Manitoba, 
Winnipeg, MB, R3T 2N2, bryxinan@cc.umanitoba.ca 

We study oscillatory zoning in calcite from the Rossland area, British 
Columbia, Canada by analyzing two sets of data: Laser Ablation 
Microprobe data and Gray-scale intensity data.  The content of trace 
elements for Mn, Fe and Sr were collected at 694 points along the 
profile perpendicular to zones.  The length of this profile is about 
3.77mm.  Cathodoluminescence technique has been used qualitatively 
to detect the trace element (manganese) distributions in this crystal of 
calcite.  The analytical data and gray-scale intensity data were 
subjected to different statistical treatments in an effort to create some 
form of quantitative description of the oscillatory zoning in calcite.  
The measured Hurst exponents by methods of the width and the power 
spectrum are in the range of 0.56-0.6 indicating the oscillatory zoning 
pattern is persistent.  We divide oscillatory zoning pattern on five parts 
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and find strong correlation between Mn content and Sr content in two 
parts, and significant anti-correlation in all other parts.  The values of 
Hurst exponent calculated by the width method for trace element 
distributions in the different parts of the profile are also different.  In 
one part, the Mn and Fe distributions have persistent behavior, but the 
Sr distribution does not have persistent behavior for any scale.  In the 
other part, the distributions of Mn and Fe have statistically random 
behavior, but the Sr distribution has persistent behavior.  There is 
another part, where all three trace element distributions have persistent 
behavior.  That confirms that our dividing of oscillatory zoning pattern 
on the different parts is not casual, and therefore this pattern can be 
described as a sequence of quantitatively different oscillatory zoning 
patterns. 
 
A REVIEW OF REMOTE SENSING AND THE FUTURE OF 
EARTH OBSERVATION SYSTEMS  

BUDKEWITSCH, P., Canada Centre for Remote Sensing, 
Natural Resources Canada, 588 Booth Street, Ottawa, ON, K1A 
0Y7, paul.budkewitsch@ccrs.nrcan.gc.ca 

Satellite imaging is not only possible for any region on Earth, but for 
various levels in the atmosphere, biosphere and geosphere.  These 
orbiting sensors have already brought us an untold bounty of 
information with the beginning of civilian access to Earth Observation 
a little more than 30 years ago.  Since that time, technological progress 
has improved the spectral and spatial resolutions and overall quality of 
commercial data.  This presentation will outline the history of Earth 
Observing systems for investigating the geology of our planet and 
describes the data available from current and future sensors planned for 
launch that will be of interest to the geological community. 
 
HYPERSPECTRAL IMAGING AT HIGH LATITUDES FOR 
GEOLOGICAL MAPPING AND EXPLORATION 
APPLICATIONS  

BUDKEWITSCH, P., Canada Centre for Remote Sensing, 
Natural Resources Canada, 588 Booth Street, Ottawa, ON, K1A 
0Y7, paul.budkewitsch@ccrs.nrcan.gc.ca, HITCHCOCK, R., 
Prologic Systems, Ottawa, ON, MCGREGOR, R., MIR 
Teledetection, Longueuil, QC, HARRIS, J., Geological Survey of 
Canada, Ottawa, ON, PESHKO, M, A.U.G. Signals, Toronto, 
ON, and STAENZ, K., Canada Centre for Remote Sensing, 
Ottawa, ON 

In recent years, hyperspectral imaging technology has attracted interest 
from mineral exploration interests since spectral unmixing techniques 
and endmember selection have proven successful for mapping the 
distribution and abundance of many key minerals in desert 
environments at low latitudes.  Wide areas of Canada’s barren North 
are also suited to this technology due to similarly sparse vegetation 
cover in tundra.  Collecting data at higher latitudes, however, is not 
common due to data quality concerns with lower signal-to-noise and 
stronger bi-directional effects than what is obtained at lower latitudes. 
Our Baffin Island studies near the towns of Nanisivik (73°N) and 
Kimmirut (63°N) provided results from airborne Probe-1 hyperspectral 
data that allowed us to create mineral abundance maps or identify 
unique spectral units of exposed rock.  Satellite Hyperion hyperspectral 
data from different sites were also investigated and validated.  The data 
was pre-processed including calculation of new calibration coefficients 
using ground-based reflectance spectra, removal of atmospheric effects, 
and correction of band-to-band errors due to atmospheric modeling.  
Mapping lithological units to create predictive geological maps was 
accomplished using library and automated spectral matching techniques 
in combination with spectral unmixing.  For mineral exploration, we 
were able to successfully isolate zones of iron oxide and iron 
hydroxides associated with supergene alteration of sulfides. 
 
PALYNOLOGY OF AN EXPOSED HYDROCARBON 
RESERVOIR, SLUICE BROOK, WESTERN NEWFOUNDLAND  

BURDEN, E.T. and GILLIS, E.S., Department of Earth Sciences, 
Memorial University of Newfoundland, St. John's, NL, A1B 3X5, 
etburden@mun.ca 

Recent mapping north of the community of Fox Island River shows a 
complex pattern of westerly verging Taconic thrusts in sandstones, 
shales and deep water limestones.  Many sandstone beds are stained 
black and have a petroliferous smell.  One particularly extensive belt of 
petroliferous strata, extending for more than 500 m along the coast near 
Sluice Brook, appears to be the crest of a breached hydrocarbon 
reservoir that formed as an anticline.  Carbonates in the core of the fold 
consist of thinly bedded ribbon limestones and black shales carrying a 
flora consisting of Baltisphaeridium sp. cf. B. longispinosum, 
Leiosphaeridium sp., Leiovalia sp., and Lophosphaeridium sp.  A late 
Cambrian or early Ordovician age, inferred from this data, indicates 
these rocks belong to the Northern Head Group (Cooks Brook 
Formation).  The overlying petroliferous sandstones and black shale 
contain the acritarchs Leiosphaeridium sp., Leiovalia sp., and 
Retisphaeridium amid abundant algal filaments, dyads and clusters.  
The sandstone reservoir is probably early Cambrian in age and belongs 
to the Blow Me Down Brook Formation. 
Palynology shows that reservoir development probably occurred in two 
stages.  After deposition, west verging Taconic thrusting placed a 
hangingwall panel of Blow Me Down Brook sandstone over Cooks 
Brook limestone and shale.  A second episode of south verging folding, 
with development of thrusts and back thrusts in the core carbonates, 
generated the final form of this anticlinal trap. 
 
U6+ MINERALS AND INORGANIC COMPOUNDS:  INSIGHTS 
INTO AN EXPANDED STRUCTURAL HIERARCHY OF 
CRYSTAL STRUCTURES  

BURNS, P.C., University of Notre Dame, 156 Fitzpartick Hall, 
Notre Dame, IN 46556, pburns@nd.edu 

Uranyl minerals and compounds are important for understanding the 
genesis of U deposits, the interaction of U mine and mill tailings with 
the environment, transport of actinides in soils and the vadose zone, 
and the performance of geological repositories for nuclear waste.  Over 
the past decade, the number of inorganic uranyl compounds with 
known structures has doubled, thus re-consideration of the structural 
hierarchy of uranyl compounds is warranted.  Here 356 inorganic 
compounds that contain essential U6+ are considered (of which 88 are 
minerals).  They are arranged on the basis of the topological details of 
their structural units that are formed by the polymerization of polyhedra 
containing higher-valence cations.  Overarching structural categories 
correspond to those based upon isolated polyhedra (7), finite clusters 
(39), chains (55), sheets (199), and frameworks (54) of polyhedra.  
Within these categories, structures are organized based upon either 
their graphical representations, or in the case of sheets, upon the 
topological arrangement of anions within the sheets. 
 
NITROUS OXIDE EMISSIONS ASSOCIATED WITH THE USE 
OF LIQUID SWINE MANURE, COMPOSTED BEEF MANURE 
AND UREA IN A DURUM WHEAT - BARLEY - FLAX 
ROTATION IN WESTERN CANADA  

BURTON, D.L., Nova Scotia Agricultural College, Truro, NS, 
B2N 5E3, dburton@nsac.ns.ca, BUCKLEY, K.A., Agriculture 
and Agri-Food Canada, Brandon, MB, R7A 5Y3 and LI, X., 
University of Manitoba, Winnipeg, MB, R3T 2N2 

This study conducted on a Black Chernozemic soil near Brandon, MB 
examined N2O emissions over three-year period in a durum wheat–
barley–flax rotation amended with various nitrogen sources (liquid 
swine manure, composted beef manure and urea).  Significant annual 
and seasonal variation in N2O emissions was observed.  Greatest N2O 
emissions were observed with manure or compost + urea treatments.  
Compost alone resulted in N2O emissions equivalent to the unfertilized 
control and equal to or lower than the urea-amended treatment.  N 
source effects were not significant in all years of the study.  The 
monitoring of greenhouse gas emissions from durum wheat phase of 
the rotation in each year of the study demonstrated significant annual 
variation in N2O emissions.  These variations were primarily related to 
annual differences in precipitation. 
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INFLUENCE OF NITROGEN SOURCE ON N2O EMISSIONS IN 
TWO BLACK CHERNOZEMIC SOILS  

BURTON, D.L., Nova Scotia Agricultural College, Truro, NS, 
B2N 5E3, dburton@nsac.ns.ca, LI, X., University of Manitoba, 
Winnipeg, MB, R3T 2N2, GRANT, C.A., Agriculture and Agri-
Food Canada, Brandon, MB, R7A 5Y3 and JOHNSTON, A., 
Potash Phosphate Institute of Canada, Saskatoon, SK, S7K 5K2 

This study considered the influence of nitrogen source (urea, coated 
urea, anhydrous ammonia), time of application (spring, fall) and 
method of application (broadcast, banded) to two Black Chernozemic 
soils located near Winnipeg and Brandon Manitoba.  The results of this 
three-year study demonstrated consistently that the rate of fertilizer 
induced N2O emissions under Manitoba conditions were significantly 
lower that the emissions estimated using on IPCC coefficients.  The 
Winnipeg site tended to have high emissions (~1% of applied N) than 
did the Brandon site (~0.5% of applied N).  Emissions in the first year 
of study were much higher than subsequent years.  Both the site and 
year effects were likely a reflection in differences in annual 
precipitation.  N2O emissions associated with the use of anhydrous 
ammonia as a fertilizer source were no greater than with urea.  Fall 
application of nitrogen fertilizer did result in marginally greater N2O 
emissions than did spring applied N sources, but these differences were 
neither large nor consistent.  Results suggest there may be an 
opportunity to utilize advanced fertilization technologies (controlled 
release urea or nitrification inhibitors) to reduce N2O emissions. 
 
REDUCED GREENHOUSE GAS EMISSIONS IN POTATO 
PRODUCTION THROUGH IMPROVED NITROGEN 
MANAGEMENT  

BURTON, D.L, Nova Scotia Agricultural College, Truro, NS, 
B2N 5E3, dburton@nsac.ns.ca, ZEBARTH, B.J, Agriculture and 
Agri-Food Canada, Fredericton, NB, E3B 4Z7, and MACLEOD, 
J.A, Agriculture and Agri-Food Canada, Charlottetown, PE, C1A 
7M8 

This study examined N2O flux and denitrification in a potato-barley 
rotation in Fredericton, NB.  Split application of fertilizer (at seeding 
and at hilling) was compared to more traditional of applying nitrogen 
fertilizer in a single application at seeding.  In general the emissions 
observed in this study were relatively low with cumulative emissions 
representing less the 1 kg N ha-1 in all treatments for all years.  The 
N2O emissions from potato production under New Brunswick 
conditions are lower than would be estimated based on the IPCC 
coefficient.  The production of N2O was primarily occurring in the 
potato hills, a more aerobic environment where the fertilizer and potato 
plant are most active.  Denitrification predominated in the more 
compact furrow and may explain the lower N2O emissions from this 
location and from the production system in general.  The amount of 
nitrogen being denitrified is approximately twice that N2O production.  
Denitrification losses represented approximately 1.8 kg N ha-1 over the 
June to August period in the fertilized treatment.  Split application of 
fertilizer tended to result in lower N2O emissions. 
 
UTILIZATION OF ANIMAL MANURE IN POTATO 
PRODUCTION:  REDUCING GREENHOUSE GAS EMISSIONS 
THROUGH IMPROVED NITROGEN MANAGEMENT  

BURTON, D.L1, dburton@nsac.ns.ca, MACLEOD, J.A.2, 
THANGARAJ, B1 and ZEBARTH, B.J.3,  1 Nova Scotia 
Agricultural College, Truro, NS, B2N 5E3;  2 Agriculture and 
Agri-Food Canada, Charlottetown, PE, C1A 7M8;  3 Agriculture 
and Agri-Food Canada, Fredericton, NB, E3B 4Z7 

The study, conducted at the Crops and Livestock Research Station, 
Charlottetown examines greenhouse gas emissions from a potato-
barley-red clover rotation.  The objectives of the project were to i) 
collect baseline information from the standard three-year potato 
rotation in Prince Edward Island; ii) determine the effect of different 
manure management strategies within the potato rotation on nitrous 
oxide emissions; and iii) identify the potential to reduce nitrous oxide 
emissions through improved nitrogen management practices.  The 
experiment had four N fertility treatments, replicated three times.  The 
treatments are: i) mineral fertilizer (NH4NO3) applied in the spring of 

the potato year of the rotation; ii) solid swine manure applied in the fall 
before the potato year; iii) solid swine manure applied in the spring of 
the potato year; and iv) liquid swine manure applied in the spring of the 
potato year.  Spring and early summer periods (mid-May to end of 
June) were the times of greatest N2O emission.  The potato year of the 
rotation resulted in the greatest N2O emissions.  In the potato year solid 
manure resulted in less N2O emission than did liquid manure or 
NH4NO3.  Differences in N2O emissions between years and treatments 
corresponded with treatment effects on soil NO3- concentration.  
Nitrate and N2O emissions in tile drainage water was monitored as part 
of parallel studies. 
 
CRYSTALLOGRAPHIC AND SPATIAL ORIENTATION OF 
TYPE 1 INCLUSION TRAILS IN STAUROLITE 
PORPHYROBLASTS FROM THE BOLTON SYNCLINE, 
EASTERN CONNECTICUT  

BUSA, M.D and GRAY, N.H., Department of Geology and 
Geophysics, University of Connecticut, Storrs, Connecticut, 
06269-2045, USA, MBusa@mxcc.commnet.edu 

Centimeter-size staurolite porphyroblasts from the Bolton syncline in 
eastern Connecticut contain two different types of inclusions trails: type 
1 - a captured, relict planar foliation defined by quartz, ilmenite and 
graphite; and type 2 - tubular trails formed perpendicular to growing 
crystal faces.  Most trails are planar; some, however, show curvatures 
suggesting up to 180 degrees of rotation.  The orientation of staurolite 
long axes forms a girdle roughly parallel to the external foliation (Se), 
with a subtle maxima at 290 degrees on the east limb, and a more 
variable maxima on the west limb ranging between 290 and 020 
degrees. 
U-stage measurements of the three-dimensional orientations of type 1 
inclusion surfaces in 144 oriented staurolite porphyroblasts suggest the 
c-axis of the staurolite all nucleated within the plane of an early 
foliation (Si).  Where inclusion trails are sigmoidal, the axis of the 
curvature parallels the c-axis regardless of the staurolite orientation.  
The three-dimensional spatial orientations of the type 1 inclusion trail 
surfaces show no well-defined maxima, as would be expected if the 
porphyroblasts preserved the orientation of an early foliation and 
remained fixed in a geographic reference frame. 
On the east limb of the Bolton syncline, the Si in staurolite is 
unconformably truncated by a westward-dipping Se.  In contrast, on the 
western overturned limb, staurolite growth continued during the 
development of Se, and Si curves sharply into Se at the rim.  From the 
orientation and morphology of the inclusion surfaces in 144 sectioned 
staurolite porphyroblasts, we can compute the statistical distribution of 
trail asymmetries expected in thin section taken in any orientation 
through the rock.  These computations suggest the east limb staurolite 
shows a poorly constrained foliation intersection axis (FIA) at about 
040 degrees.  The inclusion trail surfaces from the west limb suggest a 
core FIA at roughly 290 degrees and a rim FIA at 010 degrees.  
However, because the axis of curvature parallels the long axis of each 
staurolite, the statistical FIAs likely have little regional significance. 
These observations are consistent with nucleation of staurolite in an 
early, fine foliation followed locally by a top-to-the-west, shear-
induced rotation.  Subsequent eastward-directed backfolding of the 
Glastonbury gneiss produced the Bolton syncline, and southward 
extrusion of the Glastonbury gneiss reoriented the west limb staurolite.  
Thermal effects of this backfolding and extrusion produced new 
staurolite on the west limb during the development of the new foliation 
and post-tectonic biotite porphyroblasts. 
 
TRACING MESOARCHEAN BASEMENT IN THE 
SOUTHWESTERN SLAVE PROVINCE, NT:  EVIDENCE 
FROM ISOTOPIC GEOCHEMISTRY AND 
GEOCHRONOLOGY IN THE WECHO RIVER AREA  

BUSE, S., sbuse@connect.carleton.ca, COUSENS, B., Carleton 
University, Department of Earth Sciences, 2240 Herzberg 
Building, 1125 Colonel By Drive, Ottawa, ON, K1S 5B6, 
DAVIS, W.J., Geological Survey of Canada, 601 Booth Street, 
Ottawa, ON, K1A 0E8, and OOTES, L., Northwest Territories 
Geoscience Centre, Box 1500, Yellowknife, NT, X1A 2R3 
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Mesoarchean basement exposures (Central Slave Basement Complex) 
in the Slave Province are generally confined to the central portion of 
the craton.  In the eastern portion of the craton, the subsurface extent of 
basement is constrained by Nd and Pb isotopic boundaries, and in the 
southwestern most part of the craton there are no known basement 
exposures, nor is their isotopic evidence for underlying basement.  The 
southwestern extent of Mesoarchean basement in the Slave craton is 
thought to terminate under the Wecho River area, located 
approximately 100 kilometres north of Yellowknife, NT. 
The Wecho River area was mapped at 1:100,000 scale during the 
2003/2004 field seasons revealing supracrustal packages ranging from 
greenschist- to granulite-grade, which are intruded by several 
distinctive granitoid suites.  Nine granitoid suites were sampled from 
throughout the map area and range from weakly peraluminous to 
metaluminous.  Each sample was analyzed for rare earth element and 
Sm-Nd isotopic geochemistry and an example of each suite was dated 
by U-Pb geochronology.  The weakly peraluminous granitoids, a K-
feldspar porphyritic granite, two-mica granite, biotite granodiorite and 
biotite granite, all show depletions in niobium relative to thorium 
consistent with a continental derived source, likely the result of mid-
crustal melting.  U-Pb zircon geochronology yields an age of 2591 Ma 
for the K-feldspar porphyritic granite and 2600 Ma for the biotite 
granodiorite. 
The metaluminous granitoids, a biotite-magnetite granodiorite and 
granite, also show evidence for a crustal source but stronger heavy rare 
earth element depletions indicate that they, or their protolith, are 
derived from lower in the crust than the weakly peraluminous suites.  
U-Pb geochronology of the biotite-magnetite granodiorite yields a 
monazite age of 2601 Ma; interpreted as the crystallization age of the 
suite.  The zircons from this suite are all inherited with ages between 
2870 and 2930 Ma.  These ages are equivalent to Central Slave 
Basement Complex ages, indicating there was basement underlying the 
Wecho River area at ca. 2601 Ma. 
A hornblende-magnetite granite and two diorite samples have heavy 
rare earth element depletions relative to the other metaluminous suites, 
but have only minor depletions in niobium relative to thorium, 
indicating they are more primitive melts relative to the other granitoids.  
Lastly, an enderbite with a U-Pb zircon age of 2592 Ma, shows flat rare 
earth element patterns indicating a mantle-like source.  Ongoing 
neodymium isotopic work will confirm whether basement underlies 
other parts of the Wecho River area. 
 
PLATINUM AND PALLADIUM NUGGETS FROM CÓRREGO 
BOM SUCESSO, MINAS GERAIS, BRAZIL  

CABRAL, A.R1, alexandre-raphael.cabral.1@ulaval.ca, 
BEAUDOIN, G.1, KWITKO-RIBEIRO, R.2, LEHMANN, B.3, 
POLÔNIA, J.C4 and CHOQUETTE, M.1,  1 Département de 
géologie et de génie géologique, Université Laval, Pavillon 
Adrien-Pouliot, Québec, QC, G1K 7P4, Canada;  2 Centro de 
Desenvolvimento Mineral, Companhia Vale do Rio Doce, 
Rodovia BR 262/km 296, Caixa Postal 09, 33030-970 Santa 
Luzia – MG, Brazil;  3 Institut für Mineralogie und Mineralische 
Rohstoffe, Technische Universität Clausthal, Adolph-Roemer-Str. 
2A, D-38678 Clausthal-Zellerfeld, Germany;  4 Rua Paris 105, 
34800-000, Caeté – MG, Brazil 

Platinum and palladium from Córrego Bom Sucesso, Minas Gerais, 
Brazil, form nuggets characterised as arborescent, botryoidal, 
coralloidal and reniform.  They have been manually recovered for more 
than two hundred years from unsorted alluvium deposited on quartzite 
from the Mesoproterozoic Espinhaço Supergroup.  The grains are 
delicate and display little evidence of abrasion, pointing to either a 
source rock adjacent to the alluvium or to in situ crystallisation within 
the alluvium.  Dissolution pits on grain surfaces suggest that the Pt–Pd 
nuggets were subjected to weathering.  Anatase and rarely observed K-
bearing halite may occur on the surface of Pt–Pd grains.  Anatase is 
intergrown with submicrometric gold and occasionally infills open 
spaces in the nuggets.  Source rock for the Pt–Pd grains remains 
unknown. 
The nuggets investigated reach a maximum length of about 2.5 mm and 
show a core-to-rim compositional zoning pattern in terms of platinum, 

palladium and mercury.  The zoning is irregular and varies widely in 
thickness (<10–100 μm) and in composition from almost pure platinum 
to platiniferous palladium.  Some grains comprise a core of auriferous 
Pd–Hg alloy (potarite).  Interestingly, one grain exhibits a marginal 
halo of mercurial palladiferous platinum and internal vermiform 
lamellae of mercury and gold.  This mercurial palladiferous platinum 
seems to be a previously unknown alloy composed of 10–20 wt% Hg, 
with a stoichiometry close to Pt(Pd,Hg).  Selenium is a minor 
constituent (up to 0.3 wt%) of the Pt–Pd alloys.  The S/Se ratio is <1, 
indicating fractionation of selenium from sulphur in an oxidising 
environment, possibly a hydrothermal fluid in which sulphur is mainly 
in the form of sulphate.  Because inclusions of selenide minerals have 
not been observed, a high oxidation state of the ore fluid can be 
inferred from the trace amounts of selenium in solid solution in the Pt–
Pd alloys.  The Pt–Pd alloys from Córrego Bom Sucesso corroborate 
the observation that almost all known economically important deposits 
of palladiferous gold in Brazil, the Au–Pd–Pt Serra Pelada deposit, in 
Pará, and the ouro preto-bearing hematite deposits of Minas Gerais, 
have a distinctive seleniferous signature. 
 
CONTINUATION OF THE ABITIBI SUB-PROVINCE ACROSS 
THE GRENVILLE FRONT INTO THE GRENVILLIAN 
PARAUTOCHTONOUS BELT, QUÉBEC, CANADA  

CADÉRON, S.1, sandrine.caderon@mrnfp.gouv.qc.ca, RIVERS, 
T.2, BANDYAYERA, D1 and ROY, P.1,  1 Ministère des 
Ressources Naturelles du Québec - MRNQ - 400, Boulevard 
Lamaque, Bureau 1.02; Val-d'Or, QC, J9P 3L4;  2 Memorial 
University, Dept. of Earth Sciences, St. John’s, NL 

A new mapping project along the Grenville Front (GF) and the adjacent 
Parautochthonous Belt of the northern Grenville Province between Val-
d'Or and Chibougamau was initiated by the MRNQ to promote mineral 
exploration in this under-explored region.  A multidisciplinary 
approach, involving lithological, structural, metamorphic and 
metallogenic mapping is being employed to characterize this tectonic 
boundary zone.  As implied by previous maps, Archean rocks occur on 
both sides of the Grenville Front, but the nature of the linkage between 
them is poorly understood.  The Superior side is characterized by E-W-
trending greenschist- to lower-amphibolite-facies greenstone belts 
separated by granitoid plutons, whereas the Grenville side is 
characterized by NE-SW-trending, upper-amphibolite-facies 
quartzofeldspathic gneiss with subordinate thin amphibolite strands.  
The aeromagnetic signatures are also very different, with a short-
wavelength, high-intensity magnetic signature on the Superior side 
giving way to a long-wavelength, low-intensity magnetic signature on 
the Grenville side. 
The paradigm that we are testing is that the high-grade rocks of the 
Parautochtonous Domain represent the roots of the upper-crustal 
greenstone belts observed on the Superior side.  Important results to 
date supporting lithological linkage across the GF include the 
geochemical similarity between some Grenville amphibolites and meta-
volcanic rocks in the Superior Province, and the recognition of several 
amphibolite-facies, hydrothermal alteration envelopes associated with 
strands of amphibolite that suggest the presence of Archean VMS-type 
mineralization.  Meta-exhalites such as iron formation, coticule 
horizons and massive calc-silicate rocks may represent fossil zones of 
sea-floor hydrothermal activity, and many the rafts and boudins of 
anorthosite may correlate with the Archean Lac Doré Complex. 
A linked metamorphic-geochronological study is in progress to 
determine the nature of the Grenvillian overprint on the uplifted 
Archean rocks of the Parautochthonous Belt.  Mapped metamorphic 
isograds follow major lineaments and are structurally controlled, with 
the first appearance of garnet correlating approximately with the 
mapped location of the Grenville Front.  Metamorphic textures suggest 
that a late tectonic uplift event occurred at the GF.  We are using garnet 
zoning, integrated with dating of metamorphic accessory minerals, to 
determine whether the garnet isograd is a result of uplifted pre-existing 
Archean garnet or the growth of new Grenvillian garnet. 
Our observations show that Archean lithologic units continue across the 
GF and that Grenvillian orogenic effects resulted in the reorientation of 
Archean structures and tectonic uplift and/or reworking of pre-existing 
metamorphic assemblages, resulting in exposure of the roots of the 
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greenstone belts observed in the Abitibi Sub-Province.  Consequently, 
the GF represents a promising area for the preservation of the deeper 
levels of Archean mineralized zones. 
 
‘COAL AGE GALAPAGOS’:  LIONS OF 19TH CENTURY 
GEOLOGY AT JOGGINS  

CALDER, J.H., Nova Scotia Dept. of Natural Resources, Box 
698, Halifax, NS B3J 2T9, jhcalder@gov.ns.ca 

In the Nineteenth Century, Joggins served as a beacon and proving 
ground for some of the world’s most influential scientists.  Among the 
list of those who would be drawn to these shores or who would 
incorporate the findings of the intrepid ones who did, were Lyell, 
Dawson, Logan, Gesner, Darwin, Marsh, Owen and Agassiz.  The first 
detailed study at Joggins was that of Logan, undertaken in the first 
project of the fledgling Geological Survey of Canada.  Perhaps no one 
is more responsible for establishing the significance of Joggins than 
Lyell, who proclaimed it to be the ‘best exposure in the world’ of coal-
bearing strata, and owing to his celebrity was one whose opinion 
virtually generated its own gravitational field.  For Lyell, Joggins and 
in particular its grand succession of fossil lycopsid forests confirmed 
the subsidence of the Earth’s surface and the terrestrial origin of coal.  
The same grand record was cited by Darwin in Origin of Species as 
proof that the fossil record of the Earth, which caused him considerable 
grief, was inherently incomplete and therefore flawed.  The famous 
discovery with Dawson of tetrapods entombed in the lycopsid trees was 
seen by Lyell as support for his position that advanced lifeforms 
eventually would be discovered throughout the geological record and 
so challenge Darwin’s model of progressive evolution.  It was the life 
long passion for Joggins of Dawson, however, that laid the foundation 
for all subsequent studies, especially of the paleoecology of the site.  
His work ultimately would present challenges to Darwin’s evolutionary 
theory, identifying a century before Eldredge and Gould stasis in the 
tempo of evolution.  Opponents to Darwin such as Bishop Wilderforce 
took considerable glee in problematic findings such as the ‘miserable 
little Dendropupa’, and Darwin’s supporters would later exact their 
revenge on Dawson.  As interesting - and important - therefore to the 
story of geological enlightenment that took place here is the dynamics 
of the personalities.  History records - largely in response to Lyell - a 
bemused Logan, vindictive Gesner, vainglorious Marsh, watchful 
Darwin, opportunistic Owen, and unswervingly loyal Dawson.  It is the 
significance of their collective work, however, that has endured to pave 
the road for the coming nomination of Joggins as a natural World 
Heritage site, emblematic of the ‘Coal Age’ of Earth history. 
 
CONSTRAINING THE DURATION OF OROGENIC CYCLES 
BY COUPLING TECTONOTHERMAL AND ARGON 
DIFFUSION MODELS  

CAMACHO, A, camacho@geol.queensu.ca, LEE, J.K.W., 
lee@geol.queensu.ca, Geological Sciences and Geological 
Engineering, Queen’s University, Kingston, ON, K7L 3N6, 
HENSEN, B.J., bas.hensen@unsw.edu.au, School of Biology, 
Earth and Environmental Sciences, University of New South 
Wales, Sydney, NSW 2052, Australia, and BRAUN, J., 
Géosciences Rennes, CNRS UMR 6118, Université de Rennes 1, 
Rennes, CS 74205, France 

Fluid flow confined to Caledonian (~425 Ma) shear zones locally 
transformed Proterozoic dry granulites to eclogite (T~700°C; P~16 
kbar) in the Bergen Arcs, Norway.  Untransformed ultramafic lenses 
surrounded by these eclogite shear zones contain phlogopite and 
amphibole that yield 40Ar/39Ar age spectra which preserve Proterozoic 
ages in the centre and the ingress of excess argon along the grain 
margins.  Using diffusion theory in combination with the different 
argon diffusivities in phlogopite and amphibole, we calculate mean 
radial diffusion distances of 79.2 ?m in phlogopite (1500 ?m diameter- 
cylindrical geometry) and 2.01 ?m in amphibole (~300 ?m diameter - 
spherical geometry).  These diffusion distances can be used to generate 
a corresponding temperature versus time curve for each mineral, with 
the intersection (t=18 ka; T=526°C) representing the conditions under 
which both isotopic data sets are internally consistent.  This 
temperature-time node represents an integrated thermal spike 

experienced by the interiors of the cooler lenses due to heat conducted 
from the hot fluids in the surrounding eclogites during Caledonian 
metamorphism. 
To constrain the duration of the orogenic cycle (subduction and 
exhumation) in the Bergen Arcs, we couple the argon diffusion 
modelling with thermal modelling of the subducting lithosphere to 
estimate the P-T-t path of a particle that is subducted and then 
exhumed.  The resultant thermal-modelling calculations indicate that 
the only temperature-time history consistent with all available tectonic 
constraints and the argon diffusion data is if a particle is subducted to 
60 km in 1 Ma, resides at that depth for 2 Ma (eclogitization) and is 
then exhumed to the mid-crust in 10 Ma; significantly, the model 
shows that such a particle never attains temperatures >400°C. 
Our temperature estimate for the interior of the lenses is ~200°C cooler 
than that calculated for the eclogite-facies shear zones, supporting the 
model results and suggesting that fluid migration was triggered by 
multiple, spasmodic deformation events causing transient heat 
advection by infiltrating fluid in one or more pulses.  Furthermore, our 
model indicates that the duration of a complete orogenic cycle can be 
extremely short (~13 Ma).  Rapid orogenic cycles that result in the 
emplacement of cool crust at depth effectively explain the widespread 
evidence for the brittle behaviour of crust at high pressure (60 km 
depth), such as the presence of pseudotachylytes (resulting from 
earthquake activity), and the partial transformation and equilibration of 
rocks and minerals. 
 
DEGASSING OF SUBGLACIAL VOLCANOES IN BRITISH 
COLUMBIA AND ICELAND REVEALED BY HYDROGEN 
ISOTOPIC ANALYSES  

CAMERON, B.I., BOSCOV, S., PETERSON, A.H., Dept. of 
Geosciences, University of Wisconsin-Milwaukee, P.O. Box 413, 
Milwaukee, WI 53201-0413, bcameron@uwm.edu, and 
ROGGENSACK, K., Dept. of Geological Sciences, Arizona State 
University, Tempe, AZ 

The November 2004 eruption at Grimsvotn in Iceland has rekindled 
worldwide interest in subglacial eruptions. Northern British Columbia 
and Iceland host classic exposures of flat-topped subglacial volcanoes 
called tuyas.  In northern British Columbia, Ash Mountain, South Tuya, 
and Three Caribou Tuya are basaltic scoria cones that began eruptive 
activity under glacial ice during the Fraser glaciation (25 to 10 ka).  In 
Iceland, Hlödufell, Raudafell, and Efstadalsfjall were erupted beneath 
ice caps in the western neovolcanic rift zone.  In general, sections of the 
basaltic subglacial volcanoes reveal a stratigraphic progression from 
pillow lavas to hyaloclastite deposits from the base upward.  Locally, 
the sections are capped by subaerial basaltic lava flows.  Ice and melt 
water overlying the basaltic volcanoes would significantly inhibit the 
release of volatiles from the ascending magma.  H2O contents and 
hydrogen isotopic compositions of the basaltic glasses would 
definitively track degassing processes through the evolution of the 
subglacial edifice. 
Consequently, glass samples extracted from pillow basalts, pillow 
breccias, and hyaloclastites were analyzed for their H2O content and 
hydrogen isotopic composition.  In addition, major elements along with 
S and Cl were measured in the glasses by electron microprobe.  
Whereas tuyas from northern British Columbia display both tholeiitic 
and alkaline affinities based on major element composition, Icelandic 
tuyas are exclusively tholeiitic.  Generally, British Columbia tuyas 
(0.42-0.66 wt%) have higher H2O contents than the Icelandic tuyas 
(0.14-1.24 wt%).  More interestingly, H2O contents decrease with 
elevation at British Columbian tuyas, whereas at Hlödufell and 
Efstadalsfjall in Iceland, H2O contents increase with elevation.  For 
example, at Ash Mountain in British Columbia, pillow basalts have 
higher H2O contents (0.54-0.66 wt%) and less depleted dD values (-
87.2 to -102.0‰) than associated hyaloclastite deposits (0.43-0.48 wt% 
H2O and *D from -112.5 to -122.6‰).  In contrast, at Hlödufell in 
Iceland basal pillow basalts have lower H2O contents (0.14-0.22 wt%) 
and more depleted *D values (-112.2 to -123.1‰) than the overlying 
hyaloclastites (0.28-0.29 wt% H2O and *D from -102.7 to -108.5‰).  
The preliminary data from British Columbia support eruptive models 
where pillow basalts erupted under thicker ice/deeper water than 
hyaloclastite deposits.  Moreover, the measured H2O contents can be 
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used to constrain the thickness of ice overlying the scoria cones at the 
time of eruption.  Assuming an ice density of 0.9 g cm-3, the ice at Ash 
Mountain was up to 453 m thick during eruption of the pillows, but 
thinned to 215 m for the extrusion of the hyaloclastites. 
 
MORPHOLOGY OF SUBMARINE CANYONS AND 
CHANNELS ON THE CENTRAL SCOTIAN SLOPE  

CAMPBELL, D.C., ccampbe@nrcan.gc.ca, and PIPER, D.J.W., 
Geological Survey of Canada Atlantic, P.O. Box 1006, 
Dartmouth, NS, B2Y 4A2 

Submarine canyons and channels are important conduits for carrying 
sediment from the outer shelf to the abyssal plain.  The Scotian Slope 
lies approximately 200 km south of Nova Scotia and trends 
northeast/southwest, parallel to the modern coastline.  South of Western 
Bank and Banquereau, the Slope is heavily incised by submarine 
canyons.  In 2000, more than 20 000 square kilometres of multibeam 
bathymetry was collected on the central Scotian Slope between 
Mohican Channel and the Gully, from 150 to 3500 metres water depth.  
A series of groundtruth expeditions occurred over subsequent field 
seasons, which together with the multibeam data provide an excellent 
dataset for investigating continental slope processes.  This study uses 
qualitative and quantitative geomorphology techniques to describe and 
interpret submarine canyons and channels on the Scotian Slope. 
The morphology of the central Scotian Slope ranges from planar in 
cross-section with little relief in the west, to concave-up in cross-
section with irregular relief in the east.  In the eastern part of the study 
area major submarine canyons and intercanyon divides are the 
dominant features.  The canyons are dendritic and form distinct 
catchments which coalesce into large channels on the continental rise.  
A few canyons erode into the continental shelf, the Gully being the 
most severe example.  Most canyon tributaries head on the upper slope 
in glacial till, however some head in water depths as great as 1000 
metres.  On some canyons there is less rill and gully development on 
the canyon walls and there is more evidence of seafloor retrogression.  
Between Mohican Channel and Verrill Canyon, the seafloor has a 
unique planar shape which is superimposed with continuous failure 
escarpments up to 100 metres in height.  Previous studies have shown 
that this area has experienced repeated small-scale seabed failure 
during the Pleistocene, which may explain the distinctive shape.  
Evidence of seafloor retrogression is common on the upper slope in the 
western part of the study area, with failure scarps terminating in more 
competent outer shelf deposits.  Linear channels with low relief are 
present and are continuous from the upper slope to the continental rise. 
A model is presented that relates canyon style to the major features of 
shelf crossing glaciation.  We evaluate the relative importance of direct 
hyperpycnal flow from meltwater, sediment fallout from proglacial 
plumes, retrogressive slope failure, and sediment character of the upper 
slope in development of the canyon systems. 
 
A NEW SCOTIAN SLOPE SURFICIAL GEOLOGY MAP 
SERIES  

CAMPBELL, D.C, ccampbe@nrcan.gc.ca, PIPER, D.J.W., 
MOSHER, D.C. and JENNER, K.A., Geological Survey of 
Canada Atlantic, P.O. Box 1006, Dartmouth, NS, B2Y 4A2 

In 2000, more than 20 000 square kilometres of contiguous multibeam 
bathymetry was collected on the central Scotian Slope south of Nova 
Scotia.  The surveys were lead by the Geological Survey of Canada 
(GSC) in collaboration with various commercial and government 
groups.  Subsequent field seasons saw several groundtruth expeditions 
which included piston coring, bottom photography, ROV 
investigations, RALPH deployments, and high resolution geophysics.  
These data underpinned a number of immediate scientific needs such as 
providing regional assessments of sediment stability and geohazards to 
offshore regulators, establishing the Gully as a marine protected area, 
and providing seafloor information with regards to deepwater habitats. 
A series of five 1:100 000 map areas encompassing the multibeam 
survey are currently being prepared for the Central Scotian Slope and 
will be released under the GSC's A-Series format in 2005.  Map sheets 
for each area will include seabed topography, seabed material 

(approximately the upper 0.2 metres of seabed) and surficial geology 
(approximately the upper 50 metres of seabed), but may also include 
slope stability and habitat sheets in smaller areas.  Mapping procedures 
include traditional marine geological mapping techniques, along with 
qualitative and quantitative geomorphological analyses.  The maps will 
be created in a G.I.S. and will be available as hardcopy map sheets as 
well as G.I.S. layers accessible over the World Wide Web.  The maps 
will capture the current state of knowledge for the study area and will 
provide a basis for further research.  As well, the maps will be a 
starting point for interested parties, such as regulatory agencies and 
industry, who require this type of information. 
 
IDENTIFICATION OF ORE CONTROLS AT THE LISHEEN 
Zn-Pb DEPOSIT, COUNTY TIPPERARY, IRELAND:  
APPLICATIONS TO MINE GEOLOGY AND NEAR-MINE 
EXPLORATION  

CARBONI, V.1, GUVEN, J2, HENDERSON, K.2, CHAPMAN, 
C.2, BADENHORST, C.2, BONSON, C.1 and WALSK, J.1,  1 

Department of Geology, University College Dublin, Dublin 4, 
Ireland;  2 Lisheen Mine, Killoran, Ireland 

Identification of ore controls is critical in all aspects of mine geology, 
including boundary definition, mineral resource models and grade 
control.  It also provides for more realistic exploration models.  This 
presentation will summarize current concepts on the ore geology of the 
Lisheen Zn-Pb deposit (Co. Tipperary), based on the examination of a 
large dataset of over 2.000 surface and underground diamond drill-
holes as well as underground exposures.  We will then show how these 
concepts have been implemented by Lisheen Mine and Anglo-
American staff in various aspects of mine geology and near-mine 
exploration. 
The Lisheen deposit is formed by stratiform lenses of massive 
sulphides distributed over a ca. 3.5 x 1.5 kilometre area.  Mineralization 
is generally confined to the basal 30 metres of a dolomitised sequence 
of mudstones and wackstones (Waulsortian Formation).  In addition, 
stratiform and discordant massive sulphides are found in minor 
amounts through the underlying argillaceous grainstones to packstones 
of the Ballysteen Formation.  Ore textures show that most sulphide 
minerals postdate deposition and lithification of the host sediments. 
Brittle structures form the most important control on fluid flow and ore 
deposition at Lisheen.  Syn-sedimentary normal faults can be shown, 
by geometric constraints and ore textures, to predate most of the ore 
minerals.  However, field observations and grade distribution maps 
strongly suggest that the 3-D architecture of the fault systems was 
critical in the formation of the deposit.  In particular, breached relays 
along the major fault arrays formed sub-vertical pipes of highly 
fractured rocks and breccia along fault intersections, or branch-lines.  
These carbonate breccia were to some degree enhanced by dissolution 
processes, providing effective conduits for ascending fluids.  Similarly, 
pre- to syn-mineralization tectonic and hydrothermal processes led to 
ground preparation and enhanced the permeability of the host horizons.  
Examination of a large number of core- to outcrop-scale examples of 
ore shoots shows that ore minerals were initially deposited in trap 
systems formed by the combination of favourable lithologies and minor 
faults. 
 
METABASITE EQUILIBRIA AND THE VIRTUAL STABILITY 
OF RELICT IGNEOUS CLINOPYROXENE AT LOW 
METAMORPHIC GRADE  

CARMICHAEL, D.M, Queen's University, Kingston, ON, K7L 
3N6, carmicha@geol.queensu.ca 

Mineral equilibria in metabasites in subgreenschist, greenschist, and 
lower amphibolite facies are modelled in the system K2O-Na2O-CaO-
MgO-Al2O3-SiO2-H2O (KNCMASH), taking rough account of 
additional components by means of ideal activities based on 
microprobe analyses of coexisting minerals.  The PTAX or TWQ 
software package is splendidly suited to this task.  The resulting P-T 
phase diagram is simplified by deleting all equilibrium curves that are 
not pertinent to LeMaitre's average basalt.  The 23 pertinent curves 
involve epidote, lawsonite, pumpellyite, actinolite, hornblende, 
glaucophane, muscovite/phengite, biotite, chlorite, prehnite, albite, 
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plagioclase (An25), laumontite, heulandite, wairakite and quartz.  
Calcite or aragonite may be present or absent without significant effect 
on the diagram.  At T>400°C, "relict igneous clinopyroxene" may be 
substituted for actinolite without significant effect on the diagram. 
A check on internal consistency is provided by the assemblage 
epidote+lawsonite+pumpellyite+chlorite+prehnite+laumontite+quartz 
in Permian metatuffs from the Countess Range, New Zealand.  If 
equilibrium was attained and quenched, two independent CMASH 
equilibria involving these minerals should intersect at a P-T point on 
the CASH curve laumontite=lawsonite+2quartz+2H2O.  Using 
thermodynamic data from Gottschalk (1997, Eur J Mineral 9, 175-223) 
gives large triangles of error on the high-P side of the CASH curve. 
Using data from Holland and Powell (1998, J Metam Geol 16, 309-
343) gives moderate triangles on the low-P side of the CASH curve.  
Using data from Berman (1988, J Petrol 29, 445-522) and deCapitani 
and Liou (unpublished) gives small triangles almost coincident with the 
CASH curve. 
 
ASSIMILATION OF COUNTRY-ROCK ILMENITE AND 
RUTILE IN THE SOUTH MOUNTAIN BATHOLITH, NOVA 
SCOTIA, CANADA  

CARRUZZO, S, carruzzo@dal.ca, and CLARKE, D.B, 
Dalhousie University, Life Sciences Centre, 1355 Oxford St., 
Halifax, NS, B3H 4J1 

The Late Devonian South Mountain Batholith (SMB) is a peraluminous 
granitoid complex with physical and chemical evidence of 
contamination by metasedimentary country rocks of the Meguma 
Supergroup.  This study compares the textural and chemical variations 
in ilmenite and rutile in the Meguma country rock, Meguma xenoliths, 
and SMB granites during their assimilation by the granitic magma, as 
follows: ilmenite - Meguma (subhedral to euhedral, ovoid or lath-
shaped, poikilitic, composite with rutile and/or titanite, with bimodal 
distribution of compositions of 3.3-11.2 and 21.1-23.9 wt% MnO); 
xenoliths (subhedral to euhedral, ovoid, with bimodal distribution of 
compositions of 4.4-9.7 and 18.7-23.5 wt% MnO); granite, (two 
populations, including anhedral to subhedral, composite rutile-ilmenite, 
with bimodal distribution of compositions of 5.8-15.3 and 19.7-21.3 
wt% MnO, of apparent xenocrystic origin, and elongated or blocky 
subhedral to euhedral grains, with unimodal distribution of 
compositions of 1.5-16.5 wt% MnO, chemically zoned with rims 2-
12% more enriched in MnO than cores, of apparent magmatic origin); 
rutile - Meguma (ovoid or lath-shaped, poikilitic, composites with 
ilmenite and/or titanite); xenoliths (anhedral to subhedral, commonly in 
a symplectic texture with undetermined silicates or titanite); granite, 
(two populations, including recrystallized, anhedral to rare euhedral, 
composite with ilmenite or displaying symplectic texture, unzoned, low 
(Nb+Ta) of apparent xenocrystic origin, and anhedral to euhedral, 
oscillatory zoned, high (Nb+Ta), common in the moderately to highly 
evolved granitic rocks, of apparent magmatic origin).  In the least 
evolved rocks of the SMB, ilmenite is magmatic and xenocrystic, 
whereas rutile appears to be exclusively xenocrystic.  In rocks from 
intermediate stages of evolution, magmatic ilmenite and rutile are more 
abundant than xenocrystic ilmenite and rutile.  In the most evolved 
rocks, ilmenite effectively disappears from the mineral assemblage, and 
rutile is exclusively of magmatic origin. 
 
INFLUENCE OF LONG-TERM COMPOST ADDITIONS ON 
SOIL WATER AND AIR PARAMETERS:  CHARACTERIZING 
THE 'COMPOST EFFECT' IN POTATO ROTATIONS  

CARTER, M.R, SANDERSON, J.B. and MACLEOD, J.A., 
AAFC Research Centre, Charlottetown, PE, C1A 4N6, 
carterm@agr.gc.ca 

Potato (Solanum tuberosum L.) rotations are often characterized by low 
levels of soil organic matter and consequently exhibit poor soil physical 
quality.  Compost produced from culled potatoes, manure and sawdust 
(3:3:1) was applied four times (13 Mg DM ha-1), over a ten year period, 
to a three- year barley (Hordeum vulgare L.) - red clover (Trifolium 
pratense L.) - potato (cv. ‘Russet Burbank’) rotation established on a 
Charlottetown fine sandy loam (Humo Ferric Podzol).  Soil physical 
and biological properties were measured throughout each phase of the 

rotation.  Emphasis was placed on characterizing soil porosity and 
water properties after the ten-year period.  Compost decreased soil bulk 
density and improved the soil water holding capacity at 0.033 MPa in 
the potato year, compared to the control (no compost).  Soil macro-
porosity and particulate organic nitrogen were also improved by 
compost additions.  The improvement in soil water-holding capacity 
was considered to be the main ‘compost effect’ on soil physical quality. 
 
CHEMICAL COMPOSITION OF APATITE FROM QUARTZ 
DIORITE PHASES OF THE WHISTLE OFFSET, SUDBURY:  
EVIDENCE FOR RAPID CRYSTALLIZATION AND FLUID 
EXSOLUTION FROM QUARTZ DIORITE MAGMAS  

CARTER, W.M., WATKINSON, D.H. and JONES, P.C., 
Department of Earth Sciences, Ottawa-Carleton Geoscience 
Centre, Carleton University, 1125 Colonel By Drive, Ottawa, ON, 
K1S 5B6, wcarter@connect.carleton.ca 

Apatite is a common accessory mineral in the Quartz Diorite (QD) 
phases of the offset structures associated with the Sudbury Igneous 
Complex.  Three phases of QD occur at the Whistle Offset: quartz 
diorite (QD), inclusion quartz diorite (IQD), and leucocratic quartz 
diorite (LQD).  QD and LQD are distinguished by the presence of 
abundant K-feldspar (not a normal constituent of QD), whereas IQD is 
inclusion-bearing.  Apatite crystals found in these phases are 
characteristically long and acicular, commonly found in quartz-feldspar 
granophyric intergrowths, and occasionally containing axial melt 
inclusions of quartz-feldspar granophyric material.  The crystal habit in 
association with the granophyric intergrowths, indicate rapid growth 
and crystallization in a volatile-rich melt. 
Back-scattered electron imagery reveals that apatite grains are 
generally homogeneous or irregularly mottled with respect to REE 
concentrations.  Cerium, neodymium, and lanthanum vary the greatest 
in these zones, and it is through coupled substitution with Si and Na 
ions for Ca and P sites that the charges are compensated for and the 
zonations occur.  The irregular morphology of the REE-enriched and 
depleted zones reflects the variability of the melt environment, and the 
rapid rate of change within that environment. 
Sixty-six electron microprobe analyses were carried out on apatite 
grains from QD phases at different intervals along the offset (Proximal, 
Intermediate and Distal).  The Proximal Zone is named due to its close 
proximity to the embayment structure where 5.7 million tons of 
"contact-style" Ni-rich ore was mined from the Whistle open-pit.  The 
Distal Zone (referred to as the North Deposit by FNX Mining) is 
approximately 600 m northeast, where massive chalcopyrite vein-style 
mineralization occurs.  The Intermediate Zone is equidistant between 
these two, and the style of mineralization ranges from disseminated to 
thin veins/veinlets. 
Electron microprobe data show that the apatite is fluorian, suggesting 
that most of the Cl in the magma was exsolved in the fluid/volatile 
phase.  This may have been available to act as a ligand for copper and 
precious metal element transport, and subsequent precipitation as veins.  
Average compositions are as follows: 3.14 wt. % F, 0.04 wt. % Cl, 0.28 
wt. % Ce, 0.15 wt. % Nd, and 0.14 wt. % La.  These are quite 
comparable to apatite compositions from other Offset Dykes, where F 
values generally range from ~ 2-4 wt. % F and 0-0.05 wt. % Cl.  No 
distinction in apatite composition within the different QD phases or 
within the different zones was observed. 
 
A PRELIMINARY ANALYSIS OF THE SUBMARINE 
MORPHO-SEDIMENTOLOGY OF THE BETSIAMITES - 
RIMOUSKI AREA, ST. LAWRENCE ESTUARY, QUÉBEC, 
CANADA  

CAUCHON-VOYER, G.1, LOCAT, J.1, ST-ONGE, G.2, GODIN, 
A.3 and SANFAÇON, R.4,  1 Laboratoire d’études sur les risques 
naturels, Department of Geology and Geological Engineering, 
Université Laval, QC  G1K 7P4, Canada;  2 ISMER, Université du 
Québec à Rimouski, Rimouski, QC, Canada;  3 CIDCO, 
Rimouski, QC, Canada;  4 Canadian Hydrographic Services, 
Institut Maurice Lamontagne, Mont-Joli, QC, Canada 
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Studies of the seafloor of the St. Lawrence Estuary (Québec) between 
Betsiamites and Rimouski provides useful insight into submarine 
processes such as sediment instability and erosional and depositional 
mechanisms in this sector of the Estuary.  Multibeam bathymetric and 
seismic reflection surveys conducted as part of COSTA-Canada project 
between 2001 and 2003 revealed the existence of complex submarine 
structures, formed by several types of depositional mechanisms, 
adjacent to the coastal sub-aerial Betsiamites slide.  This sub-aerial 
landslide is linked to the 1663 earthquake (Bernatchez 2003) which 
also seems to have triggered a major submarine debris flow on the 
plateau.  In this research we will describe the morpho-sedimentology of 
the various submarine features in order to establish a depositional 
sequence and erosional history of the sediments.  The linkage between 
the sub-aerial landslide and the submarine mass movement signatures 
will also be investigated in order to identify a potential correlation 
between these events. 
 
APATITE FISSION TRACK THERMOCHRONOLOGICAL 
CONSTRAINTS FOR THE INTERPLAY OF MAGMATISM, 
DEFORMATION AND LANDSCAPE DEVELOPMENT IN THE 
CENTRAL ANDES  

CEMBRANO, J.1, J., jcembrano@ucn.cl, YAÑEZ, G.2, 
GYane003@codelco.cl, ZENTILLI, M.3, zentilli@dal.ca, GANA, 
P.1, pgana@sernageomin.cl, ROJAS, C.1, corojas@ucn.cl, and 
DONELICK, R.A.4, donelick@apatite.com,   1 Departamento de 
Ciencias Geológicas, Universidad Católica del Norte, 
Antofagasta, Chile;  2 Codelco-Chile;  3 Department of Earth 
Sciences, Dalhousie University, Halifax, NS, B3H 3J5;  4 Apatite 
to Zircon, Inc., Idaho, USA 

The Central Andes offer a unique opportunity to address the nature of 
the interplay of magmatism, crustal deformation, and landscape 
development.  Understanding the link between intra-arc tectonics and 
morphology at convergent margins is important for various reasons 
including hazard assessment and mineral exploration. 
New and published apatite fission track (AFT) data for several east-
west transects across the Chilean Andes from 23 to 34ºS suggest a 
history of inland migration of the orogenic front towards the end of a 
series of eastward younging magmatic arcs.  Magmatism ceased along 
the axis of the Coastal Cordillera of northern and central Chile at ca. 
110 Ma, after which the roots of the magmatic arc were uplifted and 
exhumed at ca. 100 Ma concomitant with a regional-scale mid-
Cretaceous intra-arc transpressional-compressional event.  Magmatism 
migrated to the east during the Late Cretaceous and was established 
along the Central Depression.  Mildly compressional to transtensional 
deformation between ~80 Ma and ~55 Ma produced little topographic 
relief and exhumation.  During the Eocene, at ca. 40 Ma, the magmatic 
arc axis migrated to the Domeyko Cordillera, site of the giant 
porphyry-copper deposits of northern Chile.  AFT data document 
relatively high exhumation rates of the Cordillera plutons under 
transpressional deformation at ca. 30 Ma, after which the magmatic arc 
migrated to the east again close to its present position at the continental 
divide.  In Central Chile, other transpressional pop-up ranges developed 
at ca. 15-10 Ma and 5 Ma respectively, as documented by AFT data 
from the present-day main range. 
The close spatial and temporal relationship between magmatic arc 
transpressional tectonics and exhumation of eastward-younging 
mountain ranges in the Central Andes suggests that progressively 
cooler conditions in the upper crust at the end of each magmatic cycle 
triggered the formation of orogen-parallel transpressional brittle fault 
systems.  The uplift and exhumation of the plutonic core of the 
magmatic arc, at progressively younger ages from west to east, was 
probably further enhanced by the development of a much thicker 
continental crust then subjected to isostatic forces.  Furthermore, rapid 
exhumation resulting from isostatic rebound after crustal thickening 
may have triggered decompression melting of a homogenized lower 
crust/upper mantle. 
The inland migration of the tectonomagmatic front from the mid- 
Cretaceous probably resulted from the opening of South Atlantic and 
the associated onset of the westward motion of South America at ca. 
118 Ma.  This, in turn, enhanced subduction erosion and/or slab 
flattening along the Central Andes margin. 

 
CLASSIFICATION OF GRANITIC PEGMATITES  

CERNÝ, P., Geological Sciences, University of Manitoba, 
Winnipeg, MB, R3T 2N2, p_cerny@umanitoba.ca, and ERCIT, 
T.S, Research Division, Canada Museum of Nature, Ottawa, ON, 
K1P 6P4 

Classification of granitic pegmatites was frequently attempted during 
the past century, with variable degrees of success and applicability.  
Internal structure, paragenetic relationships, bulk chemical 
composition, petrogenetic aspects, nature of parent medium, and 
geochemical features were applied.  However, all schemes were 
marked by contemporary degrees of understanding of these parameters, 
and most attempts were hindered by ignoring differences in geological 
environment.  Substantial progress was achieved only since the late 
nineteen seventies.  The classification is approached here from two 
directions, based on but broadened and refined from earlier works by 
Ginsburg and Cerný.  The first concept deals with geological milieu, 
leading to division of granitic pegmatites into five classes (abyssal, 
muscovite, muscovite - rare-element, rare-element, and miarolitic), 
most of which are subdivided into subclasses with fundamentally 
different geochemical (and in part geological) characteristics.  Further 
subdivision of most subclasses follows more subtle differences in 
geochemical signatures or P-T conditions of solidification, expressed in 
variable assemblages of accessory minerals.  Virtually all granitic 
pegmatites that constitute significant portions of global pegmatite 
population can be classified using this concept.  The second approach is 
petrogenetic, developed for pegmatites derived by igneous 
differentiation from plutonic parents.  Three families are distinguished: 
an NYF family with progressive accumulation of Nb, Y and F (besides 
Be, REE, Sc, Ti, Zr, Th and U), fractionated from subaluminous to 
metaluminous A- and I-granites that are generated by a variety of 
processes involving depleted crust and/or mantle contribution; a 
peraluminous LCT family marked by prominent accumulation of Li, Cs 
and Ta (besides Rb, Be, Sn, B, P and F) derived mainly from S-
granites, less commonly from I-granites; and a mixed NYF + LCT 
family of diverse origins (e.g., NYF plutons contaminated by digestion 
of undepleted supracrustals). 
 
GEOCHEMISTRY AND MINERALOGY OF HFSE IN 
INTRACRATONIC CARBONATITES:  IMPLICATIONS FOR 
THEIR ECONOMIC POTENTIAL (ON THE EXAMPLE OF 
KOLA ALKALINE PROVINCE)  

CHAKHMOURADIAN, A.R., University of Manitoba, 
Winnipeg, MB, R3T 2N2, chakhmou@ms.umanitoba.ca 

Intracratonic (failed) rift settings commonly feature products of 
alkaline and carbonatite magmatism comprising complex multiphase 
intrusions (± extrusive rocks).  Intrusive carbonatites are an important 
industrial source of Nb, Zr, REE and P2O5, and a potential source of Ti.  
The Kola Alkaline Province in northern Europe is, perhaps, the best-
studied area of carbonatite magmatism with various types of associated 
mineralization.  The carbonatitic rocks at Kola and worldwide exhibit a 
significant variation in their content of high-field-strength elements 
(HFSE), including Ti, Nb, Ta, Zr and Hf.  The average abundances of 
HFSE generally decrease from phoscorites and silicocarbonatites to 
calciocarbonatites to magnesiocarbonatites.  In comparison with the 
primitive mantle, the average carbonatite has significantly higher 
Nb/Ta and Zr/Hf, but lower Zr/Nb and Zr/Ta ratios.  The HFSE5+-
enriched and Ta-Hf-depleted signature of carbonatites may result from 
metasomatic processes in the lithospheric mantle (e.g., reaction of 
primitive plume-derived carbonate melts with lherzolite), in 
combination with subsequent removal of more refractory Ta and Hf 
from carbonatitic magmas at crustal levels through fractionation of 
liquidus oxide minerals.  At Kola, complex Ti, Nb and Zr oxides 
(baddeleyite, zirconolite, calzirtite, perovskite-, pyrochlore- and 
ilmenite-group minerals) are primary HFSE hosts in early calcite 
carbonatites and phoscorites; Hf-poor zircon is of lesser significance.  
All major HFSE phases may serve as vehicles of heavy-HFSE 
fractionation, as their lowest recorded Nb/Ta and Zr/Hf values are 
significantly smaller than the respective ratios for the average 
carbonatite.  Titano-, niobo- and zirconosilicates are restricted to 
deuteric and metasomatic parageneses developed after and at the 
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expense of the primary HFSE minerals during the late evolutionary 
stages, or as a result of metasomatic overprint in the wallrocks.  
Depending on the activity of silica, Na, and other cations in deuteric 
(metasomatic) fluids, these parageneses may also contain complex Ti-
Nb oxides enriched in Sr, Ba and/or REE (e.g., bariopyrochlore), TiO2 
polymorphs, late-stage baddeleyite, and poorly characterized Ti-Nb-Zr 
phases.  Evolution of fluids causes systematic changes in modal 
mineralogy and/or composition of minerals.  The mobility of HFSE in 
these environments is determined by the nature and relative stability of 
their aqueous complexes.  In general, it is enhanced in the presence of 
several types of complexing ligands.  Mass removal of the complexing 
ligands from the fluid (i.e. by concurrent precipitation of carbonates 
and apatite, or through wallrock metasomatism) is conducive to the 
development of economic HFSE mineralization.  Ta and Hf complexes 
decompose at higher temperature, lowering the Nb/Ta and Zr/Hf ratios 
in early-crystallizing minerals. 
 
SUBSOLIDUS PHASE RELATIONSHIPS IN THE SYSTEM  
CaN(TiN-XNbX)O3N+0.5X  

CHAKHMOURADIAN, A.R, University of Manitoba, Winnipeg, 
MB, R3T 2N2, chakhmou@ms.umanitoba.ca, and MITCHELL, 
R.H , Lakehead Univesity, Thunder Bay, ON, P7B 5E1 

Perovskite (ideally CaTiO3) from calcite carbonatites commonly 
contains a significant amount of “excess” Nb that cannot be accounted 
for by the substitutions NaNb(CaTi)-1 and NbFe3+(Ti)-2.  This “excess” 
Nb is conventionally assigned to the unnamed hypothetical end-
member Ca4Nb4O14.  Unlike perovskite, Ca4Nb4O14 has a layered 
structure, which can be interpreted as a stacking of perovskite-like slabs 
four NbO6 octahedra thick and related to one another by ½[011] 
crystallographic shears (Levin et al. 2000).  The inter-slab spacings 
allow for the accommodation of more oxygen atoms in Ca4Nb4O14 
relative to perovskite (4 x CaTiO3 = Ca4Ti4O12).  The maximum 
estimated proportion of Ca4Nb4O14 in natural samples is 40 mol%.  
However, these samples show no evidence of periodic shear or 
Ca4Nb4O14 domains in the structure (Mitchell et al. 1998).  To explain 
this discrepancy, we investigated limits of solubility between the 
CaTiO3 (CT) and Ca4Nb4O14 (CN) end-members using synthetic 
compositions.  Samples with nominal compositions of 0, 20, 40, 60, 80 
and 100 mol% CN (CN-0...100) were prepared by sintering in air.  
Thus, all obtained compositions should satisfy the general formula 
Can(Ti4+

n-xNb5+
x)O3n+0.5x.  The synthesis products were characterized by 

scanning and transmission electron microscopy, electron-microprobe 
analysis, and X-ray powder diffraction combined with full-profile 
structure refinements. 
The limit of Nb solubility in CT is ca. 16 wt.% Nb2O5 (or 17% of the 
total occupancy of the B site).  Charge neutrality of the Nb-doped 
perovskite is maintained through the accommodation of “surplus” 
oxygen along non-periodic shear planes, and formation of vacancies in 
the A(Ca) site.  Ca0.99(Ti0.87Nb0.13)O3.06 is isostructural with, but has a 
larger cell than, CT: Pbnm, a 5.3922(4), b 5.4552(4), c 7.6619(5) Å.  In 
addition to the Nb-doped perovskite, samples CN-20-60 contain an 
increasing proportion of Ca6Ti2Nb4O20 (n = 6, x = 4).  This phase is 
orthorhombic, Cmcm or Cmc21, a 3.844(1), b 37.573(8), c 5.478(2) Å; 
its structure is similar to that of Ca4Nb4O14, but consists of perovskite-
like slabs six (Nb,Ti)O6 octahedra thick.  Sample CN-80 consists 
entirely of Ca5TiNb4O17 (n = 5, x = 4).  This phase is orthorhombic, 
Pmnn or P2nn, a 3.843(2), b 32.020(11), c 5.485(2) Å, and consists of 
slabs five octahedra thick.  Sample CN-100 corresponds to Ca4Nb4O14 
(n = 4, x = 4) well characterized in the literature.  In summary, a 
subsolidus assemblage of Nb-doped perovskite with Ca6Ti2Nb4O20 is 
stable over a wide compositional range, and is replaced at high Nb 
contents by layered perovskite-like structures with x = 4 and 
progressively decreasing n. 
 
TITANIFEROUS GARNETS IN CARBONATITES:  THEIR 
SIGNIFICANCE AND PLACE IN THE EVOLUTIONARY 
HISTORY OF HOST ROCKS  

CHAKHMOURADIAN, A.R.1, chakhmou@ms.umanitoba.ca, 
MCCAMMON, C.A2, MACBRIDE, L1 and CAHILL, C.L3,  1 

University of Manitoba, Winnipeg, MB, Canada;  2 Bayerisches 

Geoinstitut, Universität Bayreuth, Bayreuth, Germany;  3 George 
Washington University, Washington, DC, USA 

Members of the garnet mineral group (X3Y2Z3O12) are important 
accessory minerals in silicocarbonatites and calcite carbonatites.  Early 
garnets occur as discrete crystals, or segregations of crystals 
(commonly confined to the contact with silicate wall-rocks) of reddish 
to dark brown color in thin section.  They are associated with calcite, 
perovskite, magnetite, apatite and Zr oxides.  Compositionally, these 
garnets are intermediate members of a complex solid solution between 
andradite, schorlomite, kimzeyite and morimotoite.  They contain 8-17 
wt.% TiO2, up to 30 wt.% ZrO2, 0.5 wt.% Nb2O5, and up to 0.6 wt.% 
Na2O.  Zoned garnets typically have a higher proportion of Ti in the 
core, or exhibit an oscillatory zoning pattern involving minor variations 
in Ti.  The Zr content may increase or decrease from the core outward.  
These garnets are (OH)-free or (OH)-poor, and invariably show Si 
deficiency in the Z site (typically on the order of 20-25% of the total 
site occupancy).  A combined structural-spectroscopic study of 
schorlomite showed that this deficiency is compensated by Fe3+ and Al; 
there is no evidence for Ti4+ in the Z site or Ti3+ in the Y site.  The 
structural formula of the early-crystallizing garnets can be generalized 
as (Ca,Mn,Na,Fe2+)3(Fe3+,Fe2+,Ti,Zr,Mg)2(Si,Fe3+,Al)3O12.  Late-stage 
garnets in carbonatitic rocks occur as: (i) yellow mantles on, and 
fracture fillings in, primary garnets and perovskite consisting of titanian 
(< 8 wt.% TiO2) andradite with variable Al contents; (ii) colorless 
overgrowths on, and fracture fillings in, primary ilmenite consisting of 
titanian hibschite (up to 9.5 wt.% TiO2); (iii) discrete colorless crystals 
of hibschite commonly associated with chlorite.  All late-stage garnets 
exhibit some deficiency of Si, which is compensated predominantly by 
the accommodation of OH groups in the Z site.  The Na and Zr contents 
are characteristically low (usually below the detection limit by electron-
microprobe analysis).  In common with Ca-(Fe,Ti) garnets, Ti in 
hibschite is accommodated in the Y site.  Late-stage garnets commonly 
exhibit an oscillatory zoning involving variations in the Fe3+/Al and/or 
Ti/Al ratios.  The structural formula of these garnets may be 
generalized as (Ca,Mn)3(Al,Fe3+,Ti,Mg)2[Si3-x(OH)4xO12-4x].  The mode 
of occurrence and composition indicate that low-Ti andradite and 
hibschite form by reaction of a primary Ti mineral with an acidic 
aqueous fluid and by direct precipitation from that fluid. 
 
POST-OROGENIC COOLING IN A DEEPLY ERODED 
OROGEN:  TRANS-HUDSON OROGEN, REINDEER LAKE, 
SASKATCHEWAN  

CHAKUNGAL, J., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4J1, jchakung@dal.ca, 
REYNOLDS, P.H., JAMIESON, R.A. and CORRIGAN, D. 

We present 40Ar/39Ar hornblende and muscovite data from a north-
south transect along Reindeer Lake, Saskatchewan, that crosses the 
Reindeer Zone of the Paleoproterozoic Trans-Hudson Orogen (THO).  
In the study area, the Reindeer Zone comprises a collage of deformed 
and metamorphosed sedimentary, volcanic, and plutonic rocks 
representing continental margin and juvenile arc terranes.  From south 
to north, the transect crosses the Glennie, Kisseynew, and La Ronge 
domains and the Wathaman Batholith, which were accreted during 
collision between the Archean Superior and Rae-Hearne cratons and 
intervening magmatic arcs at ca. 1850 – 1800 Ma. Pressure–
temperature (P–T) conditions of 600–730°C at 4.5–6.0 kbar were 
experienced across the Reindeer Zone during D2 peak metamorphism 
between 1820–1790 Ma.  Based on the distribution of 40Ar/39Ar 
hornblende ages, much of the transect had cooled through ~500°C by 
ca. 1765 Ma, with two significant exceptions.  The preservation of 
older ages in the Archean Peter Lake Domain suggests that the north 
end of the transect did not experience the high-grade Paleoproterozoic 
metamorphism that affected the rest of the transect, and suggests a 
structural break between the Peter Lake Domain and higher grade rocks 
of the Cree Lake Zone further to the north.  In the south-central part of 
the transect, U–Pb (monazite, titanite) and 40Ar/39Ar (hornblende, 
muscovite) ages indicate that rocks in the vicinity of the ductile, thrust-
sense Duck Lake Shear Zone, which separates the Kisseynew and La 
Ronge domains, cooled through ~500°C approximately 20–25 million 
years later than adjacent rocks, at a rate of 6°C/My.  Based on generic 
thermal–tectonic models for large hot orogens, we suggest that delayed 
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cooling in the vicinity of the Duck Lake Shear Zone resulted from post-
orogenic thermal relaxation of lower crustal isotherms that were 
perturbed during convergence. 
 
FOLD ARCHITECTURES OF MID CRUSTAL FOLD AND 
THRUST BELTS:  AN EXAMPLE FROM THE CALEDONIDES 
OF NW SCOTLAND  

CHEER, D.A., dc37@st-andrews.ac.uk, ALSOP, G.I., School of 
Geography and Geosciences, University of St. Andrews, Irvine 
Building, North Street, St. Andrews, KY16 9AL, UK, 
STRACHAN, R.A., School of Earth and Environmental Sciences, 
University of Portsmouth, Burnaby Building, Burnaby Road, 
Portsmouth, PO1 3QL, UK, KRABBENDAM, M, BGS, 
Murchison House, Westmains Road, Edinburgh, EH9 3LA, UK, 
and HOLDSWORTH, R., Reactivation Research Group, 
Department of Earth Sciences, University of Durham, Durham, 
DH1 3LE 

The Neoproterozoic Moine rocks of Sutherland, north-western 
Scotland, preserve the exhumed remains of a mid-crustal fold and 
thrust belt which developed during the Caledonian Orogeny at ~435-
420Ma.  The area comprises a foreland (westerly) propagating thrust 
sequence, subdivided by two main ductile thrusts, into the Moine and 
the Naver Nappes.  The Moine Nappe is characterised by a 
predominantly shallowly ESE dipping foliation (S2) and ESE plunging 
mineral lineation (L2) resulting from regional top-to-the-WNW ductile 
thrusting.  Recent mapping and GIS aided structural analysis of the 
obliquity of minor folds (F2 and F3) to the transport parallel mineral 
lineation and relationships of bedding to foliation suggest that the 
Nappe can be divided into three geometrically distinct zones - see 
diagram below. 
“Zone 1” - The eastern and stratigraphically deepest zone is 
characterised by ~5km wavelength, broadly cylindrical F2 folds, with 
large regions of low strain where original sedimentary structures are 
exceptionally well preserved.  These include 2m trough-cross beds, soft 
sediment folds and dewatering structures. 
“Zone 2” - Formed at intermediate levels in the nappe pile, zone 2 
features meso-scale F3 folds which overprint older large scale F2 folds, 
with minor folds of both generations showing a range of obliquities in 
relation to the mineral lineation. 
“Zone 3” - A relatively narrow zone in which strain becomes localised 
towards the underlying Moine Thrust.  The S2 fabric becomes 
increasingly mylonitic with rotation of F2/F3 minor fold hinges, which 
lie at low angles to L2. 
The fold architectures within the different zones in this area contrast 
strongly to those in adjacent sections along strike to the North, where 
the F2 structures are tighter and strain is higher. 
 
THERMAL HISTORIES OF CRETACEOUS PUNGAM AND 
YEONGDONG BASINS IN KOREA BASED ON FISSION 
TRACK ANALYSIS  

CHOI, T., taejin99@snu.ac.kr, and LEE, Y.I., School of Earth 
and Environmental Sciences, Seoul National University, Seoul 
151-747 Korea 

Thermal histories of the Upper Cretaceous Pungam and Yeongdong 
basins in South Korea have been studied using fission track (FT) 
analysis.  The apatite and zircon samples from sedimentary rocks and 
granites were dated by the external detector method, and zeta 
calibration approach was used.  The apatite FT ages of the Pungam 
Basin are ca. 53 Ma while zircon grains have FT single grain ages 
ranging from ca. 65 to 89 Ma.  On the other hand, the Yeongdong 
Basin has apatite FT ages of ca. 63 Ma and its zircon FT ages range 
from ca. 64 to 77 Ma.  The apatite single grain ages of two basins are 
consistent in each basin and all are younger than their depositional 
ages, indicating total resetting of apatite fission tracks.  However, those 
zircon FT ages can be considered as partially annealed because some 
grains show FT ages coeval with or older than the depositional ages, 
despite of their low age dispersion.  As the scales of two basins are not 
large as much as to provide enough heat for partial annealing of the 
zircon fission tracks, the volcanic intrusion and associated 

hydrothermal fluid in/around the basin might be other heat sources for 
annealing of the tracks.  Based on these FT analytical results, thermal 
histories and recent cooling/uplift rate of the Pungam and the 
Yeongdong basins are investigated.  The Pungam and Yeongdong 
basins were heated after deposition to the zircon partial annealing zone 
(ZPAZ; 200-350°C) by burial and volcanism.  Then the Pungam Basin 
was cooled below 100°C at ca. 53 Ma due to uplift by transpression in 
the Late Cretaceous.  The cooling rate of the Pungam Basin from 
100°C to present surface temperature was ca. 1.60°C/Ma, 
corresponding the uplift rate of ca. 0.046 mm/yr.  On the other hand, 
the Yeongdong Basin was cooled to 100°C at ca. 63 Ma by uplift 
during transpression, and then uplifted to present surface as fast as 
0.039 mm/yr with cooling rate of 1.36°C/Ma.  Comparing these data 
with those of the Cretaceous Gyeongsang Basin, the Pungam Basin was 
uplifted later than Gyeongsang Basin to the depth of 2-3km below 
surface while the Yeongdong Basin was slightly earlier.  With 
additional FT length analysis from the Pungam and Yeongdong basins, 
we can provide more comprehensive information about thermal 
evolution of strike-slip basins in response to Late Cretaceous-Early 
Tertiary tectonics of Korea. 
 
AMMONIA EMISSIONS DURING THE COMPOSTING OF 
LIQUID SWINE MANURE  

CHRISTIE, B.S.M., University of Guelph, Guelph, ON, N1G 
2W1, achris01@uoguelph.ca 

Composting of livestock manures can result in substantial loss of N in 
the form of gaseous ammonia.  Preliminary trials have shown that 
dilute liquid swine manures can be successfully composted if mixed 
with sufficient quantities of carbon-rich material, thus potentially 
offering an alternative to liquid storage.  However, it is still unknown 
how much ammonia is lost in the process.  This research is focused on 
measurement of ammonia-N losses during the composting of liquid 
swine manure and wheat straw.  Various strategies for reducing these 
losses will also be explored.  Composting of the straw-manure mix will 
take place over 14 days in pilot-scale automated in-vessel units.  
Ammonia gas from exhaust air will be captured in an acid bubbler 
traps, then measured colorimetrically.  At various points during each 
composting run, samples will be taken for analysis, which involves the 
determination of NH4

+, NO3
-, % dry matter, total C, soluble C, total N, 

pH, and moisture content.  One technique to be tested for reducing 
ammonia emissions will involve the co-composting of the straw-
manure mixture with various quantities of aged compost and peat moss.  
It is hypothesized that the addition of these materials will help to lower 
the pH of the composting mass and stimulate nitrification.  A second 
ammonia-reduction strategy involves the addition of Mg and P salt at a 
rate of approximately 20% of the total initial N of the straw-manure 
mixture.  This technique is known to be effective based on lab-scale 
experiments, however it needs to be tested on a larger scale. 
Finally, vermicomposting will be examined as a possible alternative or 
partner strategy to in-vessel thermophilic composting.  This process 
occurs at much lower temperatures and does not require forced 
aeration, thus it is hypothesized that it will result in lower ammonia 
losses. 
 
MERCURY CONCENTRATIONS OF THE MAZAMA ASH:  
IMPLICATIONS FOR THE ATMOSPHERIC MERCURY 
BUDGET  

CHURCH, A.K., amber@alkhemedia.com, TELMER, K., 
ktelmer@uvic.ca, and SPENCE, J. School of Earth and Ocean 
Sciences, University of Victoria, P.O. Box 3055 STN CSC, 
Victoria, BC, V8W 3P6 

The eruption of Mount Mazama produced a massive ash deposit 
estimated at volumes of 57 km3.  Mercury concentrations across the ash 
were studied in order to better quantify volcanic emissions of mercury 
within the context of the global mercury budget.  The ash plume was 
divided into a proximal consolidated facies, and a distal unconsolidated 
facies.  It was found that the proximal facies contained significantly 
lower mercury concentrations than the distal facies.  Two models have 
been proposed in explanation of this.  The first suggests that mercury’s 
low volatilization temperature resulted in its thermal release during the 
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volcanic eruption.  This accounts for the low values of mercury 
observed within the proximal unit due to its high temperature at the 
time of deposition.  Some portion of the thermally released mercury 
(Hg0) would have been oxidized in the atmosphere to Hg2+, making it 
significantly more particle reactive.  Ash particles traveling with the 
eruption column would have cooled significantly allowing for re-
adsorption of the oxidized mercury to occur.  Therefore when these 
cooled particles were deposited within the distal facies they would have 
contained elevated mercury levels in comparison with the proximal 
facies.  The second scenario suggests that thermal release occurred for 
both facies and the low concentrations observed within the proximal 
unit represent the original concentrations of the entire ash deposit.  
Concentrations in the distal facies were then elevated due to post-
depositional processes that left the proximal facies unaltered due to 
buffering by both its consolidated nature and its thickness.  Mercury 
mass calculations resulted in values of 6 Mg of mercury for the 
consolidated facies and 924 Mg for the unconsolidated facies, resulting 
in 930 Mg for the entire deposit.  In order to determine atmospheric 
releases from this, the volcanic protolith was estimated to contain 
12392 Mg of mercury based on average concentrations of mercury 
found within rhyodacite, and by subtracting the mass contained within 
the ash, the release to the atmosphere was estimated at 11462 Mg.  
Through the comparison of frequencies of various volcanic eruptions it 
was determined that volcanic eruptions on average worldwide account 
for 70 Mg of mercury/year which is currently unaccounted for in the 
global mercury budgets.  The non-static nature of the global mercury 
cycle was highlighted by the fact that major volcanic events can 
drastically alter atmospheric concentrations of mercury on short time 
scales; the eruption of Mazama for example tripling atmospheric 
concentrations of mercury. 
 
NATURAL HAZARDS IN CANADA  

CLAGUE, J.J, Department of Earth Sciences, Simon Fraser 
University, Burnaby, BC, V5A 1S6, jclague@sfu.ca 

Hazardous geophysical processes operate in all parts of Canada and 
adjacent territorial waters, and are responsible for frequent natural 
disasters.  The west coast of Canada has the highest incidence of 
earthquakes in Canada and the country’s only active volcanoes.  
Earthquakes and volcanic eruptions are driven by lithospheric plate 
interactions beneath the eastern North Pacific Ocean.  Magnitude 9 
earthquakes are possible along the subduction zone off Canada’s west 
coast.  Moderate to large earthquakes also occur in southern Ontario 
and Québec and in parts of Northern Canada.  Tsunamis triggered by 
great earthquakes in the Pacific Ocean threaten communities on the 
west coast of Vancouver Island.  The tsunami of the giant 1964 Alaska 
earthquake caused over $10 million to Port Alberni, Tofino, Hot 
Springs Cove, and other west coast communities.  Canada’s only 
tsunami fatalities, however, were on the Atlantic coast.  A large 
offshore earthquake in 1929 caused a tsunami that drowned 27 people 
in Newfoundland.  Canada’s volcanoes are part of the Pacific Ring of 
Fire and range from small cinder cones to large stratovolcanoes that 
have erupted repeatedly during the Quaternary.  Canada’s greatest 
volcanic hazard derives from explosive eruptions in Washington and 
Alaska, where volcanoes are more active than our own.  Flooding 
causes more damage than any other physical process in Canada.  All 
streams and rivers flood, but some are much more hazardous than 
others.  Flooding is caused by a variety of processes, including rapid 
melting of snowpacks during spring and summer, ice-jam formation 
and break-up, convective storms, and outbursts from moraine- and 
glacier-dammed lakes.  In addition, the southern parts of Central 
Canada and the Maritimes are vulnerable to flooding from hurricanes 
that form in the tropical Atlantic Ocean.  Historical records indicate 
that landslides and snow avalanches have killed more than 600 people 
in Canada since 1850.  Landslides are common in the Cordillera, along 
the walls of river valleys cut into Cretaceous shale on the Interior 
Plains, and in sensitive glaciomarine clay in the St. Lawrence 
Lowlands.  Waves generated by landslides that enter rivers and lakes 
have caused substantial damage in several parts of the country, and 
structures at the edges of deltas may be damaged or destroyed by 
underwater landslides.  Avalanches occur widely in the mountains of 
western Canada, regularly blocking transportation routes and killing 
skiers and snowmobilers.  Projected climate warming will reduce the 

extent of permafrost in northern Canada, accelerating coastal erosion 
along the Beaufort Sea coast, damaging infrastructure, and increasing 
some types of landslides. 
 
“FOUR BILLION YEARS AND COUNTING”:  CANADA’S 
GEOLOGICAL HERITAGE  

CLAGUE, J.J.1, FENSOME, R.A2, HANMER, S.3, NOWLAN, 
G.4, TURNER, R.5 and WILLIAMS, G.L.2,  1 Department of Earth 
Sciences, Simon Fraser University, Burnaby, BC, V5A 1S6;  2 

Natural Resources Canada, Geological Survey of Canada 
(Atlantic), P.O. Box 1006, Dartmouth, NS, B2Y 4A2;  3 Natural 
Resources Canada, Geological Survey of Canada, 615 Booth St., 
Ottawa, ON, K1A 0E9;  4 Natural Resources Canada, Geological 
Survey of Canada (Calgary), 3303 - 33  Street NW, Calgary, AB, 
T2L 2A7;  5 Natural Resources Canada, Geological Survey of 
Canada (Pacific), 605 Robson Street, Suite 101, Vancouver, BC, 
V6B 5J3 

In this presentation, we introduce the idea of a popular book on the 
geology of Canada – a book about our nation’s fascinating geological 
heritage, which represents some four billion years of our planet’s 
history.  The volume will also show, in a dynamic, interesting and 
attractive way, how important geology is to the socio-economic history 
of Canada, as well as to many pressing issues such as hazard prediction 
(earthquakes, landslides, tsunamis), a safe and secure water supply and 
the prosperity of communities, especially in the North.  Several books 
of this nature have recently been published for regions of Canada, as 
well as for other countries, increasing public awareness in those 
jurisdictions.  Hence, it is time to develop a similar volume for Canada 
as a whole, not only to adorn the coffee tables of the nation, but to 
make geology more prominent in the minds of its citizens.  To this 
purpose we have assembled a team of authors and proposed an outline 
of 23 chapters, arranged provisionally into 6 parts: Introduction, 
Foundations, Canada’s Geological Mosaic, Into Recent Times, 
Geology and the Well-Being of Canadians and Communities, and Past 
and Future Canada.  We consider it vital that the book have a strong 
narrative thread; it will not be a “proceedings” volume or a text book.  
To help make the text accessible, non-specialist geologist and non-
geologist reviewers, as well as expert referees, will be sought.  The 
volume will be beautiful, with many full colour illustrations: the best 
appropriate photographs available from the geological and 
photographic communities; professional graphics and layout; and 
specially commissioned artwork to illustrate scenes from Canada’s 
geological past.  Although the targeted audience will be the interested 
adult non-geologist, successful books of a similar nature have clearly 
demonstrated that such compilations are indispensable as a general 
reference to all geologists – after all, we are all non-specialists in most 
sub-disciplines of our science.  Funding for the project will be sought 
through government, foundations and industry: we trust that this will 
not be an impossible task given the community-based nature of the 
project. 
 
MINERAL DEPOSITS AND THE EVOLUTION OF THE 
LABRADOR TROUGH  

CLARK, T., Ministère des Ressources naturelles, de la Faune et 
des Parcs, Québec, 5700 4e avenue ouest, A-210, Charlesbourg, 
QC, G1H 6R1, thomas.clark@mrnfp.gouv.qc.ca 

The Labrador Trough, which is part of the Paleoproterozoic Trans-
Hudson Orogen, comprises two major volcano-sedimentary cycles 
dated at 2.17-2.14 Ga and 1.88-1.87 Ga.  Continental-margin dolomites 
and cherts younger than 2.06 Ga separate the two cycles and mark a 
long period of quiescence.  The second cycle is capped by syn- to 
postorogenic molasse.  The Trough contains more than 300 known 
mineral deposits in Quebec and many others in Labrador.  First-cycle 
deposits differ in type from second-cycle deposits.  Deposit 
characteristics were controlled largely by the evolutionary stage during 
which the deposits formed.  Some deposit types reflect the effect of the 
global increase in atmospheric oxygen at ~2.3 Ga.  The oldest 
sedimentary rocks in the Trough are rift-related, fluvial redbeds 
deposited 2.17 Ga ago.  These redbeds and overlying, mainly grey or 
green, marine, continental-margin sedimentary rocks host syngenetic to 
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diagenetic copper and uranium deposits.  Turbidite and volcanic 
successions at the top of the first cycle contain few base metal deposits; 
similarly, coeval mafic intrusions appear to be devoid of magmatic 
sulfide deposits.  In spite of an oxygenated atmosphere during the first 
cycle, depletion of abundant ferrous iron contained in the waters of the 
presumably restricted marine basin did not occur until later, during 1.9 
Ga second-cycle deposition.  Then, Lake Superior- and Algoma-type 
iron formations and volcanic-associated massive sulfide deposits in 
sediment-dominated sequences were deposited on a marine platform 
and in a marginal basin.  Magmatic Cu-Ni-PGE deposits were formed 
in mafic-ultramafic intrusions and flows emplaced at the beginning of 
or during a major volcanic episode terminating the second cycle.  
Towards the end of volcanism, Nb-Ta deposits formed in a large 
carbonatite complex.  Circulation of tectonometamorphic fluids in 
regional and local faults at ~1.8 Ga resulted in the formation of 
epigenetic uranium and base- and precious-metal deposits in both 
cycles and in arkosic molasse.  Sedex-type deposits have not been 
found in the Trough.  Their absence in pre-iron formation, first-cycle 
rocks can be explained by high concentrations of reduced iron in the 
water column and the consequent lack of reduced sulfur.  Post-iron 
formation, second-cycle rocks would make better targets, but it is 
possible that reduced sulfur in seawater had not yet built up to 
sufficiently high concentrations for the development of sedex deposits. 
 
ASSIMILATION OF COUNTRY ROCKS IN GRANITIC 
MAGMAS:  PRINCIPLES, PROCESSES, AND PROBLEMS  

CLARKE, D.B., Earth Sciences, Dalhousie University, Halifax, 
NS  B3H 3J5, clarke@dal.ca 

Country-rock materials, either as intact xenoliths or as disaggregated 
xenocrysts, approach chemical equilibrium with the surrounding 
granitic magma by: 1. melting, that may be (i) fluid-present or (ii) fluid-
absent, depending on the temperature and water content of the magma, 
(iii) partial or (iv) complete, depending on the solidus and liquidus 
temperatures of the foreign material, (v) congruent or (vi) incongruent, 
depending on the phase(s) present, (vii) equilibrium (non-modal), if the 
anatectic melt and xenolith maintain chemical balance, (viii) fractional, 
if the melt fraction leaves the xenolith as it forms, and (ix) modal, if 
each phase of a xenolith melts independently, and in every case of 
melting the new melt may mix mechanically with the granite melt, 
diffuse components across the interface with the granite melt to varying 
degrees, or remain immiscible and only mingle with the main granite 
melt; 2. dissolving, if the foreign phase is either temporarily or 
permanently undersaturated in the silicate melt, and the rate of 
dissolution will be a function of solubility, and this dissolution may 
also be (i) congruent, if the mineral dissolves directly in the granite 
melt or (ii) incongruent, if the mineral dissolves indirectly in the 
granite melt, leaving an insoluble new mineral; 3. undergoing ion 
exchange reactions, if the foreign phases are undersaturated in the melt, 
or if they are saturated in the melt but belong to more refractory 
members of the solid solution series; 4. undergoing thermal 
decomposition reactions, such as the breakdown of calcite to lime and 
carbon dioxide if T>825°C; 5. undergoing redox reactions, especially 
involving bitumen and sulphides in the country rocks; and/or 6. 
remaining as refractory, insoluble, incompletely reacted minerals to 
become xenocrysts, possibly with reaction rims, that may range from 
physically and chemically obvious phases if not a normal member of 
the mineralogy of the granite (e.g., country-rock hornblende in a 
peraluminous granite), to physically and chemically obscure phases if a 
normal member of the mineralogy of the granite (e.g., country-rock 
quartz compared with granite quartz).  Evidence suggests that physical 
processes (thermal stress fracturing, release of stored elastic strain 
energy, expansion of trapped fluids, partial melting, melt-induced 
fracturing, cohesion loss, melt mixing, melt mingling) dominate early 
in the assimilation process, and that chemical processes (ion exchange 
reactions, dissolution, melt-melt diffusion), with inherently slower rates 
of reaction, dominate later in the assimilation process. 
 
THE TRANS-CANADA CRUSTAL CROSS-SECTION:  
IMAGING THE INTERNAL STRUCTURE OF OUR 
CONTINENT  

CLOWES, R.M, LITHOPROBE and Earth and Ocean Sciences, 
University of British Columbia, Vancouver, BC, V6T 1Z4, 
clowes@lithoprobe.ubc.ca, HAMMER, P.T.C., Earth and Ocean 
Sciences, University of British Columbia, Vancouver, BC, V6T 
1Z4, VAN DER VELDEN, A.J and COOK, F.A., Geology and 
Geophysics, University of Calgary, Calgary, AB, T2N 1N4 

How does the Earth change over time?  How are continents formed?  
How do those processes affect us? LITHOPROBE, Canada’s national 
Earth science research project, has been addressing these questions for 
two decades.  During that time, the work of the project has had a major 
impact on our understanding of Canada’s geological and tectonic 
history, as well as of the global processes that drive the evolution of our 
planet.  Eight of the ten study areas across Canada link to form a grand, 
Trans-Canada transect that spans the continent at about 50 degrees N.  
From east to west, the transect crosses the Atlantic passive margin and 
Grand Banks continental shelf, the ~0.4 Ga Newfoundland 
Appalachians, the ~1.0 Ga Grenville orogen (collisional belt), the ~2.7 
Ga Superior province, the ~1.8 Ga Trans-Hudson and Alberta orogens, 
the ~0.1-0.2 Ga southern Cordillera, and the Recent Cascadia 
subduction zone and Juan de Fuca plate.  We also present a partial 
traverse of the continent at ~60 degrees N.  This cross section begins in 
the ~2.7 Ga Slave Province near Yellowknife and proceeds westward 
across the ~1.9 Ga Wopmay orogen and the ~0.1-0.2 Ga northern 
Cordillera. 
The new lithospheric-scale cross section is based on seismic reflection 
and refraction data because such investigations provide structural and 
compositional information from the surface through the crust to depths 
of 80 km in the uppermost mantle.  However, the LITHOPROBE 
research focuses on multidisciplinary research, which involves virtually 
all branches of solid Earth science, including geology, geophysics, 
geochemistry and geochronology.  The seismic data provide a 
framework within which the essential contributions of the other 
disciplines can be interpreted more effectively. 
The Trans-Canada transects provide a view of the continent that 
emphasizes the large-scale pattern of sequential collisions that result in 
deformation and continental growth.  Relationships between orogens, 
rather than detailed patterns within individual orogens, indicate that 
orogens are stacked upon one another such that one forms basement to 
the next.  For example, the volcanic arcs and microcontinents that were 
assembled at ~2.7 Ga to form the Superior province are basement to the 
~1.0 Ga Grenville orogen, which in turn is basement to the ~0.4 Ga 
Appalachian orogen.  The Appalachian orogen is basement to the 
modern Atlantic passive margin.  Enlargements of specific parts of the 
cross section illustrate specific features.  For example, one seismic 
image shows the preserved result of a continental collision that 
occurred about 2.7 Ga ago. 
 
SOIL QUALITY ATTRIBUTES TEN YEARS AFTER THE 
ESTABLISHMENT OF ALBERTA SOIL QUALITY 
BENCHMARK SITES  

COEN, G.M., Gerry.Coen@gov.ab.ca, BOCK, M.D., Agriculture 
and Agri-Food Canada, #206, 7000 - 113 Street, Edmonton, AB, 
T6H 5T6, and WALKER, B.D., BeauTerre Soilscapes Consulting 
Inc., Beaumont, AB, T4X 1J4 

A network of soil quality benchmark sites was established at 23 
locations across Canada in 1990 - 1991.  By monitoring selected soil 
attributes on landscapes under typical farm production systems it was 
anticipated that the sustainability of current farming practices could be 
evaluated.  Measurement of several soil quality attributes over the first 
five years of this study indicated that the rate of change was relatively 
slow.  There was a minor drop in soil pH at the site near Falher, 
Alberta.  At the irrigated site near Bow Island, Alberta, organic carbon 
and available potassium increased significantly.  After ten years the 
sites have again been resampled and the resulting assesment of the 
changes will be presented. 
 
REGIONAL DISTRIBUTION AND DEVELOPMENT OF 
POROSITY IN KARSTIC AQUIFERS IN THE GUELPH AREA 
OF SOUTHERN ONTARIO:  IMPLICATIONS FOR 
GROUNDWATER RESOURCES  
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COLE, J., CONIGLIO, M., Department of Earth Sciences, 
University of Waterloo, Waterloo, ON, N2L 3G1, 
j4cole@uwaterloo.ca, and GAUTREY, S., AMEC, 160 Traders 
Blvd. East, Suite 110, Mississauga, ON, L4Z 3K7 

The City of Guelph obtains potable groundwater from deep (30 - 50 m 
bgs) bedrock aquifers in middle Silurian dolostones. Primary water 
production is from large cavernous pores, and to a lesser extent, 
fractured zones within the Guelph and Amabel formations.  
Hydrogeologists and water well drillers have long recognized that the 
unconsolidated sediments filling pre-Wisconsin bedrock valleys were 
prospective sources for groundwater.  However, recent analysis of 
bedrock topography maps and current production well locations shows 
a spatial relationship between highly productive bedrock aquifers and 
buried bedrock valleys in the Guelph area.  Previous studies of bedrock 
jointing in southern Ontario have shown that vertical to sub-vertical 
fractures through the Guelph and Amabel formations are related to 
regional stresses and parallel the trends of buried bedrock valleys.  
These fractures may have provided a conduit for groundwater to be 
transmitted deep into the dolostone.  Once at depth, groundwater 
moved horizontally towards the bedrock valleys and discharged to 
surface along the valleys.  A relatively high flux of unsaturated 
groundwater discharged into bedrock valleys as a result of increased 
hydraulic gradients between the incised bedrock and adjacent upland 
areas, creating favourable conditions for karst development in this 
highly productive, deep aquifer.  Subsequent to the formation of the 
bedrock valleys and karst, Wisconsin-aged till and glaciolacustrine 
sediments infilled the bedrock valleys and greatly reduced the efficacy 
of the groundwater flow system to cause dissolution.  This study 
indicates that identifying buried bedrock valleys in the Guelph area is 
important for locating aquifers in both unconsolidated infill sediment as 
well as the adjacent bedrock.  Furthermore, knowledge of the 
distribution of large pores and the origin of this karstic aquifer in the 
Guelph area will enhance our abililty to protect existing groundwater 
supplies. 
 
STRUCTURAL GEOLOGY AND TECTONIC SETTING OF 
THE NAVAN Zn-Pb OREBODY – INVERSION OF A 
DEGRADED FOOTWALL-UPLIFT FAULT BLOCK?   

COLLER, D., BEACH, A., ASHTON, J., GERAGHTY, J., 
HOLDSTOCK, M, O'KEEFE, W., PHILCOX, M. and 
WALKER, N., Boliden Tara Mines, Navan, Ireland, 
Gerry.Stanley@gsi.ie 

The Navan deposit is a Lower Carboniferous carbonate-hosted Zn-Pb 
orebody having pre-production resources of +90Mt and is currently the 
largest Zn producer in Europe.  The mineral deposit is hosted largely in 
a pre-rift Courceyan limestone sequence but also in syn-rift slide 
packages and debris flows.  The structural development of the main ore 
body and the new South West Extension (SWEX) suggests that the 
deposit is located near the footwall crest of a major SE dipping normal 
fault that experienced footwall-uplift and degradation during Chadian 
rifting.  Two major tectonic features of the rift phase have been 
identified: 
1 - A major early NW dipping normal fault complex (the E Fault) that 
is spatially associated with mineralization over large parts of the 
SWEX. 
2 - A subsequent major south to SE directed fault-slide complex 
representing footwall degradation, probably caused by large scale SE 
dipping normal faulting, lying to the south of the deposit. 
The Lower Carboniferous extensional structures have, in places, been 
reactivated and inverted by presumed end-Carboniferous compressional 
tectonics.  Successful exploration drilling over the last decade has 
extended the orebody by 3km to the SW into the SWEX, resulting in a 
mineralized belt that extends over a 5km SW-NE trend.  The new 
drilling, together with consequent mining activities has allowed the 
geology to be examined over a large area in which the host rocks and 
most structures are largely un-modified by compressional tectonics and 
original structural relationships are preserved. 
Over the last five years, company geologists and consultants have 
collaborated to better define the structural setting of the orebody using 
drill core, underground mapping, and detailed stratigraphic and 

structural compilation work.  A computer restoration of the original 
geology in the main mine area was performed by back stripping fault 
movements.  This account is the first summary of this work and is 
intended as a foundation for further analysis and refinement of the 
current tectonic model. 
 
PRELIMINARY EVALUATION AND CHARACTERIZATION 
OF THE NICKEL-COPPER-PGE POTENTIAL OF THE RED 
CROSS LAKE INTRUSIVE SUITE, CENTRAL 
NEWFOUNDLAND  

COLLINS, P.G., k39pgc@mun.ca, and WILTON, D.H.C., 
Memorial University of Newfoundland, St. John's, NL, A1B 3X5 

The Red Cross Lake Intrusive Suite is a small mafic to ultramafic 
intrusion hosted by the Victoria Lake Group in central Newfoundland.  
Mapping identified well developed, subvertically dipping magmatic 
layering to the southwest in leucoperidotite, olivine cumulates, 
troctolite and olivine gabbro, but in the north, layering is poorly 
developed in biotite to anorthositic gabbro.  Where present, layering 
exhibits typical cumulate textures with gradational layering of olivine.  
Numerous, small- to large, sheared, layer-parallel belts containing 25 to 
85% heterolithic xenoliths were identified, which locally resemble 
hydrothermal or intrusion breccia.  These belts were located along basal 
contacts and more commonly, in the center of the intrusion.  Sulfides 
are present throughout the most mafic basal units, up to a few percent, 
and comprise pyrrhotite, pyrite, chalcopyrite, and pentlandite. Previous 
work indicated sulfides have a high Ni tenor. 
In the southwest, microtextures are characterized by orthocumulate to 
mesocumulate olivine and poikilitic clinopyroxene.  Troctolites contain 
relatively fresh olivine compared to the more ultramafic wehrlites 
further to the southwest.  Sulfides are most abundant in layered 
troctolite, where they are concentrated at the contact between 
plagioclase-rich layers and olivine-rich layers and have primary 
magmatic textures, occurring primarily as interstitial blebs.  The upper 
section of the intrusion is characterized by weakly to unlayered biotite 
gabbro and hornblende gabbro.  Clinopyroxene is partially replaced by 
biotite and amphibole, but texturally, appears to preserve original 
magmatic textures. Sulfides are rare in these rocks, and where present, 
comprise mainly pyrite and chalcopyrite.  Magnetite is common, and is 
often found in the cores of metamorphic or metasomatic biotite and 
amphibole.  Sulfides and oxides both appear to preserve primary 
magmatic textures, occurring as amoeboid-like crystals or interstitial 
blebs. 
Preliminary wholerock geochemistry demonstrates the ultramafic 
nature of the southern portion of the intrusion, where some samples 
contain up to 33.5 wt.% MgO, and approximately 2100 ppm Ni.  In 
general, nickel demonstrates a strong correlation with MgO and SiO2 
rather than S.  However, in some of the ultramafic samples, there is a 
strong correlation between sulfur and nickel and even stronger 
correlation between sulfur and copper, implying that an immiscible 
sulfide melt may have scavenged nickel from olivine, and that most 
copper is present as copper sulfides. 
 
HEAT AND FLUID MODELING OF THE SHALE-HOSTED 
MASSIVE SULPHIDES IN THE IBERIAN PYRITE BELT, 
SPAIN  

CONDE, C.1, cconde.igme@telefonica.net, MÄTHAII, S.2, 
GEIGER, S.3, TORNOS, F.1 and HERRINGTON, R4,  1 Instituto 
Geológico y Minero de España, Azafranal 48-1A, 37001 
Salamanca, Spain;  2 Dept. of Earth Sciences and Engieering, 
Imperial College, RSM Building, Prince Consort Road, London, 
SW7 2BP, UK;  3 Dept. of Earth Sciences, Geology and Mineral 
Resources, ETH Zurich, Sonneggstr. 5, CH-8092 Zurich, 
Switzerland;  4 Dept of Mineralogy, The Natural History Museum, 
Cromwell Road, London, SW7 5BD, UK 

The SE Iberian Pyrite Belt (IPB) hosts several giant VMS deposit.  The 
massive sulphides are interbedded in dark shale overlying a dacite 
dome.  This mineralisation has been interpreted as exhalative on an 
anoxic-suboxic seafloor, within a restricted and rather shallow basin. 
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Geological (stratigraphic and tectonic features) and geochemical (stable 
and radiogenic isotopes and fluid inclusion composition) data, as well 
as physical parameters (permeability, porosity and heat conductivity) 
are the basis for a two dimensional heat and fluid flow numerical 
model. 
Input parameters for the computer simulations are: (a) the presence of a 
thick detrital sequence (3-4 km) composed of alternating shale and 
arenite, being the source of the fluids and metals, and an overlying 
rather thin (800-1200 m) volcanic sequence, (b) the formation in a 
basin controlled by extensional and strike-slip faulting, that developed 
relatively permeable (10-12 m2) zones that favoured the upward flow of 
hydrothermal fluids, and (c) a basement characterized by a high heat 
flux (85-120 mWm-2) that produced an anomalous thermal gradient. 
Several numerical models have been tested, involving the underlying 
sedimentary sequence saturated in pure water and in a brine and inflow 
of seawater into the cells.  They have been performed using the CSP 
finite-element modelling code, program based on mathematical 
equations for fluid flow, heat transport and solute transport in porous 
media.  The pure water simulation shows that the first stages of thermal 
and fluid convection are able to drive saline and hot fluids to the 
surface short after (300,000 yr) the development of the cells.  These 
fluids are upwards focussed along major faults to the seafloor, 
producing the sulphide precipitation.  In the brine scenario, the 
numerical results show that salinity has a significant effect on fluid 
dynamics, timing control of thermohaline convection, and transfers 
solution flow.  This thermohaline fluid required a long time of 
anomalous geothermal gradient for beginning the convective flow, 
more of than about the three times that pure water. 
This computer simulation supports that fluid flow was controlled by 
forced convection and a focussed heat source is not necessary to form 
such a system.  It also supports the geochemical data that suggest that 
fluids are equilibrated with a mature detritic sequence, that is also the 
source of metals.  Thus, a magmatic source s is not needed in such a 
system.  Also, it is consistent with dating of the shale-hosted deposits 
of the IPB that show that they formed in a very short time span (Upper 
Strunian) synchronously with the onset of the igneous activity. 
This research was supported through a European Community Marie 
Curie Fellowship and the project BTE2003-0209. 
 
HYDROTHERMAL ALTERATION OF SHALLOW-WATER 
ORDOVICIAN CARBONATES FROM THE LAKE SIMCOE 
AREA OF SOUTHERN ONTARIO  

CONIGLIO, M, Department of Earth Sciences, University of 
Waterloo, Waterloo, ON, N2L 3G1, Canada, 
coniglio@uwaterloo.ca, and ARMSTRONG, D.K., Ontario 
Geological Survey, Ministry of Northern Development and 
Mines, Sudbury, ON, P3E 6B5, Canada 

Ordovician rocks in the outcrop belt east of Lake Simcoe have received 
attention for well over a century and particularly in the last two 
decades, due largely to the increasing demand for aggregate in southern 
Ontario.  In addition, these strata are correlative with those hosting 
significant hydrocarbon reservoirs (i.e. the Trenton-Black River play) 
in the Michigan and Appalachian basins.  Consequently, we have a 
relatively sophisticated knowledge of the lithostratigraphy, 
biostratigraphy and sequence stratigraphy of these strata.  However, 
understanding of their diagenetic alteration remains woefully 
inadequate given the economic importance of these rocks and their 
correlative strata in the subsurface.  The diagenetic alteration of these 
rocks is mostly typical of what has been well-described from 
correlative strata on Manitoulin Island to the west and in the subsurface 
of southwestern Ontario, and includes abundant hardgrounds, sparry 
calcite cement, facies-related dolomitization, minor silicification and 
late-stage calcite cements.  In the Lake Simcoe area, small-scale faults 
and fractures, some with associated localized breccias, are usually 
cemented by late stage calcite, and sometimes also with saddle 
dolomite, barite, quartz and pyrite.  More extensive hydrothermal 
dolomitization, such as what is observed in the subsurface of 
southwestern Ontario and, to a lesser extent, on Manitoulin Island, is 
not abundant in the Lake Simcoe area.  However, fracture calcite and 
saddle dolomite cements have oxygen isotope values more negative 

than –8 per mil, suggesting a temperature effect, in contrast to whole 
rock oxygen isotope values of limestones in the Bobcaygeon and 
Verulam formations, which typically range from –5 to –8 per mil, and 
represent more typical burial values.  Oxygen isotope values for the 
underlying Gull River Formation limestones span a wider range of 
values, from –4 to –13 per mil, and suggest that recrystallization of 
some of these fine grained carbonates occurred at higher temperatures 
as well.  Also, some of the finely crystalline sucrosic dolomites in the 
lower part of the Gull River Formation contain gypsum pseudomorphs 
that are replaced in part by celestite.  The presence of these late-stage, 
fracture-related minerals and the oxygen isotope evidence suggest 
strongly that hydrothermal effects were locally important in the later 
burial history of these carbonates in the Lake Simcoe area.  The heat 
source for this alteration is speculative, as it is for the correlative 
carbonates in southwestern Ontario and Manitoulin Island that have 
been interpreted as hydrothermally altered. 
 
MIDDLE DEVONIAN DOLOMITES OF THE PRESQU'ILE 
BARRIER REVISITED:  IMPLICATIONS FOR THE 
PALEOHYDROLOGICAL MODEL  

CONIGLIO, M, Department of Earth Sciences, University of 
Waterloo, Waterloo, ON, N2L 3G1, Canada, 
coniglio@uwaterloo.ca, MORROW, D.W. and WILSON, N., 
Geological Survey of Canada (Calgary), 3303-33rd St. NW, 
Calgary, AB, T2L 2A7, Canada 

The current paleohydrological model for dolomitization of the 
Presqu'ile barrier is based on the geographic distribution of dolomite 
stable oxygen isotope values, radiogenic strontium ratios and fluid 
inclusion homogenization temperatures.  Regional trends were 
interpreted to reflect a basin-scale, eastward up-dip migration of hot, 
radiogenic fluids driven by tectonic compression, sedimentary loading 
and uplift of the western part of the Western Canada Sedimentary 
Basin.  Dolomitizing fluids were evidently driven by a combination of 
topographic recharge and tectonic compaction during either the 
Cretaceous-Tertiary Laramide Orogeny (probably the main phase) or 
possibly the earlier Antler Orogeny (Devonian-Carboniferous).  Re-
examination of the petrography and geochemistry of the hydrothermal, 
fabric-destructive dolomites from 4 diamond drill cores from the Pine 
Point Mines property and 31 petroleum cores from the subsurface of 
the Northwest Territories to the west of Pine Point provides a basis for 
challenging the current model.  New oxygen isotope values and 
strontium ratios in saddle dolomite and co-genetic, coarsely crystalline 
replacive dolomite do not exhibit the previously identified spatial 
trends.  New fluid inclusion data in dolomite and late-stage calcite are 
also not straightforward to interpret.  Overall, the new geochemical and 
fluid inclusion data are variable, and they also show inconsistent 
relationships with both petrographic and cathodoluminescence 
characteristics. 
Dolomitization may instead be related to prominent northeast-trending, 
mostly extensional faults in the study area and to the karstic pore-
system that developed in the Presqu'ile barrier.  Both of these might 
have facilitated the establishment of a cross-formational fluid flow 
system and the development of extensive convection cells that likely 
formed in response to spatial variations in relatively high basal heat 
flow.  Convection cells that were able to incorporate seawater-derived 
brines caused extensive amounts of dolomite to form.  The variability 
in the isotopic data, particularly stable oxygen isotope values, even at a 
borehole scale, can be explained by temporal or spatial variations in 
heat flow or the degree of recrystallization as a function of fluid-rock 
interaction. 
 
ROLE OF ADAKITES IN THE PETROGENESIS OF 
INCIPIENT RIFT VOLCANISM IN THE SANTA ROSALÍA 
REGION, BAJA CALIFORNIA SUR, MEXICO  

CONLY, A.G., Department of Geology, Lakehead University, 
955 Oliver Rd, Thunder Bay, ON, P7B 5E1, 
andrew.conly@lakeheadu.ca, BRENAN, J.M., SCOTT, S.D., 
Department of Geology, University of Toronto, Toronto, 22 
Russell St., Toronto, ON, M5S 3B1, and BELLON, H., UMR 
6538, Institut Universitaire Européen de la Mer, Université de 
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Bretagne Occidentale, 6, Av. Le Gorgeu, C.S. 93837, 29238 Brest 
Cedex 3, France 

Middle to late Miocene volcanism in the Santa Rosalía region, Baja 
California Sur, records the geodynamical transition from arc to rift with 
the initial opening of the Gulf of California.  New fieldwork and 
analytical data including whole-rock K-Ar dates, major and trace 
element geochemistry and isotope geochemistry lead to the following 
conclusions:  1) Arc related lavas include the 24-13 Ma calc-alkaline 
(andesite) suite of Sierra Santa Lucia (ASL) and 13-10 Ma Santa 
Rosalía dacite (SRD), with the latter suite representing the terminal 
stage of subduction.  2) Incipient rift volcanic rocks consists of 11-9 
Ma Boléo basalts (BTB) to basaltic andesites (BBA), the El Morro tuff 
(EMT), a 10.5-7.9 Ma pyroclastic unit; and, iii) 11-10 Ma high-K 
andesites of the Cerro San Lucas (CSL) suite. 
All rock types display typical arc-like enrichments in LILE relative to 
N-MORB.  Enrichments in LILE relative to Nb-Ta-Ti, which 
characterize ASL and CSL suites, indicate metasomatism of the mantle 
melt source by slab-derived aqueous fluids.  However, the minor 
depletion in HREE and high Sr concentrations of CSL lavas together 
with the small enrichment in LREE, flat HREE profiles, moderate 
enrichment of incompatible elements and MORB-like to -depleted 
compatible elements of BTB/BBA lavas are not consistent with melts 
being generated solely from an aqueous fluid metasomatized mantle.  
Rather, such trace element signatures are consistent with i) melting of 
adakite metasomatized peridotite, ii) hybridization of ascending adakite 
melts by peridotite or iii) mixing of adakite melts and peridotite-
derived melts.  While melts produced from an adakite metasomatized 
mantle are typically Nb-enriched, the absence of such an anomaly for 
BTB/BBA and CSL indicates a source peridotite metasomatized by 
both Nb-depleted aqueous fluid and adakite melt.  The compositional 
differences between BTB/BBA and CSL lavas primarily reflect the 
degree of adakitic metasomatism, with CSL lavas being produced from 
a mantle that had a greater adakite metasomatic component. 
The existence of an adakite metasomatized mantle is supported by the 
occurrence of adakitic lavas throughout central Baja California.  Within 
the Santa Rosalía region, adakite lavas constitute the SRD suite.  While 
SRD lavas share many of the chemical attributes (e.g., SiO2 = ~65 
wt.%, high Sr, low Y and Yb) of adakites from the Vizcaino Peninsula 
of Baja California Sur, enrichments in LILE and flattening of the 
HREE profile indicate that the lavas are not pristine slab melts and 
have been subject to varying degrees of mantle hybridization. 
 
MINERALOGY AND STABLE ISOTOPE COMPOSITIONS OF 
CARBONATE AND SULPHIDE MINERALS OF CARBONATE 
CRUSTS ASSOCIATED WITH GAS HYDRATE-FORMING 
COLD VENTS FROM THE NE PACIFIC  

CONLY, A.G, Department of Geology, Lakehead University, 955 
Oliver Rd, Thunder Bay, ON, P7B 5E1, 
andrew.conly@lakeheadu.ca, SCOTT, S.D., Department of 
Geology, University of Toronto, Toronto, 22 Russell St., Toronto, 
ON, M5S 3B1, and RIEDEL, M., Geological Survey of Canada - 
Pacific (Sidney Subdivision), Pacific Geoscience Centre, 9860 
West Saanich Road, Sidney, BC, V8L 4B2 

Twenty-one samples of carbonate crusts from two gas hydrate fields 
located offshore Vancouver Island, near ODP Site 889, on the NE 
Pacific continental margin were sampled in 2001 by the ROPOS 
submersible.  The mineralogy and stable isotopic composition of 
carbonate and sulphide minerals are used to evaluate their condition of 
formation and relationship to associated gas hydrate occurrences. 
The crusts form the upper surface of carbonate + pelagic mud mounds 
within the gas hydrate fields.  The crusts are comprised of grey to dark 
grey, uncommonly beige, micritic carbonate.  Crust morphology is 
highly variable and includes blocky, fissile, tabular, nodular and mud-
cemented brecciated forms.  Mineralogically, the crusts are comprised 
of micritic calcite and dolomite/ferroan dolomite, with subordinate 
amounts (up to 30%) of detrital and authigenic silicates (quartz, 
feldspar and undifferentiated clays).  Sulphide minerals consist 
primarily of pyrite, present as a minor component (<2 wt%), and trace 
amounts of sphalerite.  Sulphides are finely disseminated as framboids 
or small euhedral (recrystallized?) crystals throughout the carbonate 

rock.  Bulk-rock chemical compositions are relatively homogeneous, 
with any variations simply reflecting the calcite:dolomite and 
carbonate:silicate ratios.  The *13C values (PDB) for bulk carbonate 
(calcite + dolomite) vary between -48.8‰ and +15.6‰ (mode: -
42.4‰).  There is no definitive correlation between *13C value and 
carbonate mineralogy, although calcite-dominant samples tend to be 
more depleted.  The *34S values (CTD) for sulphide (pyrite) vary 
between -8.7‰ and +22.8‰ (mode: 13.4‰). 
The carbon isotopic composition of the carbonate is related to the 
balance of inorganic and organic carbon species.  In gas hydrate 
environments, the *13C of the CO2 reservoir is controlled by bacterial 
sulphate reduction and/or bacterial fermentation and carbonate 
reduction processes responsible for the production of methane.  The 
highly depleted *13C values for the carbonates indicate that methane 
was the carbon source involved in bacterial sulphate reduction.  The 
range in *13C values indications that isotopic composition of the CO2 
reservoir is likely controlled by fractionation during bacterial carbonate 
reduction.  The range in sulphur isotopes is consistent with bacterial 
sulphate reduction under partially closed conditions, where the rate of 
diffusion of sulphate is less than the rate of sedimentation.  The positive 
values for *34S of sulphide indicate reduction of 34S-rich sulphate 
remaining after a precursor stage of sulphate reduction.  The limited 
number of depleted *34S values may be indicative of this precursory 
stage of bacterial sulphide reduction, which is supported by the higher 
proportion of framboidal to euhedral pyrite in these samples. 
 
NOVA SCOTIA OFFSHORE TO GRAND BANKS 
CONNECTION:  MESOZOIC BASINS ON A TRANSFORM 
MARGIN  

CONWAY, L.E., MARTIN, M.R, ENACHESCU, M.E., 
ATKINSON, I. and STEAD, J.E, Department of Earth Sciences 
and Pan-Atlantic Petroleum Systems Consortium (PPSC), 
Memorial University of Newfoundland, St. John's, NL, A1B 3X5, 
b72lec@mun.ca 

There is renewed exploration interest in the southern Grand Banks with 
active exploration licenses, new seismic acquisition programs and 
planned drilling in the South Whale and Laurentian basins, situated just 
northeast of the better explored Scotian margin.  These basins are 
conveniently located approximately 200 km south of the east coast of 
Newfoundland, in shallow to intermediate water depth and in an area 
free of icebergs.  The St. Lawrence Tertiary channel separates the 
Scotian and Newfoundland offshore area and a provincial border divide 
the jurisdiction over sea resources. 
Laurentian Basin was subjected to a long political moratorium that was 
resolved during summer of 2003 with the establishment of the 
provincial boundary.  Several regional geological maps of the East 
Coast Mesozoic sedimentary area show continuity between the 
Orpheus Graben and northern Scotian Shelf and Slope basins (Nova 
Scotia) and Laurentian and South Whale basins (Newfoundland), while 
other maps represents them as being separated by faults or ridges.  The 
Chebacto-Cobeqoid Fault, the Collector Fault and the major 
Newfoundland Transform Fault Zone have been long-lived active 
strike-slip faults affecting basin development and complicating their 
tectono-structural framework initiated in Late Triassic-Early Jurassic 
extensional episode. 
As Argo salt features have been drilled or identified on seismic sections 
on both sides of the provincial boundary, there is no doubt that Atlantic 
Canada Basins were interconnected during the marine phase of the 
Thethys rifting stage and probably up to the time of Scotian Shelf 
break-up.  The link is more elusive during the Late Jurassic, when 
predominantly marine, oil prone source rocks were deposited in the 
Grand Banks basins and terrestrial to marine, gas prone source rocks 
offshore Nova Scotia. 
Using a set of modern industry 2D data donated by GSI and 
WesternGeco, the results of available industry wells, regional potential 
field maps and published literature, we investigate the structural and 
stratigraphic framework of the contiguous basins, emphasizing 
common geological and geomorphologic features as well as main 
dissimilarities between the structural element, stratigraphy and quality 
of petroleum systems of the two areas. 
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PRELIMINARY STUDIES OF THE ALLUVIAL-LACUSTRINE 
MABOU GROUP (MISSISSIPPIAN), SUSSEX AREA, NEW 
BRUNSWICK  

COOK, A and KEIGHLEY, D., Dept. of Geology, University of 
New Brunswick, PO Box 4400, Fredericton, NB, E3B 5A3, 
keig@unb.ca 

Mississippian strata in Atlantic Canada were deposited in various (sub-) 
basins that form part of the Maritimes Basin complex.  Rocks assigned 
to the Mabou Group have been investigated in detail from several of 
the basins in Nova Scotia, where the succession is primarily of grey 
fine-grained strata that intertongues gradually upsection into mostly red 
siltstone and fine-grained sandstone.  Facies interpretations are of a 
shallow, but extensive permanent lake at the base, overlain by strata 
deposited in more ephemeral lakes, mudflat, and braidplain.  In New 
Brunswick, minimal work has been done on strata from the same 
stratigraphic interval.  However, it is recognised that the primarily red-
bed succession here is much more extensively coarser grained, and 
often conglomeratic. 
The Mabou Group is present throughout the western part of the 
Moncton Basin, in the vicinity of Sussex.  Outcrop is patchy, and 
mapping suggests a complex distribution of conglomerate, sandstone, 
and mudstone units.  However, several boreholes core through the 
entire >1km -thick succession in the area.  In the Penobsquis area, 
sandstone and mudstone passes up very gradually into conglomerate, 
whereas to the south and south-west, conglomerates lie almost directly 
on marine strata of the Windsor Group.  Due west, the Millstream 1 
borehole, the early focus of this work, contains ~15 m of mudstone and 
sandstone at the base of the Mabou Group.  Undulatory ripples and 
centimetre-scale ptygmatic structures in fine grained sandstone may be 
small-scale equivalents to those encountered elsewhere in the 
Maritimes Basin that are interpreted as the result of lacustrine storm-
wave activity.  Overlying strata show a broad coarsening upward, and 
consist mostly of sandstone and sandy to muddy conglomerate of likely 
braid-plain or alluvial fan origin.  A distinct interval of porous, matrix-
free conglomerate, ~500 m above the base of the Group in Millstream 1 
may represent the best hope for correlation with boreholes yet to be 
logged further east. 
 
LITHOSPHERIC ACCRETION IN THE 
PALEOPROTEROZOIC WOPMAY OROGEN  

COOK, F.A., Department of Geology and Geophysics, University 
of Calgary, Calgary, AB, T2N 1N4, fcook@ucalgary.ca 

The Lithoprobe SNORCLE (Slave Northern Cordillera Lithospheric 
Evolution) transect across the Paleoproterozoic (ca. 1.92-1.84 Ga) 
Wopmay orogen in northwestern Canada has produced some of the 
most detailed images of the lithosphere available anywhere in the 
world.  Because the orogen was built on the western margin of the 
Archean Slave province, it forms the crust and lithosphere beneath 
much of northwestern Canada.  Accordingly, the transect provides both 
a spatial and a temporal link between the Slave province and the 
Phanerozoic Cordillera.  Lithoprobe work was designed to establish the 
processes of Paleoproterozoic accretion as well as how the associated 
structures influenced later development of the Cordillera and the 
Western Canada sedimentary basin. 
Orogenic activity took place during at least two major stages of 
collision and accretion of arc terranes: the Hottah terrane (age: 1.9-2.3 
Ga; accretion: 1.90-1.88 Ga) and the Nahanni-Fort Simpson terrane 
(age: ~1.845 Ga; accretion: ~1.84 Ga).  As a result, the orogen consists 
of five distinctive tectonic domains from east to west: Coronation 
margin, Hottah terrane, Great Bear magmatic arc, Fort Simpson - 
Nahanni terrane and Fort Simpson basin.  The Coronation margin 
consists of westward thickening supracrustal rocks that were deposited 
on the edge of the Slave craton and were collapsed and thrust eastward 
during 1.90-1.88 Ga accretion of the meta-supracrustal and magmatic 
rocks of the Hottah terrane (Calderian orogeny).  The ~1.88-1.84 Ga 
Great Bear magmatic arc, an extensive continental arc built on the 
previously amalgamated Hottah-Slave continent, probably formed by 
eastward subduction of a basin that separated Hottah from the outboard 
Nahanni-Fort Simpson terrane, which in turn accreted to the western 

Hottah after 1.84 Ga.  Post-orogenic extension produced the ~25 km 
thick Fort Simpson basin on the west and initiated the post - ca. 1.8 Ga 
margin of proto-North America that truncated regional structural and 
geophysical trends of the Canadian Shield. 
The five domains of the Wopmay orogen all strike north-south and 
project from outcrop southward beneath the Western Canada 
Sedimentary basin where Lithoprobe recorded regional geophysical 
profiles.  The data have clear images of Paleoproterozoic subduction 
surfaces to ~100 km depth, a lithospheric wedge that formed during 
terrane accretion, and the base of the subduction-related Great Bear 
magmatic arc in the upper crust.  Intracrustal deformation appears to 
have taken place by low-angle contraction that was listric into, or 
slightly above, the Moho, which in turn underlies nearly the entire 
orogen at ~35 km. 
 
GEOPHYSICAL INTERPRETATION AND IMPLICTIONS FOR 
APPALACHIAN TERRANE BOUNDARIES IN THE AREA 
BETWEEN EASTERN PRINCE EDWARD ISLAND AND 
WESTERN CAPE BRETON ISLAND, NOVA SCOTIA  

COOK, L.A., 058032c@acadiau.ca, BARR, S.M., Department of 
Geology, Acadia University, Wolfville, NS, B4P 2R6, and 
DEHLER, S.A., Geological Survey of Canada, Dartmouth, NS, 
B2Y 4A2 

Magnetic anomaly maps over the onshore and offshore area between 
Prince Edward Island and western Cape Breton Island reveal an 
approximately 50 km wide and 150 km long, east-west striking 
magnetic anomaly on the order of 500 nT.  The presence of this large 
magnetic anomaly complicates tectonostratigraphic interpretations and 
makes it difficult to correlate terrane boundaries between Cape Breton 
Island, mainland Nova Scotia and New Brunswick.  The source of the 
magnetic anomaly has been estimated by forward-modeling, with 
constraints from seismic and petrophysical data.  The second vertical 
derivative magnetic anomaly map shows three magnetic aureoles in the 
region of the large magnetic anomaly, suggesting that several separate 
sources may cause the anomaly.  The magnetic aureoles that occur 
onshore in northeastern Prince Edward Island and in the 
Northumberland Strait appear to have different signatures than the 
anomaly that extends into the Mabou Highlands of western Cape 
Breton Island.  The Bouguer gravity map of the region indicates a 
relative gravity high, on the order of 12 mGal, coincident with the 
magnetic high in the Mabou Highlands.  Low gravity signatures, 
varying from 0 to -19 mGal, are coincident with the magnetic highs 
revealed in the Northumberland Strait and northeastern Prince Edward 
Island.  In onshore areas of western Cape Breton Island, lineations in 
the horizontal gradient of the Bouguer gravity map are consistent with 
the transition from high to low signatures in the magnetic anomaly 
map.  To the west, in the offshore area, the correlation of horizontal 
gradient of gravity lineations with changes in magnetic field strength is 
less recognizable.  To aid in the interpretation of the potential field 
anomalies, magnetic susceptibility and density data were collected from 
hand samples and outcrops in the onshore parts of the study area.  
Results indicate that high magnetic susceptibility and high density 
values are typically from Late Precambrian to Paleozoic igneous and 
metamorphic units in the Mabou Highlands, and such rocks may be the 
source of the positive magnetic anomaly in the adjacent offshore 
region.  Low magnetic susceptibility and low density lithologies are 
typical of Late Paleozoic sedimentary units in Prince Edward Island 
and western Cape Breton Island.  Interpretations of seismic data in the 
study area provide structural controls in the forward-modeling 
procedure.  It is anticipated that the forward-modeling procedure will 
establish the origin of the magnetic anomaly source(s) and help to 
clarify terrane boundary relationships in this critical area of the 
Appalachian orogen. 
 
PREDOMINANT SYSTEM PROPERTIES AFFECTING PLANT-
AVAILABLE NITROGEN (PAN) IN NOVA SCOTIA  

COOPER, J.M. , cooperjm@dal.ca, BURTON, D.L., Nova Scotia 
Agricultural College, Truro, NS, B2N 5E3, and ZEBARTH, B.J., 
Potato Research Centre, Agriculture and Agri-Food Canada, 
Fredericton, NB, E3B 4Z7 
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Research was carried out in Nova Scotia in the summer of 2003 to 
determine the predominant soil and environmental factors affecting 
plant-available nitrogen (PAN) in a crop of silage corn.  Air and soil 
temperature, soil moisture, and precipitation were monitored from corn 
planting until harvest at five sites in the province.  Plant-available 
nitrogen (PAN) between corn planting and harvest was calculated as 
the sum of above-ground plant uptake of nitrogen and soil inorganic 
nitrogen at harvest minus inorganic nitrogen present in the soil at corn 
planting.  The following temperature-related parameters were 
computed for each site:  mean annual soil temperature, mean amplitude 
of the daily soil temperature fluctuation, accumulated growing degree 
days (GDD), accumulated N mineralization rate constant units (ARU), 
mean air temperature, mean amplitude of daily air temperature 
fluctuation, and corn heat units (CHU).  Soil samples from spring 2003 
and fall 2002 were analysed for a number of different indices of soil 
nitrogen mineralization potential:  cold KCl-extractable NH4

+-N and 
NO3

--N, hot KCl-extractable NH4
+-N, amino sugar-N, CO2 evolution 

during a 24 hour incubation, NH4
+-N accumulation during a 7 day 

anaerobic incubation, and total C and N. 
GDD for the sites in the study ranged from 1988 to 2309.  The sites 
with more accumulated GDD also had higher PAN (Pearson correlation 
coefficient = 0.828, p-value = 0.003).  ARU were also positively 
correlated with PAN (Pearson correlation coefficient = 0.784, p-value = 
0.007).  PAN/GDD-1 was calculated as an index of soil substrate 
quality.  Substrate quality differed significantly among the sites with 
those sites with the highest corn yields having the highest values for 
PAN/GDD-1 (0.101 compared to 0.015).  N mineralization potential 
indices were correlated with PAN/GDD-1 in order to determine the best 
measures of substrate quality.  The highest correlation with PAN/GDD-

1 was for cold KCl-extractable NO3—N extracted in the spring (Pearson 
correlation 0.881, p=0.001).  Fall cold KCl-extractable NO3—N and 
total soil N also had Pearson correlations above 0.8 (p=0.002).  
Regression analysis was carried out using the most promising subset of 
soil and environmental parameters to determine the best predictors of 
PAN.  A regression model that included GDD, ARU and spring cold 
KCl-extractable NO3—N proved most effective with a R-sq. (adj) of 
94.8%.  These results suggest that a simple spring soil nitrate test could 
be combined with historical climatic data to predict PAN in agricultural 
soils of Nova Scotia. 
 
RECYCLING AND CHEMICAL WEATHERING OF 
MULTIPLE SEDIMENTARY SOURCES IN TECTONICALLY 
CONTROLLED MESOZOIC-CENOZOIC SEQUENCES OF 
NEW ZEALAND  

CORCORAN, P.L., Department of Earth Sciences, University of 
Western Ontario, London, ON, N6A 5B7, pcorcor@uwo.ca 

Central Otago, New Zealand, has been the locus of three phases of 
uplift related to tectonism along the obliquely convergent Alpine fault, 
which is the junction between the Australian and Pacific plates.  As a 
result of the uplift, Mesozoic-Cenozoic molasse sequences were 
deposited in fault-bound, tectonically influenced basins floored by the 
Cretaceous Otago Schist.  The flysch-type schist is a basement 
structural block composed of metamorphosed turbidite deposits, 
extending over an area approximately 150×200 km in size.  An 
alteration profile, up to 20 m thick, is locally developed along the 
regional unconformity, and has been considered both a weathering 
profile and a product of diagenesis locally.  CIA values from the 
basement up-section through the weathering profile follow an ideal 
path of initial loss of CaO+Na2O and subsequent loss of K2O with 
continued chemical weathering. 
REE patterns are similar for the Otago Schist, alteration profile, and 
molasse deposits, which support the schist and weathered material as 
the major sources of detritus.  Abundant sedimentary rock fragments in 
the overlying formations reflect a clastic rock source.  A stratigraphy of 
quartz-rich deposits (high SiO2; low Al2O3, Fe2O3, TiO2) with well-
rounded clasts conformably overlying feldspar-rich deposits (high 
Al2O3, Fe2O3, TiO2, low SiO2) with mainly subangular clasts, represents 
an inverse relationship of what is expected from recycled and 
chemically weathered deposits.  Renewed uplift and erosion of the 
alteration profile and the immediately overlying formation resulted in 
deposition of the upper, more weathered portion of the profile first, 

leading to quartz-rich, clay-poor deposits.  Continued erosion of the 
profile down to the Otago schist basement enabled more feldspars, 
clays, and schist fragments to comprise the detritus at the top of the 
molasse stratigraphy. 
CIA values determined from the molasse deposits reflect a variation in 
chemical weathering over time.  Formations containing more schist and 
greywacke fragments plot with lower CIA values than quartz-rich units.  
Some samples have CIA values of 100 and these also produce poorly 
constrained results on tectonic discrimination diagrams.  This indicates 
that medium- to coarse-grained samples (2.5 to –12) with high 
proportions of quartz are unreliable for geochemical diagrams that use 
oxides and trace elements other than SiO2 and the REE.  
Notwithstanding, the very high CIA values and quartz-rich nature of 
the samples reflect low proportions of potassic and alkaline minerals, 
which is consistent with intense chemical weathering and recycling of 
the sources. 
 
ARCHEAN CRUSTAL EVOLUTION IN THE 
NORTHWESTERN SUPERIOR PROVINCE IN MANITOBA 
AND NORTHWESTERN ONTARIO AND IMPLICATIONS FOR 
GOLD METALLOGENY  

CORKERY, M.T.1, tcorkery@gov.mb.ca, SKULSKI, T.2, 
WHALEN, J.B.2, and LIN, S.3,  1 Manitoba Geological Survey, 
360 1395 Ellice Ave., Winnipeg, MB, R3G 3P2;  2 Continental 
Geoscience Subsection, Department of Natural Resources 
Canada, Geological Survey of Canada, 601 Booth Street, Ottawa, 
ON, K1A 0E8;  3 Department of Earth Sciences, University of 
Waterloo, 200 University Avenue West, Waterloo, ON, N2L 3G1 

Integrated bedrock mapping and structural, geochemical, 
geochronological and isotopic research in the northwestern Superior 
Province of Manitoba reveal several, fault bounded crustal terranes that 
record a complex history of crustal development culminating in the 
collision between the ~3.0 Ga reworked northern margin of the North 
Caribou terrane with the 3.6 Ga Northern Superior superterrane at 2.72 
to 2.71 Ga.  Post collisional crustal adjustment concomitant with at 
least two periods of metamorphism, between 2.70 to 2.65 Ga, is 
displayed as new and reactivated faults in a major series of 
anastomosing shear zones.  These shear zones form the locus for a 
regional lode gold mineralization. 
In the south, the Munro Lake domain comprises <2.86 Ga platformal 
sedimentary rocks and komatiite deposited on the reworked margin of 
the ~3.0 Ga North Caribou terrane.  Plutonic rocks at 2.84 and 2.72 Ga 
have 3.0 Ga Nd model ages reflecting recycling of the North Caribou 
margin.  To the north, in the juvenile oceanic Oxford Lake - Stull Lake 
terrane, ca. 2.86 Ga submarine depleted tholeiitic basalts were thrust 
(D1) prior to ca. 2.78 Ga, onto the Munro Lake domain.  A 2.83 -2.72 
Ga, isotopically juvenile, continental margin arc was built on the 
accreted crust and is cut by 2.72-2.71 Ga early– to syn-tectonic, 
isotopically juvenile plutons.  To the north, 2.84-2.71 Ga plutonic rocks 
of the Northern Superior terrane have 2.9-3.6 Ga Nd model ages and 
zircon inheritance up to 3.57 Ga. Docking of the reworked margin of 
the North Caribou Terrane and the Oxford Lake -Stull Lake terrane 
with the Northern Superior superterrane ca. 27.2 Ga resulted in 2.72-
2.71 Ga arc volcanism, oblique convergence (D2-D3) and 
metamorphism at <2.72 Ga.  Eruption of synorogenic < 2.71 Ga 
alkaline and shoshonitic lavas with negative epsilon Nd, and later 
deposition of continental sediments with local detrital zircons up to 3.6 
Ga, reflect underthrusting and uplift of older continental crust across 
the Oxford Lake - Stull Lake terrane.  These amalgamated terranes 
were subsequently segmented and tectonically interleaved by major 
northwest-trending, anastomosing greenschist facies shear zones, 
spaced 10-50 km apart. 
Subsequent 2.69 - 2.68 and 2.65 Ga metamorphic events, coupled with 
intrusion by syn– to post orogenic stitching plutons further complicates 
the accurate definition of the terrane boundaries and provides conduits 
and energy sources for lode gold. 
 
PALEOPROTEROZOIC GROWTH OF THE CONTINENTAL 
LITHOSPHERE:  A PERSPECTIVE FROM LAURENTIA IN 
CANADA  
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CORRIGAN, D., ST-ONGE, M. and PEHRSSON, S., 
Continental Geoscience Division, Geological Survey of Canada, 
615 Booth Street, Ottawa, ON, K1A 0E9, dcorriga@nrcan.gc.ca 

Most of the stable continental landmass in Canada was assembled as a 
result of Proterozoic accretionary and collisional tectonics that began 
with the Slave-Rae collision at about 2.02 Ga and ended with the final 
assembly of Rodinia about 1.0 Ga ago.  The initial construction of 
Laurentia began by ca. 2.02-1.94 Ga with accretion of the Archean 
Slave and Rae cratons.  This protocontinent subsequently amalgamated 
with the Archean Sask, Hearne, Superior, Nain and Wyoming cratons 
between 1.90-1.79 Ga, to form the main core of Laurentia.  
Tectonomagmatic constraints suggest that Sask Craton collided with 
the Hearne craston shortly after 1.85 Ga, and that the Slave-Rae 
protocontinent and Nain craton collided with the Superior Province 
shortly thereafter, beginning at about 1.83 Ga.  During this latter event, 
the Superior Province generally formed the lower plate throughout 
early terrane accretion and terminal collision.  Along the western 
margin of Laurentia, crustal growth during the interval 1.90-1.84 Ga. 
was mainly accommodated by accretion of smaller terranes (?) and 
juvenile arcs and Once the core of Laurentia was established at ca. 1.79 
Ga, the locus of crustal growth shifted to the its southeastern flank and 
mainly involved accretionary tectonics until final Grenvillian collision 
at ca. 1.20 Ga.  Although the generation, accretion and preservation of 
juvenile Proterozoic crust is well documented in most, if not all the 
various sutures separating the component Archean cratons of Laurentia, 
Proterozoic crust only represents a minor proportion at present 
erosional levels.  This is also well illustrated in the various 
LITHOPROBE transects and with the inference that much of the 
Proterozoic orogenic welts, are underlain by Archean crust.  The 
presence of diamondiferous kimberlites in the Fort-a-la-Corne field, in 
the middle of the Trans-Hudson Orogen, also illustrates that thick 
Archean lithosphere can be preserved under Proterozoic orogenic belts.  
It appears that the final cratonic stability of Laurentia is in large part 
due to the dominance of cold and thick Archean lithosphere preserved 
during amalgamation of the Proterozoic supercontinents Nuna (1.79 
Ga) and Rodinia (1.0 Ga). 
 
PINWARIAN (1.5 GA) INTRA-ARC VOLCANISM AND 
HYDROTHERMAL ACTIVITY, EAST OF THE WAKEHAM 
GROUP, GRENVILLE PROVINCE:  A REASSESSMENT OF 
THE EXPLORATION PROSPECTIVITY OF ‘PINKSTONE 
BELTS’  

CORRIVEAU, L., Geological Survey of Canada, 490 de la 
Couronne, Québec, QC, G1K 9A9, lcorrive@nrcan.gc.ca, 
BONNET, A-L., INRS-ETE, 490 de la Couronne, Québec, QC, 
G1K 9A9, and VAN BREEMEN, O., Geological Survey of 
Canada, 601 Booth St., Ottawa, ON, K1A 0E8 

The Grenville Province and its high-grade metamorphic terranes 
epitomized for years as the sterile roots of a Himalayan-type collisional 
orogen.  Where considered intractable, the orogen was mapped as 
‘undifferentiated pink or grey gneiss’ and left largely unexplored.  New 
mineral exploration paradigms are emerging with the recognition that 
the main crustal build up of the orogen is Andean in type and involved 
juxtaposition of surface and near surface volcano-plutonic 
environments typical of those hosting VMS Cu-Au, iron oxide Cu-Au-
REE-U, epithermal gold and porphyry Cu deposits.  Two fertile, 1.5 Ga 
volcano-sedimentary intra-arc rifts with hydrothermally altered felsic 
volcanic centres, syn-volcanic faults and sub-volcanic batholiths were 
identified among the amphibolite- to granulite-facies gneiss complexes 
that intervene between the 1.5 Ga Wakeham Group in eastern Quebec 
and the largely plutonic Pinware continental arc terrane of Labrador.  
Their recognition is a vindication of recent mapping strategies 
developed to find metamorphosed hydrothermal settings in frontier 
gneiss terranes. Volcanic centres with coarse 1.50 Ga rhyolitic to 
dacitic pyroclastic rocks are intruded by 1.49 Ga quartz-feldspar 
porphyries and associated with a composite amphibolite unit (lava 
and/or sill), locally mineralized in Cu, as well as with a series of 
nodular quartzofeldspathic gneiss, aluminous gneiss, garnetite, 
ironstone, marble and calc-silicate rock formerly interpreted as 
metasediments.  The latter units display distribution, paragenesis and 
modes that significantly depart from those of normal metasediments but 

that are diagnostic of metamorphosed exhalites and hydrothermal 
alteration zones (e.g., sericitic, argillic, advanced argillic, carbonate and 
iron oxide alterations).  The preservation of lapilli textures 
demonstrates that precursors were volcanic while abrupt changes in 
unit thickness and distribution of hydrothermal alteration and 
mineralization signal the presence of syn-volcanic faults.  Sporadic 
mafic lapillis and magma mingling textures point to coeval mafic and 
felsic magmatism while the volcanic textures and the presence of acid 
alteration point to vesicular volcanism and hydrothermal activity in a 
sub-aerial to shallow submarine environment.  The pervasive calc-
alkaline signature of the eruptive and intrusive felsic to mafic rocks and 
their distribution is compatible with the development of 1.5 Ga intra-
arc volcano-sedimentary belts stemming from the Wakeham Group 
basin and extending eastward among the Pinwarian continental 
magmatic arc.  Recognizing alterations typical of volcanic-hosted 
massive sulphides and epithermal deposits during mapping provided 
the impetus to search for, and the clues needed to find, the host 
volcanic rocks concealed among the granitic gneisses.  These finds 
reflect how important may become frontier ‘pinkstone belts’ to the 
sustainable development of Canada. 
 
CHARACTERIZATION OF METAL(LOID)S IN MINERAL 
DUSTS FROM GOLD MINE TAILINGS  

CORRIVEAU, M.C., corriveau@geoladm.geol.queensu.ca, 
JAMIESON, H.E., Dept. of Geological Sciences and Geological 
Engineering, Queen’s University, Kingston, ON, PARSONS, 
M.B., Geological Survey of Canada (Atlantic), Dartmouth, NS, 
and CAMPBELL, J.L., Dept. of Physics, University of Guelph, 
Guelph, ON 

Mine tailings can represent a significant source of potentially hazardous 
dust.  Metal(oid)s such as arsenic and mercury, can exist at relatively 
high concentrations in the windblown and vehicle-raised dust from 
these tailings.  This dust poses a potential health risk to recreational 
users of these areas and nearby residents who are chronically exposed 
to tailings-derived dust.  The exposure may involve inhalation of dust, 
as well as oral ingestion of particles into the gut, especially by children.  
Preliminary studies from 15 abandoned gold mine sites in Nova Scotia 
have indicated a significant enrichment of Hg and As in tailings-rich 
soils: Hg <5 ng/g to 350 :g/g; and As 9 :g/g to 31 wt.%.  Mercury was 
used for amalgamation and may be in the form of elemental Hg, 
various secondary Hg phases, or may be adsorbed to mineral surfaces.  
Arsenic occurs naturally in these gold deposits primarily as 
arsenopyrite, but X-ray diffraction results show that secondary minerals 
such as scorodite (FeAsO4.2H2O) are abundant in the tailings.  Given 
the variable solubility of As-bearing secondary minerals, it is critical to 
understand the speciation of As in the tailings in order to assess the 
bioavailability of ingested or inhaled particles.  Particle size is also 
important in determining bioavailability.  Particles with diameters less 
than about 10 :m are of particular importance because they can be 
inhaled into the lungs.  Those less than 2.5 :m in diameter are thought 
to be the best indicator of inhalation health risks.  Air-borne dust from 
several tailings fields have been collected via a Proton Induced X-ray 
Emission Spectroscopy (PIXE) Cascade Impactor (PCI) sampler, which 
collects aerodynamically fractionated particulate samples in ten 
diameter ranges (>16 to 0.06 :m).  Each fraction was then analyzed by 
PIXE in order to determine micrograms of trace element per square 
centimeter (:g/cm2).  Bulk tailings samples from each site were also 
dry sieved to examine the relationship between particle size and total 
metal(loid) concentrations.  Preliminary analytical results obtained by 
Inductively Coupled Plasma – Mass Spectrometry (ICP–MS) after 
aqua regia digestion demonstrate that metal(oid) concentrations are 
always higher in the <38 :m fraction than the bulk tailings samples.  
However, PIXE results indicate that the relationship between As 
content and particle size is more complicated in the <10 :m fractions. 
 
UV-LASER ABLATION 40Ar/39Ar (THERMO)CHRONOLOGY  

COSCA, M.A.1, mcosca@unil.ch, MULCH, A.2 and PUTLITZ, 
B.1,  1 University of Lausanne, Institute of Mineralogy and 
Geochemistry, Lausanne, Switzerland;  2 Stanford University, 
Geological and Environmental Sciences, Stanford, CA 
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When applied to geological studies focussed on tectonics, the 40Ar/39Ar 
method is generally assumed to provide time-temperature, or 
thermochronological data.  This approach is certainly reasonable in 
many regionally metamorphosed rocks in which regional metamorphic 
temperatures were sufficiently hot and maintained sufficiently long 
enough to insure that any 40Ar/39Ar data obtained from a given mineral 
records metamorphic cooling.  However, another way that 40Ar/39Ar 
geochronology can be applied to understand the temporal evolution of 
tectonic events and processes of both local and regional scale is through 
the determination of K-bearing mineral growth ages.  Interpreting 
40Ar/39Ar results as recording mineral growth, as opposed to cooling, 
generally requires both adequate sample characterization and high 
spatial resolution 40Ar/39Ar analyses.  Several examples of mineral 
growth ages determined by in situ UV laser ablation 40Ar/39Ar 
geochronology are presented.  In some cases, documenting mineral 
growth is relatively straightforward such as during near-surface 
pseudotachylyte formation.  For example, pseudotachylyte associated 
with exhumation of UHP rocks in the Dora Maira massif, Italy, contain 
microcrystallites of K-feldspar and biotite neocrystallized from the 
frictional melt generated during a single seismogenic event.  In situ 
ultraviolet (UV) laser ablation 40Ar/39Ar geochronology of the 
pseudotachylyte yields an age of 20.1 ± 0.5 Ma for this event, 
consistent with field observations and other geochronological data.  
Geological examples of tectonic processes from deeper levels in the 
crust yield geochronological results reflecting longer, and sometimes 
divisable, time scales.  Muscovite fish in greenschist facies extensional 
mylonites in southern Norway show textural, compositional, and 
40Ar/39Ar evidence for distinct growth histories.  UV-laser 40Ar/39Ar 
ablation ages of muscovite cores interpreted to have formed during 
high-grade metamorphism record 40Ar/39Ar cooling ages approximately 
10 to 12 m.y. older than compositionally distinct muscovite 
overgrowths.  The muscovite overgrowth ages are interpreted to record 
a subsequent regional extensional event.  Even deeper levels within the 
crust can yield meaningful 40Ar/39Ar growth histories.  Phengitic white 
mica from blueschist and eclogitic rocks from the Greek island of 
Syros, have subtle and irregular compositional zoning barely resolvable 
with X-ray mapping.  Such compositional variations are interpreted to 
reflect the response of white mica to changes in external changes in 
pressure, temperature, and fluid conditions.  In situ UV laser ablation 
40Ar/39Ar geochronology of individual white micas reveals a 
distribution of ages not only consistent with the observed 
compositional variations but also spanning a time range that is 
interpreted to record mica growth during blueschist and eclogite 
metamorphism including the period of subduction. 
 
PROMOTION OF THE GEOLOGICAL AND HISTORICAL 
HERITAGE: FROM FIELD PROJECTS TO GENERAL 
WEBSITES  

CÔTÉ, P., Pascale.Cote@nrcan.gc.ca, and CORRIVEAU, L., 
Geological Survey of Canada - Québec, 490, rue de la Couronne, 
QC, G1K 9A9 

For more than 10 years, the Québec Geoscience Centre (QGC) has 
been conducting geoscience outreach activities.  Our approach has been 
to develop educational materials closely linked to field projects, with 
the involvement of some researchers motivated to reach a non specialist 
clientele, in addition to communicating with their peers.  Our products 
have been developed in collaboration with internal and external 
partners.  The “Rallyes géologiques dans la réserve faunique de 
Papineau-Labelle” were published in 1993, “Popular Geology for the 
Québec region”, in 1995 and “Si la Terre m’était contée… Géologie de 
la réserve faunique de Papineau-Labelle”, in 1996.  With the latter, 
came the idea to develop a website, and “If the Earth could talk… an 
introduction to Earth Science” was launched in 1998.  The English 
version is on-line since 2000.  Our most recent web product is a virtual 
visit of Lower North Shore geology, in eastern Quebec.  It comprises a 
geotouristic fieldtrip to educate visitors and residents of La Romaine 
and Unamen Shipu on local natural features and introduce students to 
the Earth Sciences.  In 1999 the QGC has joined the Geoscape initiative 
coordinated by the Geological Survey of Canada and produced 
Geoscape Québec in 2001, and Geoscape Montréal in 2002. 

In order for these products to integrate science curriculum and be used 
to support Earth Science education, the QGC has designed in 2003 a 
geological field trip in Old Québec for high school teachers.  The 
itinerary is linked to the subjects of the Geoscape, and historical 
segments on the military presence and the fortifications of Québec have 
been consolidated in collaboration with Parks Canada.  The field trip 
guide book “Québec fortified City: geological and historical heritage” 
is our most recent educational document. 
Our outreach activities with teachers in the Québec region comprise a 
coherent array of activities and documents that can be used in the 
classroom.  Our websites, globally receive some 5000 visits every 
month, and enable us to widen our range of users, especially in the 
francophone community of Canada and abroad. 
 
CENOZOIC UPLIFT AND LATERAL GROWTH OF THE 
PUNA PLATEAU (NW ARGENTINA):  NEW INSIGHTS FROM 
DETRITAL APATITE FISSION-TRACK 
THERMOCHRONOLOGY OF THE ANGASTACO 
INTRAMONTANE BASIN  

COUTAND, I.1, 2, Isabelle.Coutand@univ-lille1.fr, CARRAPA, 
B.3, SOBEL, E.3 and STRECKER, M.3,  1 Université de Lille 1, 
UMR 8110-Bat SN5, 59655 Lille cedex, France;  2 Department of 
Earth Sciences, Dalhousie University, Halifax, NS, Canada, B3H 
3J5;  3 Universitat Potsdam, Institut fur Geowissenschaften, 
Postfach 60 15 53, 14415 Potsdam, Germany 

In the Central Andes, the Altiplano-Puna high plateau is a first-order 
topographic feature characterized by an elevation of c.a. 4000 meters, 
low internal relief, long-lasting internal drainage and hyper arid climate 
due to the condensation of Atlantic-derived moisture on the windward 
flank of its eastern border.  The plateau consists of several overfilled 
Cenozoic intramontane basins where up to 6 km of continental clastics 
were accumulated, and alternating with thrust-bounded basement 
ranges.  These basins are key elements that were formed and persist 
because surface uplift of associated orographic barriers overwhelms the 
fluvial system and defeats orogen-traversing channels disconnecting 
persistently the orogen’s interior from the foreland base-level.  
Previous data indicate that compressional deformation was 
accommodated in a complex and diachronous way across and along the 
eastern border of the present Puna plateau.  Thus, two major problems 
remain partly unresolved in this area: (1) timing of pronounced 
denudation as a proxy for crustal thickening and topographic building 
and (2) space-time propagation of the compressional front of this 
orogenic system.  A first step is to constrain in space and time, the 
building of these orographic barriers.  This is achieved by collecting 
structural, stratigraphic and thermochronologic informations in the 
intramontane basins and along their borders.  The Neogene Angastaco 
basin located along the southeastern border of the Puna Plateau is one 
of them.  Our integrated data suggest that (1) the eastern border of the 
present Puna plateau (eastern Cordillera) started to exhume about 40 
My ago and continuously accelerated till 5 My from 0.15 to 0.25 
mm/yr (2) this range might have acted as an orographic barrier as early 
as the Late Eocene as shown by the preservation of its erosional 
products on its leeward (western) side and their absence along its 
foreland (eastern) side, (3) a 6000-meters thick section of continental 
clastics started to be preserved in the Angastaco basin (foreland side) 
15 My ago, because accommodation space is created in response to the 
fast exhumation (0.5 mm/yr) of a younger source region.  At that time, 
the eastern Cordillera acts persistently as a barrier preventing the 
widespread volcanic material from the western Puna plateau to reach 
the basin to the east, (4) The Angastaco basin is partially disconnected 
from the foreland base-level when the present-day frontal Cordillera 
bounding the eastern side of the basin, is exhumed and uplifted 6 My 
ago. 
 
FUTURE AGGREGATE SUPPLY CONSIDERATIONS IN 
SOUTH WEST ENGLAND AND SOUTH WALES – 
RATIONAL?  VIABLE?  SUSTAINABLE?  

COWLEY, J., 23 Bayfran Way, Blandford Forum, Dorset, UK 
DT11 7RZ, jcmarpa@aol.com 
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Historically important for industrial and metal minerals and coal the 
provision of aggregate is now the major mineral development in South 
West England and South Wales.  Currently production is 32 and 10 
million tonnes per annum with landings of 0.6 and 1.2 million tonnes of 
dredged aggregate respectively. 
These locations have substantial resources of aggregates, primarily rock 
with limited resources of sand and gravel.  Reserves of aggregates are 
also substantial at around 1,436 and 655 million tonnes respectively. 
The relative abundance of resources in these areas has meant that they 
also supply areas with limited resources or with major demand for 
aggregates.  The South West supplies the wider London area by rail, 
coastal shipping and by road.  South Wales supplies the wider 
Birmingham area by road.  Both areas also contain resources of stone 
with high resistance to polishing sold throughout England and Wales 
for the surface layers of roads. 
Wastes of other mineral operations and industrial activities can be used 
to replace primary aggregate.  These wastes include ‘sand’ from China 
Clay extraction, colliery spoil, slate waste, slag, etc.  There is 
considerable political pressure to maximise the use of these wastes due 
to perceived sustainability advantages. 
However, despite this abundance concern has been expressed as to the 
ability to maintain production in the future either for particular 
materials (mainly sand or gravel) due to shortages of resources and 
reserves, or due to the extent of environmental constraints in particular 
parts of each location.  Devolution of powers, to the South West 
Regional Assembly and the Welsh Assembly, has created a system that 
seeks greater involvement in decisions and to resolve the above 
concerns reappraisal of supply is underway in both locations. 
This paper flows from work and research undertaken recently by the 
author and considers topics relating to particular aspects of aggregate 
supply in the two locations, with an introduction setting out the general 
geographical, resource, demand, environmental and administrative 
background.  The topics considered are:  sand supply to South Wales, 
polishing resistant aggregate, aggregate transport issues and 
sustainability and the ‘local’ quarry in the South West. 
 
LA-ICP-MS ZIRCON DATING OF THE LAC MATAPÉDIA 
AND MT. ST.-ANSELME BASALTS, QUÉBEC:  SUPPORT FOR 
A PROTRACTED MANTLE PLUME EVENT DURING THE 
OPENING OF IAPETUS  

COX, R.A., Science de la Terre, Université du Québec à 
Chicoutimi, Chicoutimi, QC, G7H 2B1, rcox@uqac.ca, and 
HODYCH, J.P., Department of Earth Sciences, Memorial 
University of Newfoundland, St. John's, NL, A1B 3X5 

U-Pb dating of zircon from late-Precambrian, allochthonous volcanic 
sequences in southern Quebec, has been carried out, using the LAM 
ICP-MS technique.  The volcanic rocks are interbedded with clastic 
sediments and contain numerous xenoliths.  The LA-ICP-MS technique 
is therefore well suited to the study, as it allows a large number of 
grains to be characterized by imaging before being dated in-situ.  This 
allows primary igneous crystalization ages, as well as the ages recorded 
by xenocrysts, to be recognized and largely eliminates the problem of 
constraining igneous crystallization ages using discordant data that 
results from mixed age populations.  The data has been used to test 
recent hypotheses suggesting that the opening of the Iapetus Ocean 
began with rifting centred on a mantle plume near the Sutton 
Mountains of Quebec.  This plume is though to have resulted in a three-
pronged rift with radiating dykes, continental flood basalts and later 
ocean island basalts (OIB) that culminated at ~550 Ma These later 
rocks record superplume geochemical characteristics.  One difficulty 
with this single mantle plume hypothesis is that there may be a gap of 
~10 Ma between the ~615 to ~565 Ma ages of the dykes and flood 
basalts and the ~554 to 550 Ma ages of the OIB magmatism.  We test 
whether this age gap exists by dating the Lac Matapédia and Mt. St.-
Anselme basalts, which have OIB geochemistry.  The provenance of 
these allochthonous units is also determined.  Two basalt flows from 
separate thrust slices at Lac Matapédia contain zircons that were 
individually dated yielding ages of 565±6 Ma and 556±5 Ma.  Zircon 
xenocrysts are also present and yield Grenvillian ages, confirming that 
the basalts, although allochthonous, were extruded on the Laurentian 

margin.  At Mt. St.-Anselme, one basaltic flow contains zircons that 
were individually dated yielding an age of 551±7 Ma.  No xenocrysts 
or inherited zircons were found in the flow, but the age of a granite 
pebble from interstratified sandstones yields a Grenvillian age of 
981±17 Ma suggesting that these allochthonous basalts were also 
extruded on the Laurentian margin.  These dates indicate that the OIB 
magmatism on the Laurentian margin may have been continuous from 
~565 to 550 Ma.  This supports the hypothesis that OIB magmatism 
was fed from the same mantle plume as the dykes and flood basalts, 
and that Laurentia remained approximately stationary over the plume 
through the Ediacaran. 
 
PLIOCENE CLIMATE VARIABILITY ON ELLESMERE 
ISLAND, CANADA:  ANNUAL VARIABILITY FROM STABLE 
ISOTOPE VALUES OF FOSSIL WOOD  

CSANK, A.Z., BASINGER, J.F. and PATTERSON, W.P., Dept. 
Geological Sciences, University of Saskatchewan, Saskatoon, SK, 
S7N 5E2, az.csank@usask.ca 

The Cenozoic fossil record in the High Arctic documents the evolution 
of polar vegetation in response to global climate deterioration, with 
continuous forest cover and an absence of a northern tree line until the 
close of the Tertiary.  Complete disappearance of the polar forests 
occurred at ~2.5 Ma when there was a final shift to complete tundra 
vegetation in the High Arctic with the onset of glaciation. 
Strathcona Fiord, on Ellesmere Island in the Canadian High Arctic 
(79ºN), is the source of a rich Early Pliocene (4-5 Ma) biota.  In 
contrast to the modern, High Artic, barren landscape of Ellesmere 
Island, the Early Pliocene fossil record indicates a mixed coniferous-
deciduous vegetation, with a diverse mammal fauna including beavers, 
shrews, badgers and bears, resembling the extant cool-temperate, boreal 
forests of northern Canada.  The excellent preservation of sub-fossil 
wood recovered from the Strathcona Fiord has provided the opportunity 
to obtain a secular record of Arctic climate for the Pliocene from stable 
isotope studies of tree-rings. 
*18O, *13C and *D extracted from wood cellulose have proven to be 
valuable tools for the extrapolation of palaeoclimate data; however, 
sample preservation has generally precluded the use of these methods 
in the study of pre-Quaternary wood.  This study provides a 
consecutive annual record of climate over a period of more than 200 
years, and represents the first high-resolution, secular isotope study of 
Pliocene wood.  Data obtained from the oxygen and carbon isotopes 
show a highly variable climate with long periods of cool dry conditions 
and shorter periods of warm wet conditions.  They also indicate a shift 
of precipitation from a marine source to a more continental source 
around 37 years into the record.  Continuing analysis of hydrogen 
isotopes will provide us with additional information about 
precipitation, the local meteoric water line as well as the possibility of 
discerning annual temperatures.  A better understanding of the response 
of Pliocene Arctic vegetation to climate change is crucial to our 
understanding of global climate change at high-latitudes, arguably 
those regions most sensitive to changes in global climate. 
 
EVOLUTION OF THE MAKKOVIK PROVINCE, LABRADOR, 
CANADA:  TECTONIC PROCESSES DURING 200 Ma AT A 
PALEOPROTEROZOIC ACTIVE MARGIN  

CULSHAW, N., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 3J5, Canada, culshaw@dal.ca, 
KETCHUM, J., GEMOC, Dept. of Earth and Planetary Sciences, 
Macquarie University, NSW, 2109, Australia, and BARR, S.M., 
Dept. of Geology, Acadia University, Wolfville, NS, B4P 2R6, 
Canada 

In the Makkovik Province of Labrador, structures, magmatism and 
sedimentation in the reworked southern edge of the Archean Nain 
craton (parautochthon) and an adjacent juvenile domain contain a more 
than ca. 200 Ma long record of processes at an active margin.  The 
entire record may be interpreted consistently in terms of plate tectonic 
processes but, during the latest stages, lower crustal flow was probably 
also an important process - as, arguably, in other Proterozoic and 
Archean orogens. 
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D1 marked collision of an inferred terrane with the parautochthon 
before ca. 1896 Ma.  Thick- and thin-skinned structures formed in, 
respectively, the Archean parautochthon and sedimentary and mafic 
volcanic rift and drift and foredeep assemblages (ca. 2178-2013 Ma 
Post Hill and Moran Lake groups).  Following terrane collision, 
subduction stepped back and flipped cratonward.  D2 transpressive 
structures affected the entire parautochthon, thermally softened by 
emplacement of arc plutons of the ca. 1895 - 1870 Ma calc-alkaline 
Island Harbour Bay Plutonic Suite.  Between ca. 1860 and 1850 Ma, 
bimodal volcanic and clastic rocks of the Aillik Group were deposited 
in a back-arc setting oceanward of the Island Harbour Bay Plutonic 
Suite.  D3 transpressive inversion of the Aillik Group basin occurred 
sometime between 1850 and 1802 Ma.  This phase may have been 
driven by accretion of an arc, the Cape Harrison Metamorphic Suite 
and broadly overlapped with ca. 1815-1780 Ma granitoid plutonism 
that was mostly contained in the juvenile terranes.  D4 strike-slip 
shearing formed structures at the oceanward margin of the 
parautochthon and were responses to events in the active arc that was 
now widely separated from the parautochthon by accreted terranes. 
The tectonic isolation of the parautochthon ended by the time of D5 (ca. 
1740 - 1700 Ma) with the reappearance across the orogen of A-type 
granite and low-grade shear zones.  Low-dipping seismic reflectors in 
the mid- and lower crust are attributed to lower crustal flow initiated at 
this stage.  These structures are not exposed at surface in Makkovik but 
are postulated to be equivalent to flat-lying high grade structures 
exposed in the formerly contiguous Ketilidian Mobile Belt of southern 
Greenland. 
 
SEABED SAMPLING OFFSHORE WEST GREENLAND - NEW 
INFORMATION OF INVERTED PALAEOZOIC AND 
MESOZOIC BASINS  

DALHOFF, F., fd@geus.dk, KUIJPERS, A., NIELSEN, T., 
LASSEN, S., BOJESEN-KOEFOED, J.A., LARSEN, L.M., 
STOUGE, S., RASMUSSEN, J.A., and NØHR-HANSEN, H., 
Geological Survey of Denmark and Greenland, Oster Voldgade 
10, DK-1350 Copenhagen K, Denmark 

The West Greenland margin is a rifted continental margin composed of 
a system of connected older rift basins.  This basin complex has been 
influenced by several episodes of strike-slip movement with the 
formation of pull-apart basins showing compressional structures, 
involving sediments and volcanic rocks of Palaeozic to Cenozoic age.  
Despite drilling of five exploration wells in the mid-1970s and renewed 
exploration activities from the mid-1990s with one exploration well, 
still little is known of the pre-Cretaceous stratigraphy. 
During the summers of 2003 and 2004, cruises in the offshore area of 
West Greenland took place in the region from 62°N to 67°N.  Intensive 
high-resolution geophysical data acquisition and seabed sampling were 
carried out.  The main purpose of the cruises was to gather further 
information on the stratigraphy in the deeper part of the sedimentary 
succession, as revealed at inversion structures and in erosional canyons.  
Other targets included finding direct evidence of active petroleum 
systems, establishing constraints on tectonic models, and obtaining a 
better understanding of the Neogene and Pleistocene history of the 
region. 
The samples in the fault-related canyon system west of the Fylla 
Structural Complex have given the following results: the strata on the 
western flank of the canyon are Paleocene; on the eastern flank of the 
canyon, Archaean crystalline rocks form the basement, overlain by 
Upper Ordovician – Lower Silurian and Mesozoic marine sediments.  
A newly identified source rock is dated as Late Ordovician.  
Concerning the Davis Strait High, the material recovered provides new 
evidence on the Early Palaeozoic, Mesozoic and Palaeogene history of 
this area. 
Geochemistry and radiometric age determination of basalts from four 
different areas, the Davis Strait High and three seamounts, have 
provided important data for distinguishing between conflicting tectonic 
models.  The data show that oceanic crust is absent within the study 
area.  Sea-floor alteration of subaerially erupted alkali basalts, with 
fracture-filled oil-impregnated fossiliferous carbonates of Miocene age, 

provides an indirect dating of tectonic movements on the Hudson 
Fracture Zone. 
 
ORIGIN OF ANOMALOUS SAND LAYER IN BACKBARRIER 
PEAT, NORTHEAST NEWFOUNDLAND  

DALY, J.F., HILL, R., University of Maine - Farmington, 
Farmington, ME 04938, USA, dalyj@maine.edu, and BELL, T., 
Memorial University of Newfoundland, St. John's, NL, A1B 3X9 

Barrier beach systems in northeastern Newfoundland include low-
energy back barrier areas that may record unusual storm or seismic 
events.  These back barrier zones have minimal inorganic input and are 
dominated by brackish wetland, sedges, heath, or salt marsh.  Low 
dunes typically separate these areas from the high-energy beach face.  
At several locations, a distinctive sand layer was traced in the 
subsurface peat.  It is interpreted to be an overwash deposit from a 
single event.  At Cape Freels, the layer is up to twenty cm thick near 
the dunes and thins landward.  An AMS 14C date from the peat directly 
underlying the sand layer yielded an age of 170 ± 30 years.  Historic 
records document two intriguing events that may be responsible for the 
overwash deposit: the Independence Hurricane of September, 1775, 
believed to have caused the deaths of 4000 sailors off the coast of 
eastern Newfoundland, or the 1755 Lisbon earthquake.  The 
considerable thickness and spatial extent of the layer attest to the 
exceptional magnitude of the washover event; no other layers with 
similar characteristics are found in the Cape Freels stratigraphy, which 
dates to ~3000 years BP.  Description and interpretation of this layer 
should add to a long-term history of extreme events in the North 
Atlantic Ocean, and help to understand the frequency and impacts of 
unusual events. 
 
DEVELOPING A SAMPLE DESIGN TO SURVEY 
CATEGORICAL SOIL VARIABLES IN EASTERN ONTARIO  

DANESHFAR, B., Ottawa-Carleton Geoscience Center, Dept. of 
Earth Sciences, University of Ottawa, Ottawa, ON, K1N 6N5, 
Canada, HUFFMAN, T. and JARVIS, I., Agriculture and Agri-
Food Canada, 960 av. Carling Ave. Ottawa, ON, K1A 0C6, 
Canada 

Specifying the required number of samples or measurement points is 
usually one of the first tasks in field surveys.  Several statistical and 
geostatistical techniques have been suggested as a means to address 
such issues for measuring or sampling numerical (ratio/interval) 
characterization variables of soils.  However, sampling and measuring 
designs for categorical (non-numerical) variables need to address other 
considerations and are usually more difficult to formulate than those for 
numerical variables. 
In this study a methodology to answer such questions for soil survey 
sampling design is introduced.  The study area covers approximately 
10,000 km2 in Eastern Ontario, Canada.  Based on the spatial 
variability of the categorical variable (Soil types), its geostatistical 
characteristics and an assumed acceptable sampling error, the direction 
and spatial interval for sampling profiles is determined.  After 
designing the grid of sample points, a geographic information system 
(GIS) is used to identify the road nearest to the location of each 
proposed sampling location.  The procedure enables a surveyor to 
design the sampling framework, identify sampling locations, establish 
profile directions and identify an access point for each sampling 
location for soil type, land cover or similar surveys. 
 
SPECIATION OF ARSENIC IN MINE TAILINGS AND PORE 
WATER, LOWER SEAL HARBOUR GOLD DISTRICT, NOVA 
SCOTIA  

DANIELS, C.M.1, PARSONS, M.B.2, JAMIESON, H.E.1, HALL, 
G.E.M.3 and VAIVE, J.E.3,  1 Dept. of Geological Sciences and 
Geological Engineering, Queen’s University, Kingston, ON;  2 

Geological Survey of Canada (Atlantic), Dartmouth, NS;  3 

Geological Survey of Canada, Ottawa, ON 
Arsenopyrite and other As-bearing sulphides occur naturally in most 
lode gold deposits of the Cambro-Ordovician Meguma Group in Nova 
Scotia, and are present at high concentrations in the tailings at past-
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producing mines.  Chemical analyses of 520 tailings samples collected 
from 15 gold districts in 2003 and 2004 show a wide range in As 
concentrations, from 9 mg/kg to 31 wt.%.  In addition to As-bearing 
sulphides, X-ray diffraction data indicate that As is also hosted by a 
variety of more soluble, weathering-related phases, such as scorodite 
(FeAsO4·2H2O).  The main objective of the present study is to examine 
the speciation of As in tailings and pore waters in different 
environmental settings to better understand the processes that control 
the mobility of As from these mine wastes.  Field studies in 2004 
focused on tailings at the Lower Seal Harbour (LSH) Gold District in 
eastern Nova Scotia, which was active intermittently from 1894 to 
1942.  Early gold recovery efforts employed stamp mills and mercury 
amalgamation, whereas later operations used cyanidation as the 
primary extraction method.  Tailings from the LSH mine are 
voluminous, and have been transported more than 1 km to the ocean 
where they form a tailings flat in the intertidal zone.  Occasionally, 
local residents harvest clams from this area.  Tailings and pore water 
samples were collected from three sites around LSH with contrasting 
environmental conditions: (1) subaerially exposed tailings (‘oxidized’ 
site); (2) submerged tailings in a shallow, marshy area (‘reduced’ site); 
and (3) tailings from the intertidal zone (‘marine’ site).  In-situ pore 
water samples were obtained using peepers (dialysis membrane 
samplers), and duplicate tailings cores were collected adjacent to the 
peepers at each site.  Analyses of As(III)/As(V) in the pore waters 
reveal a transition from oxidized to reduced conditions at depths of 
approximately 30 cm, 2 cm and 10 cm at the oxidized, reduced, and 
marine sites, respectively.  In general, the total dissolved concentrations 
of As, Fe, and Mn increase as the pore waters become more reducing, 
whereas the concentrations of total dissolved S decrease.  The average 
concentration of As in the solid phase is approximately 4 to 8 times 
greater at the onland sites as compared to the marine site, which may 
reflect dilution of the tailings by natural marine sediments.  Sequential 
extractions will be used to characterize the partitioning of As in the 
tailings, and should help to clarify the geochemical controls on the 
observed pore water concentrations. 
 
TRANSITION ZONE ORIGINS FOR OLIVINE INCLUSIONS IN 
DIAMOND?  

DAVIES, R.M., rdavies@amnh.org, HARLOW, G.E., American 
Museum of Natural History, New York, NY, 10024-5192, 
gharlow@amnh.org, and FEI, Y., Carnegie Institution of 
Washington, Washington, DC, 20015, y.fei@gl.ciw.edu. 

Petrological models for the upper mantle suggest a pyrolitic 
composition where olivine ((Mg,Fe)2SiO4) and its high-pressure 
polymorphs, wadsleyite and ringwoodite comprise as much as 60 
vol.%.  Consistent with this, olivine is the most common inclusion in 
diamonds sourced from the upper mantle, and rare diamonds from the 
uppermost lower mantle are peridotitic. 
In contrast, peridotitic diamonds with transition zone origins are rarely 
identified; the majority being eclogitic.  A likely reason is that plastic 
deformation of diamond permits wadsleyite and ringwoodite, formed in 
the transition zone, to invert to olivine upon decompression.  Thus, 
peridotitic diamonds from the transition zone remain unidentified 
because of this transformation.  Chemical fingerprinting appears to be 
the only way to recognize former single-phase wadsleyite and 
ringwoodite inclusions in diamond.  The crystal chemistry and 
partitioning among olivine, wadselyite and ringwoodite, crystallized 
from fertile peridotite KLB-1 are being studied in multianvil 
experiments at 12 to 21 GPa and 1300 to 1600°C. 
At 12 GPa olivine is the dominant phase, with lesser garnet, diopsidic 
clinopyroxene and minor spinel.  At 13 GPa, garnet becomes strongly 
majoritic with a high MgSiO3 component.  Between 13 and 14 GPa 
olivine is replaced by wadsleyite.  On crossing the phase transition, 
wadsleyite contains higher Al, Cr, Ti and Na, whereas olivine has a 
higher Mg number (av. 90.0 Ol vs 89.5 Wad) and higher average Mn 
and Ca contents.  Ni contents are roughly the same.  Partition 
coefficients between wadsleyite and olivine (DWad/Ol) range between 7 
(Al), 3.5 (Cr), 2.6 (Ti) and 2.1 (Na).  The presence of minor spinel 
suggests the partition coefficients for Al and Cr are minimum values. 
The experiments demonstrate that in fertile peridotite the former 
presence of wadsleyite and ringwoodite can be determined by analysis 

of minor and trace elements in olivine when preserved in the confines 
of a diamond.  When we compare the compositions of synthesized 
olivine and wadsleyite to 400 analyses of (Mg,Fe)2SiO4 inclusions in 
diamond from occurrences worldwide, our preliminary results suggest 
that we can largely exclude wadsleyite or ringwoodite as precursors. 
 
U-Pb DISCORDANCE IN TITANITE AND THE 
INTERPRETATION OF THE THERMAL HISTORY OF 
METAMORPHIC ROCKS:  EXAMPLES FROM THE 
WESTERN CHURCHILL PROVINCE, NUNAVUT  

DAVIS, W.J., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8, bidavis@nrcan.gc.ca 

Titanite is a common mineral in metamorphic rocks and is amenable to 
precise U-Pb TIMS dating.  In polymetamorphic rocks titanite may 
record multiple geological events, either as new crystallization, 
recrystallization, or Pb-loss.  Discordance, both normal and reverse, is 
commonly observed and may be caused by a variety of processes 
including: mixing, recrystallization, Pb-loss, inaccurate common Pb 
composition, as well as analytically-induced U-Pb fractionation.  
Understanding the cause of discordance is essential for accurate 
geological interpretation of the thermal history of an area.  The 
northwestern part of the Hearne domain, western Churchill province, 
Nunavut is a region of Archean crust that experienced multiple 
amphibolite to granulite-grade metamorphic events between 2.6 and 1.8 
Ga.  Titanite data from this area demonstrates the complexity of 
interpretation in metamorphic domains and the potential for inaccurate 
age interpretations.  Titanite ages are highly variable, both within 
individual rocks and amongst samples from a limited area.  In some 
cases, the variable ages can be attributed to different generations of 
titanite growth combined with recrystallization and/or diffusional Pb-
loss.  Prominent new growth and recrystallization of titanite occurred in 
Archean rocks at 1.81-1.84 Ga, a period of widespread metamorphism 
and accompanying plutonism across the Hearne domain.  Older titanite 
grains are preserved and record vestiges of ~ 1.9 Ga, 2.5-2.56 Ga and 
2.61 Ga metamorphism, as well as protolith ages.  In most cases the 
older titanite grains are only partially reset and geological age 
significance can only be interpreted if the cause of the discordance can 
be established.  Reverse discordance observed in some samples may 
reflect the incorporation of radiogenic Pb during the recrystallization or 
breakdown of pre-cursor, high-mu minerals in metamorphic rocks.  
However, in many cases the Pb composition required is not 
geologically reasonable, and U-Pb fractionation may have been 
introduced during chemical processing.  Titanite in a number of 
samples yield ages of ~1.76-1.78 Ga that post-date the ~1.83 Ga 
metamorphism and record recrystallization associated with extensional 
faulting.  Fluids play a critical role in resetting the U-Pb system in 
titanite. 
 
PLATE RESTORATION AND SALT TECTONICS IN THE 
NORTHERN CENTRAL ATLANTIC  

DAVISON, I., Earthmoves Ltd., Chartley House, 38-42 Upper 
Park Road, Camberley, Surrey, GU15 2EF UK, 
i.davison@earthmmoves.co.uk 

Structural restoration along the Newfoundland and Flemish Cap 
margins indicate approximately 85 km of extension has taken place 
during Central and North Atlantic rifting.  Translation of Flemish Cap 
to its original position before rifting, then plate restoration of the N. 
Canadian-NW African margin before Central Atlantic opening requires 
590 km of right-lateral movement along the Chedabucto-Gibraltar 
Shear Zone System, which is much less than previous estimates.  Once 
this restoration is applied the Scotian-Moroccan salt basin extends 
northward, and links to the Newfoundland salt basins (Whale and 
Bonnition).  The salt basins in Portugal are similar to the Offshore 
Newfoundland Basins in having series of deep elongate troughs 
containing salt separated by basement highs, whereas farther south in 
Nova Scotia and Morocco, the salt basin appears to be a single basin 
that split leaving a similar width of salt on both margins.  The areas 
with mainly allochthonous salt in the northern portion of the Scotian 
Basin and the Essaouira Basin of Morooco are conjugate in the plate 
restoration.  The Moroccan salt is floored and overlain by flood basalt 
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of the Central Atlantic magmatic province erupted at 200 ± 1 Ma 
suggesting the salt was deposited in less than 1 M yr, and the Scotian 
salt is the same age.  Examples of seismic sections from the Scotian 
and Moroccan salt basins will be examined and compared. 
 
THE ORIGIN OF LITHOSPHERIC MANTLE:  EVIDENCE 
FROM A TRACE-ELEMENT STUDY OF ECLOGITE AND 
LHERZOLITE XENOLITHS FROM KAALVALLEI, 
KAAPVAAL CRATON  

DE HOOG, J.C.M. (Cees-Jan), Dept. of Earth Sciences, Göteborg 
University, Gothenburg, Sweden, cees-jan@gvc.gu.se 

The Kaalvallei kimberlite (Kaapvaal Craton) contains abundant 
eclogitic and lherzolitic mantle xenoliths.  Garnet-lherzolites 
equilibrated at 35-75 kbar and follow a 40mW/m2 geotherm.  They can 
be divided into three discrete groups: a high-temperature relatively 
fertile group (FP), an intermediate temperature depleted group (DP), 
and a low-temperature ultra-depleted group (UDP) that also contains 
spinel.  A similar division can be made for the eclogites, in which 
fertile (FE) and depleted eclogites (DE) correspond to Group I and 
Group II eclogites, respectively.  As both eclogites and peridotites 
show similar depletion trends with depth, the mantle sampled by the 
Kaalvallei kimberlite appears to be layered.  The mantle down to 140 
km is ultradepleted, depleted between 140 and 170 km, and fertile at 
deeper levels. 
Depletion patterns are illustrated by trace-element patterns of 
clinopyroxenes, which show remarkable similarities between depleted 
peridotites and Group II eclogites, and between fertile peridotites and 
Group I eclogites. 
Low abundances of Ti and Y in the DP and UDP suites (<0.1 and <0.01 
relative to primitive mantle) suggest that these rocks are the residues of 
large amounts of near-fractional melting in the garnet stability field - 
possibly in a plume setting - resulting in a harzburgitic rock.  The 
presence of clinopyroxene and garnet is therefore surprising and 
suggests that these minerals were formed by modal metasomatism or 
exsolved from orthopyroxene during depressurization.  Sinusoidal REE 
patterns in garnets point to an important role for metasomatism, with an 
LREE-rich metasomatic agent and incomplete equilibration between 
rock and melt or fluid. 
Depleted eclogites show similar Ti and Y depletions, and comparable 
LREE, U, Th enrichments, as the DP suite.  The low Y content 
indicates that DE cannot be melt residues, hence their signature is of 
different origin from the DP suite.  Most likely they represent 
crystallized siliceous melts that were significantly modified by 
interaction with the peridotites. 
The FP suite shows signs of moderate melt extraction, as the more 
incompatible elements are increasingly depleted, whereas Ti and Y are 
close to primitive mantle values.  Major elements point to melt 
extraction at much lower pressures than the pressure of subsolidus 
equilibration.  The FE suite is thought to be derived from basaltic ocean 
floor with some admixed sediments, which is consistent with its trace-
element signature.  This suggests that both FP and FE are derived from 
subduction - the FP suite representing former oceanic lithospheric 
mantle - and were stacked at the bottom of the cratonic root. 
 
AN EMPIRICAL CALIBRATION OF AN Al-IN-OLIVINE 
GEOTHERMOMETER APPLICABLE TO GARNET-BEARING 
LITHOLOGIES  

DE HOOG, J.C.M., cees-jangvc.gu.se, and GALL, L., Dept. of 
Earth Sciences, Göteborg University, Gothenburg, Sweden 

The concentration of aluminum in olivine from mantle peridotites is 
strongly temperature dependent, and can therefore be used as a 
geothermometer.  A suite of fresh mantle peridotite xenoliths from the 
Kaalvallei kimberlite (South-Africa) was used for calibration of the 
thermometer.  The samples contain olivine, opx, cpx, garnet ± spinel.  
Aluminum contents of the olivines, determined by LA-ICP-MS, range 
from 8-140 ppm, with a few anomalous values up to 310 ppm.  Mg # 
lie between 91.5 and 93.3.  P-T conditions of the peridotites were 
estimated with the Al-in-opx geobarometer and cpx-opx 
geothermometer, and plot on a conductive geotherm of ca. 40 mW/m2.  

The temperature range is 900-1380°C.  Only samples plotting on the 
geotherm were considered, as the other samples showed disequilibrium 
features.  The expression for the thermometer is: 
TAl-in-ol(°C) = 11390 / [ 11.88 - ln(Al, ppm) ] – 273 
with an average residual of 12°C.  As the compositional range of 
mantle olivine is very small, no correction for major chemical 
components is necessary.  In addition, no correction for Al activity of 
the system is necessary, as long as an Al-saturated phase such as garnet 
is present.  Combined with the Ca-in-olivine barometer, the new 
thermometer has the potential to determine P-T conditions of single 
olivines.  As olivine is an abundant component of heavy mineral 
separates from kimberlites, it could serve as a new tool for diamond 
exploration. 
Vanadium and Cr show similar temperature-dependent variations as Al, 
but to a lesser degree, and would therefore yield less accurate 
geothermometers.  In addition, partitioning of these elements is 
sensitive to variations in oxidation state.  The pressure dependence of 
the thermometer is the subject of future research.  Considering the 
significant pressure component of Ca and Ti partitioning into olivine, it 
is recommended that the Al-in-olivine thermometer in its current form 
is applied to rocks derived from comparable (cratonic) geotherms only. 
 
INDICATOR OF RISK OF WATER CONTAMINATION BY 
NITROGEN  

DE JONG, R., Agriculture and Agri-Food Canada, 960 Carling 
Avenue, Ottawa, ON, K1A 0C6, dejongr@agr.gc.ca 

Driven by changes in agricultural production practices, nitrogen inputs 
have increased steadily on Canadian farmland.  An agro-environmental 
indicator was developed to monitor potential water pollution by 
nitrogen: Indicator Risk of Water Contamination by Nitrogen 
(IROWCN).  This indicator links the residual soil nitrogen indicator to 
climatic- and soil conditions to assess the likelihood of nitrogen 
moving out of the agricultural system.  The results are assessed in terms 
of nitrogen lost via leached water (Nlost), and its concentration in the 
leached water (Nconc), with IROWCN classified on both Nlost and Nconc 
criteria. 
The average amount of Nlost in Canada increased from 6.1 kg N ha-1 in 
1981 to 7.6 kg N ha-1 in 2001.  Nconc values remained fairly constant 
during the 1981 to 1996 census years (4.9 to 6.0 mg N L-1), but 
increased sharply (28%) to 7.3 mg N L-1 in 2001.  The percent farmland 
area in the very low and low IROWCN classes decreased from 81% in 
1981 to 65% in 2001.  Correspondingly, the farmland areas in the 
moderate, high and very high classes increased, although less than 3% 
of the farmland area fell in the very high class.  In 2001, relative large 
areas (>0.1 million ha) falling in the very high risk class were found in 
Manitoba, Southern Ontario and Quebec. 
Provincial averages of Nlost varied from very low losses ( <5 kg N ha-1) 
in Alberta and Saskatchewan to low losses (10 to 20 kg N ha-1) in 
Manitoba and Ontario, to moderate losses (20 to 40 kg N ha-1) in 
British Columbia, Quebec, PEI, New Brunswick and Nova Scotia to 
high losses ( > 40 kg N ha-1) in Newfoundland.  Alberta and 
Saskatchewan had more than 70% of the farmland area in the very low 
risk category for IROWCN.  In British Columbia, Ontario, Quebec, 
Nova Scotia and Prince Edward Island, most of the farmland area is in 
the lower and moderate risk categories, whereas in Manitoba, New 
Brunswick and Newfoundland, more than 60% of the farmland is in the 
moderate and higher level risk categories for IROWCN. 
 
PARTITIONED TRANSTENSION:  AN ALTERNATIVE TO 
BASIN INVERSION MODELS  

DE PAOLA, N.1, 2, nicola.depaola@durham.ac.uk, 
HOLDSWORTH, R.E.1, MCCAFFREY, K.J.W.1 and BARCHI, 
M.R.2,  1 Reactivation Research Group, Department of Earth 
Sciences, University of Durham, Durham DH1 3LE, UK;  2 

Gruppo di Geologia Strutturale e Geofisica, Dipartimento di 
Scienze della Terra, University of Perugia, Perugia 06100, Italy 

“Inversion structures” (e.g. folds, reverse faults) spatially associated 
with basin-bounding faults are very widely recognised in rift basins in 
both onshore and offshore settings worldwide.  The great majority of 
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such structures are attributed to local or regional crustal shortening 
events.  There is, however, an alternative, which is investigated in this 
paper: inversion could reflect a horizontal shortening component of 
deformation formed during progressive and partitioned transtension.  A 
case study from the Carboniferous Northumberland Basin shows that 
shortening structures can also form in obliquely divergent rifts if the 
bulk strain undergoes kinematic partitioning into distinct regions of 
wrench- and extension-dominated transtension.  Such strain 
partitioning appears to be particularly favoured in basins where fault 
localisation is strongly influenced by pre-existing basement structures.  
This may occur because the pre-existing anisotropies are zones of long-
lived weakness that lie in an orientation particularly favourable to the 
preferential accommodation of either strike-slip or dip-slip 
displacements.  Our strain analysis applied to the Northumberland 
Basin, traditionally considered as a classic example of a Variscan 
inverted basin, reduces the deformation history to a single 
kinematically partitioned phase of dextral transtension during the late 
Carboniferous-early Permian.  Our findings have profound implications 
for the interpretation of inversion structures in any rift basin where the 
direction of extension may be significantly oblique to the basin 
margins. 
 
THE LAC-BROMPTON OPHIOLITIC COMPLEX:  
STRATIGRAPHY, STRUCTURE AND Cu-Ni 
MINERALIZATION POTENTIAL, SOUTHERN QUÉBEC 
APPALACHIANS, CANADA  

DE SOUZA, S., de_souza.stephane@courrier.uqam.ca, 
DAOUST, C., TREMBLAY, A. and GAUTHIER, M., Université 
du Québec à Montréal, 201 Président-Kennedy, Montréal, Box 
8888, QC, H3C 3P8 

The Southern Québec ophiolites consist of different segments of Lower 
Paleozoic oceanic crust and mantle obducted onto the Laurentian 
margin during the Taconian orogeny.  Three main ophiolitic bodies are 
presently recognized, the Thetford-Mines, Asbestos and Mont-Orford 
ophiolitic complexes.  NE of the Mont-Orford Complex, there is a large 
massif of undivided peridotite and serpentinite currently interpreted as 
a chaotic ophiolitic unit, the Lac-Monjoie ophiolitic mélange.  Detailed 
mapping of ultramafic rocks and adjacent rock units of the area rather 
indicates that it represents a dismembered but well-preserved ophiolite 
that we introduce here as the Lac-Brompton ophiolitic Complex 
(LBOC).  From base to top, the LBOC is made up of mantle rocks 
(mainly harzburgites) overlain by a heterogeneous, and laterally 
discontinuous crustal sequence consisting of ultramafic cumulates(?), 
gabbros and basaltic volcanic rocks.  Towards the base of the mantle 
sequence, there is a discontinuous horizon of greenschist- to 
amphibolite(?)-grade metamorphic rocks that may represent a 
metamorphic sole.  The LBOC is stratigraphically overlain by debris 
flows, conglomerates and medium- to fine-grained siliclastic rocks 
(included in the St-Daniel Mélange) that mark a major erosional 
unconformity.  The LBOC is characterized by, at least, two generations 
of regional folding and faulting accounts for the high level of 
stratigraphic complexities and explains why it has been interpreted as a 
diapiric ophiolitic mélange. 
The recognition of the LBOC implies that it’s chromite-rich and Cu-Ni 
occurrences have to be re-examined within the established stratigraphy 
of the ophiolite.  The Brompton Copper deposit, a Cu-Zn-Ni 
mineralization that presents many similarities with the Outokumpu type 
of deposit, has been extensively explored during the mid-70’s and will 
be re-examined during this study.  The deposit is located at the 
interface between the ultramafic ophiolitic rocks and the supracrustal 
sequence (mafic volcanics, tuffs and conglomerates).  One peculiar 
sedimentary facies overlying the ophiolitic rocks consists of a 
serpentinized ultramafic breccia (ultramafic clasts and matrix).  This 
unit and adjacent ophiolitic rocks host the Brompton Copper deposit. 
The established stratigraphy of the LBOC modifies the previous 
interpretation of these rocks as part of an ophiolitic mélange.  New data 
for the Brompton Copper deposit show that it is intimately related to 
complexly faulted and folded ophiolitic and supracrustal rocks, where 
multiphase(?) hydrothermal flow is related to sulphide mineralization. 
 

‘HELMSTAEDTIAN’ CRATONS AND GREENSTONE BELTS  
DE WIT, M.J., University of Cape Town, Rondebosch, 7701 
South Africa, maarten@cigces.uct.ac.za 

Herwart (Herb) Helmstaedt has long championed that bits of ancient 
oceanic lithosphere make up significant components of the top and 
bottom of Archean Cratons.  Some cratons reveal shallow dipping 
seismic reflectors both above and below the Moho that implicate 
craton-wide ‘shingling’ tectonics.  Thus, a model of ‘stacked’ 
lithospheric mantle below cratons remains a robust Helmstaedtian 
solution that has gained much support also from mantle geochemistry.  
Less well accepted is Helmstaedt’s claim, some 20-odd years ago, that 
similar rocks might be sporadically preserved within greenstone belts 
on top of the cratons.  Doubts persist because rocks assemblages in 
Archean greenstone belts sequences are often believed to be 
autochtonous and seldom exhibit sufficient features to warrant 
classification as Phanerozoic ophiolites.  However, most greenstone 
belts contain large volumes of tholeiitic pillow basalts.  Comparable 
volumes on the contemporary Earth are confined to its oceans and their 
arcs, plateaus and islands.  The world would have had to be 
astonishingly different in the Archean for such prolific accumulation of 
pillow lavas to have formed only on continents.  Some 13 possible 
ophiolite-like sequences have been reported now from Archean 
greenstone belts around the world.  Restored crustal sections of two 
such Archean ophiolites are relatively thin, in violation of simple 
thermal models that predict much thicker oceanic crust on an Archean 
Earth with higher mantle temperatures, perhaps as thick (and hot) as 
below Iceland (~25 km). Yet spreading across Iceland is slow in 
contrast to the predicted fast spreading rates in Archean oceans.  It is 
not clear from modern oceanic environments what sort of crustal 
structure might evolve from voluminous magmatism at very fast 
spreading rates and/or lower viscosities perhaps due to possible higher 
water content of Archean upper mantle.  So the structure of Archean 
oceanic crust remains elusive.  Archean ophiolites may be rarely 
recognized for what they are because they do not necessarily fit a 
standard definition, or an expected model.  Features specific to mafic-
ultramafic sequences of Archean greenstone belts could help resolve 
this, and should be explored better to test and challenge theoretical 
models that imply Archean oceanic crust is not preserved in greenstone 
belts.  Since at least 80% of known Archean greenstone belts have not 
been studied in sufficient details to partake in the discussions, it is back 
to field-work we should go.  Herb Helmstaedt would approve of that. 
 
THE GREAT NEOPROTEROZOIC CENTRAL SAHARAN ARC 
AND THE AMALGAMATION OF THE NORTH AFRICAN 
SHIELD  

DE WIT, M.J., University of Cape Town, Rondebosch, 
7701,South Africa, maarten@cigces.uct.ac.za, BOWRING, S., 
DUDAS, F., EAPS, MIT, Cambridge, MA, USA, and KAMGA, 
G., De Beers Africa Exploration, Centurion, South Africa 

In the early 1960s, W.Q. Kennedy suggested that the crust of Saharan 
Africa is different from the rest of Africa, but to-date most geoscientists 
remain divided about the geologic evolution of North Africa because 
across large sectors of the Sahara, the age and composition of its 
crystalline basement are unknown.  Most of Africa comprises Archean 
Cratons embedded in Meso-to-Paleo-proterozoic continental crust that 
together make up relatively stable shields older than 1.0 Ga.  By 
contrast, central Saharan Africa (5.3×106 km2), an area just over half of 
Europe, is a Neoproterozoic shield constructed either of much younger 
Neoproterozoic crust (0.54-1.0 Ga), or an older shield that was 
rejuvinated and re-stabilised during that time, a period generally 
referred to as “Pan African”.  Here we show that remote areas in Tchad, 
part of the undated Darfur Plateau stretching across 0.75 million km2 of 
the central Sahara, comprise Neoproterozoic calc-alkaline granitoids 
that intruded during two distinct magmatic periods (~900 and ~600 
Ma), and that their magmas were predominantly derived from 
continental lithosphere dating between 1.0-3.0 Ga.  The Central Sahara 
is thus underlain by composite continental crust with remnants of 
Mesoproterozoic-Archean basement intruded by a Neoproterozoic 
continental magmatic arc that can be traced some 2400 km from Tibesti 
though western Darfur and Cameroon that we term the Great Central 
Saharan Arc, and from there into Brazil where it flanks the northern 
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and western margins of the Sao Fransisco Craton.  Thus, this 
Neoproterozoic continental arc, intermittently active for nearly 300 
million years, stretched for a total length of about 5000 km, and is thus 
comparable to that of the Andes.  Intense deformation around 610-620 
Ma heralds the shutdown of this arc and the onset of granite intrusions 
across much of Saharan Africa that lasted until about 550 Ma.  
Concomitantly, the region underwent exhumation to a depth of 8-12 km 
forming a regional peneplain across which early Paleozoic siliciclastic 
sediments were deposited across much of this North African Shield.  
Thus the entire Neoproterozoic Shield of North Africa (1.3×107 km2, or 
about half the size of North America) amalgamated and stablilized 
between 0.55-0.9 Ga in a peripheral orogen at rates that near balanced 
its upper crustal erosion rates (<0.6 and ~0.4 km3/a-1, respectively). 
 
LIFE ON THE EDGE:  OFFSHORE EASTERN CANADA AND 
THE OPENING OF THE NORTH ATLANTIC  

DEHLER, S.A., FENSOME, R.A., WIELENS, J.B.W. and 
WILLIAMS, G.L., Natural Resources Canada, Geological Survey 
of Canada (Atlantic), PO Box 1006, Dartmouth, NS, B2Y 4A2 

Offshore eastern Canada is vast, even by Canadian standards.  
Stretching about 8000 kilometres from Georges Bank north to Baffin 
Bay, it is a classic example of a passive continental rift margin that 
today forms the western margin of the North Atlantic Ocean.  The 
North Atlantic began to form about 200 million years ago, as the 
northern part of Pangea was rent by fissures that grew into major rift 
valleys such as the Fundy Basin.  The spreading centre of the Ocean 
developed to the south and east of Nova Scotia, with the Scotian Basin 
to the west and the Moroccan Essaouira Basin to the east.  Northeast of 
the Scotian Basin, the opening of this new ocean was halted at 
Newfoundland Transform Fault, which delayed rifting and drifting of 
the Grand Banks from the Iberian Peninsula until the early Cretaceous.  
North and northeast of the fault, basin evolution was very different to 
that of the Scotian Basin during most of the Jurassic and early 
Cretaceous.  Also exerting a controlling influence is the change in 
structural grain direction from northeast in the Scotian Basin to 
northwest in the Labrador Sea. 
Rifting in the Labrador Sea probably started in the latest Jurassic-
earliest Cretaceous and in Baffin Bay in the early Cretaceous.  Drifting 
seems to have taken place only in the early Paleogene.  Volcanicity 
along the margin is closely related to the rift-drift history.  For example 
in the south, the North Mountain Basalt that rings the Fundy Basin has 
been dated as ca 200 Ma, at the time that Pangea was splitting up.  In 
the Fundy Basin, sedimentary rocks just above the basalt contain the 
oldest dinosaur bones found in Canada and provide a priceless record 
of the early days of these reptiles and other vertebrates. 
In past decades, the natural resources of offshore eastern Canada were 
primarily the fisheries.  But oil and natural gas exploration is now 
extremely important, resulting in two producing oil fields on the Grand 
Banks and natural gas fields on the Scotian Shelf.  As a frontier region 
where very few wells have been drilled, offshore eastern Canada is one 
of the six primary areas for hydrocarbon exploration in North America.  
Who knows what the future may hold. 
 
RESOLUTION OF SHALLOW SUBSURFACE 
STRATIGRAPHY IN SILURIAN DOLOSTONES, BRUCE 
PENINSULA, SOUTHERN ONTARIO:  INSIGHTS FROM 
GROUND-PENETRATING RADAR  

DEKEYSER, L., ENDRES, A.L., CONIGLIO, M., Department 
of Earth Sciences, University of Waterloo, Waterloo, ON, N2L 
3G1, ARMSTRONG, D.K., BRUNTON, F.R., Sedimentary 
Geoscience Section, Ontario Geological Survey, 933 Ramsey 
Lake Road, Sudbury, ON, P3E 6B5, and TETREAULT, D., 
Department of Earth Sciences, University of Windsor, Windsor, 
ON, N9B 3P4 

Building stone quarries on the Bruce Peninsula provide an excellent 
opportunity to test ground-penetrating radar (GPR) technology on 
known and well-exposed carbonate stratigraphy.  The purpose of this 
field study was to provide better three-dimensional control and to test 
the predictive capabilities of GPR to help delineate building stone 
resources (i.e. lateral continuity and thicknesses of key building stone 

units) and identify potential detrimental features such as karst-enhanced 
joints and cavities.  Two quarries on the Bruce Peninsula were the 
focus of this study: Owen Sound Ledgerock Limited’s Wiarton Quarry 
and Arriscraft International Inc.’s Adair Quarry.  The Wiarton Quarry 
exposes approximately 8 m of thin- to thick-bedded lagoonal 
dolostones of the Eramosa Member (Amabel Formation), whereas the 
Adair Quarry exposes approximately 8 m of thick massive beds of 
crinoidal shoal dolostones of the Wiarton/Colpoy Bay Member 
(Amabel Formation).  Quarry faces were measured and described in 
detail in both the Adair and Wiarton quarries.  Stratigraphic logs were 
then compared to both high and low-resolution GPR survey lines 
oriented both parallel and perpendicular to the measured sections. 
GPR surveys were conducted at both quarries in July 2002 and again at 
the Wiarton Quarry in July 2004.  At the Wiarton Quarry, intersecting 
survey lines were conducted at two of four survey locations to predict 
lateral bed geometry changes and to resolve the internal architecture of 
potential reef mounds.  The survey integrated PulseEKKO 100 and 
PulseEKKO 1000 systems using various frequencies to image the 
subsurface stratigraphy to varying depths of penetration and resolution 
scales.  Depths of penetration were exceptional at this site, achieving 
2.5 – 3.0 m depth using the 900 MHz antennae and up to approximately 
30 m depth for the 50 MHz antennae.  Preliminary analysis of the data 
indicates an average velocity of 0.98 m/ns.  Internal architectural 
elements of the various carbonate units are discernible from the 
reflection configuration on the radar images.  Depth of penetration was 
also exceptional at the Adair Quarry, where a shallow network of 
karstic cavities was imaged by the GPR survey.  Laterally continuous 
images, in conjunction with outcrop and core observations and 
photographs, allowed detailed correlation between geological features 
and radar events.  Results show that GPR technology has the potential 
to be used as a predictive tool for development planning in building 
stone quarry operations, and may possibly assist in calculating reserve 
estimates. 
 
PALEOMAGNETIC, GEOCHEMICAL AND U-Pb 
GEOCHRONOLOGICAL STUDY OF PROTEROZOIC DYKES 
IN GREENLAND AND ARCTIC CANADA, AND THEIR ROLE 
IN PLATE TECTONIC RECONSTRUCTION  

DENYSZYN, S.W., HALLS, H.C. and DAVIS, D.W., 
Department of Geology, University of Toronto, Toronto ON, 
M5S 3B1, steve.denyszyn@utoronto.ca 

The presence of a major sinistral fault along the Nares Strait between 
Greenland and the Canadian Arctic archipelago has been the subject of 
controvery since Wegener proposed its existence in 1915 to permit the 
separation of Greenland from Labrador, which requires approximately 
200 km of left-lateral offset.  The “Nares Strait Problem” arises 
because while marine magnetic anomalies in the Labrador Sea indicate 
the sinistral displacement of about 200 km, observations of Paleozoic 
sedimentary rocks across the Nares Strait permit movement of no more 
than about 70 km.  In the Thule area of northwest Greenland is found a 
major E/W-trending, ca. 700 Ma dyke swarm that does not appear to 
have a westward continuation along strike across the Nares Strait into 
central Ellesmere Island.  There is, however, a possible offset 
continuation of the swarm in southeast Ellesmere Island and east 
Devon Island.  A positive correlation of these two sets of dykes would 
provide compelling evidence for the 200 km sinistral offset required by 
plate tectonic reconstructions.  Paleomagnetic, geochemical and U-Pb 
geochronological analyses are used to test this correlation. 
To date, paleomagnetic results from twelve dykes and two sills in 
Greenland include four reversed-polarity dykes and indicate a stable 
shallow, northwesterly-directed remanence using either AF or thermal 
demagnetization.  A more westerly shallow remanence direction is 
obtained from eleven dykes from Devon and Ellesmere Islands, which 
also include two reverse-polarity dykes.  A baked-contact test of an 
Ellesmere Island dyke is positive, indicating that the measured 
magnetization is primary.  The samples from Greenland and Canada are 
very similar in terms of both major/minor-element and rare earth 
element geochemical analyses carried out at the University of Toronto.  
Petrographic observations of the two dyke swarms are virtually 
identical, with variations only in the degree of alteration.  High-
precision U-Pb geochronological results have been obtained from 
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baddeleyite and indicate an age of 720 ± 2 Ma for the E/W-trending 
dykes of the swarm in Canada.  N/S-trending dykes in Canada have 
been dated to 716 ± 1 Ma, though no N/S-trending dykes are found in 
Greenland.  This difference may be an indication of the regional 
deviatoric stress field changing as a result of emplacement of the E/W-
trending dykes to allow the emplacement of the N/S-trending dykes.  
The intrusions on both sides, therefore, are proven to be part of the 
same igneous episode, and the paleomagnetic data supports, but as yet 
does not conclusively prove, the offset. 
 
STABLE (O, C, S) AND Pb ISOTOPE GEOCHEMISTRY OF 
THE DÔME DE LEMIEUX POLYMETALLIC AND SAINTE-
MARGUERITE GOLD PALEOZOIC EPITHERMAL 
DEPOSITS, GASPÉ PENINSULA, QUÉBEC, CANADA  

D'HULST, A., alan.dhulst.1@ulaval.ca, BEAUDOIN, G., 
Université Laval, Québec, QC, G1K 7P4, and MALO, M., INRS-
ETE, 490 rue de la Couronne, Québec, QC, G1K 9A9 

Devonian rocks of the Gaspé Peninsula contain several deposits with 
features typical of epithermal mineralization.  The Dôme de Lemieux is 
a circular anticlinal structure of Devonian sedimentary and volcanic 
rocks cut by several faults.  Mineralization is undeformed and 
unmetamorphosed.  The Sainte-Marguerite deposit is hosted by 
Devonian intermediate volcanic rocks interlayered with mudstone and 
tuff along the Acadian Sainte-Florence fault.  Mineralization is 
deformed and metamorphosed at the greenschists facies. 
The southern Dôme de Lemieux comprises over 13 veins with 
sphalerite and galena ± pyrite, chalcopyrite and hematite.  The veins are 
cemented by crustiform quartz with dolomite and/or calcite.  Calcite in 
several veins exhibits bladed texture typical of epithermal 
mineralization.  The Sainte-Marguerite deposit comprises quartz veins 
with calcite or ankerite, and pyrite, arsenopyrite, sphalerite, galena and 
chalcopyrite.  Electrum occurs in pyrite cracks or as inclusions in pyrite 
or arsenopyrite.  The veins are surrounded by carbonatization and 
sericitization alteration haloes within metric, pervasively silicified 
zones. 
*18O values for quartz range from 6.9 to 12.1 ‰ at the Dôme de 
Lemieux indicating a hydrothermal fluid with a *18O of -2 to 3 ‰ at a 
temperature of 250°C.  This composition indicates a significant 
component of superficial marine or meteoric water.  *18O values for 
quartz in the Sainte-Marguerite deposit range from 17.2 to 18.7 ‰ 
suggesting that the fluid exchanged O with sedimentary rocks.  Similar 
*13C values for calcite, dolomite and ankerite at the Dôme de Lemieux 
(-5.5 to -1.5 ‰) and at Sainte-Marguerite (-5 to 0.5 ‰) indicate that the 
fluid C composition was dominated by inorganic carbon in both 
deposits.  *34S values for pyrite, sphalerite, galena and chalcopyrite at 
the Dôme de Lemieux range from -4.5 to 5.1 ‰ suggesting a source 
dominated by magmatic sulfur with perhaps a component of light 
sedimentary sulphur.  At 250°C, the fluid H2S would have a *34S 
ranging from -3 to 6‰.  At Sainte-Marguerite, the *34S values for 
pyrite, arsenopyrite, sphalerite and galena range from 3.5 to 9.5 ‰ 
suggesting a significant component of sea-water Devonian sulphate 
perhaps reduced by thermochemical reduction during water-rock 
exchange (Devonian sulphate *34S = 17-25‰). 
Galena Pb isotope composition at the Dôme de Lemieux (average: 
206Pb/204Pb=18.020; 207Pb/204Pb=15.557; 208Pb/204Pb=37.855) have 
slightly lower 206Pb/204Pb and higher 207Pb/204Pb and 208Pb/204Pb than at 
the Sainte-Marguerite deposit (average: 206Pb/204Pb=18.028; 
207Pb/204Pb=15.553; 208Pb/204Pb=37.822).  Both deposits cluster close to 
galena composition of other Zn-Pb-Au deposits in the Gaspé Peninsula.  
These compositions suggest that lead was leached from the local upper 
crustal country rocks. 
 
PETROLEUM SYSTEMS IN THE CARBONIFEROUS 
MAGDALEN BASIN, GULF OF ST. LAWRENCE, EASTERN 
CANADA  

DIETRICH, J.R., Geological Survey of Canada, 3303 33rd St. NW 
Calgary, AB, T2L 2A7, jdietric@nrcan.gc.ca, and GILES, P.S., 
Geological Survey of Canada, 1 Challenger Drive, P.O. Box 
1006, Dartmouth, NS, B2Y 4A2 

The Carboniferous Magdalen Basin underlies the Gulf of St. Lawrence 
and Prince Edward Island, encompassing an area of about 100,000 km2.  
The basin is part of the broader Maritimes Basin that incorporates 
several late Paleozoic (post-Acadian orogeny) successor basins in 
Atlantic Canada.  The Magdalen Basin contains up to 12 kilometres of 
upper Paleozoic continental and shallow marine strata, deposited in 
four main tectono-stratigraphic packages: a latest Devonian to 
Tournaisian succession of clastic and volcanic rocks in deep fault-
bounded subbasins (Horton Group) - a widespread middle 
Carboniferous (Visean to Namurian) succession of carbonates, 
evaporites and clastics (Windsor and Mabou groups) - a late Namurian 
to early Westphalian clastic succession in local fault-bounded 
subbasins (Cumberland Group) - and a thick, basin-wide succession of 
upper Carboniferous to early Permian clastics (Pictou Group).  Basin 
structures are associated with rift faulting and inversion structures, and 
salt tectonics. 
The Magdalen Basin contains the key petroleum-system elements for a 
substantial natural gas resource potential, including widespread 
fluviatile sandstone reservoirs, thick mudrock and salt sections (seals), 
massive volumes of thermally mature Westphalian coal measures (gas-
prone source rocks), and abundant and diverse trap types.  Only nine 
wells have been drilled in the vast offshore portion of the basin.  Gas 
shows were encountered in most wells and one small gas field was 
discovered in a salt-cored anticline (East Point).  The main geological 
risks to offshore petroleum potential are associated with reservoir 
quality (low porosity and permeability) in deeper parts of the basin and, 
to a lesser extent, trap preservation.  Although an obvious exploration 
risk, reservoir characteristics of Carboniferous sandstones in the 
Magdalen Basin are similar to Permian and Carboniferous strata in 
producing gas fields in the U.S. mid-continent and southern North Sea 
regions.  The Magdalen Basin may have enormous potential for 
unconventional gas resources, including coal bed methane, tight gas, 
and basin-centre gas. 
 
OFFSHORE PALEOZOIC BEDROCK GEOLOGY IN THE ST. 
LAWRENCE RIVER ESTUARY AND NORTHERN GULF OF 
ST. LAWRENCE, EASTERN CANADA  

DIETRICH, J.R., Geological Survey of Canada, 3303-33 St. NW, 
Calgary, AB, T2L 2A7, jdietric@nrcan.gc.ca, GRANT, A.C., 
Geological Survey of Canada, 1 Challenger Drive, PO Box 1006, 
Dartmouth, NS, B2Y 4A2, and OKULITCH, A.V., Geological 
Survey of Canada, 101-605 Robson St., Vancouver, BC, V6B 5J3 

Studies of high resolution and multifold marine seismic reflection data 
are providing new information on offshore bedrock geology in the 
Paleozoic Anticosti and northern Magdalen basins.  The major offshore 
structural trend mapped in this region is a curvilinear belt of 
contractional structures (anticlines, synclines and thrust faults) in lower 
Paleozoic srata in the St. Lawrence River Estuary, parallel to the 
northern coastline of Gaspé Peninsula.  This submarine fold-belt is part 
of the external Humber Zone of the Appalachian Orogen, with the 
northern fold-belt edge marking the offshore Appalachian srtuctural 
front.  The fold-belt is up to 50 km wide between Gaspe and Anticosti 
Island.  Structures in the outer part of the fold-belt encompass Silurian 
strata, indicating probable Acadian (Devonian) deformation. 
Most of the fold-belt structures terminate along-strike to the east, 
offshore of the northeastern end of Gaspé Peninsula.  North and east of 
the fold-belt margin undeformed Silurian and Ordovician strata dip 
gently basinward (southward) with progressively younger units 
forming the bedrock surface toward the south.  Lower Silurian platform 
carbonates that form bedrock in Anticosti Island dip offshore beneath a 
southward thickening wedge of (?)upper Silurian clastic strata.  
Approximately 80 km south of Anticosti Island, folds and thrust faults 
occur in this lower Paleozoic section, delineating the Appalachian 
structural front in the north-central Gulf of St. Lawrence.  The northern 
erosional edge of the Carboniferous Magdalen Basin occurs along an 
east-west trend, from eastern Gaspé across the northern Gulf of St. 
Lawrence.  There is no seismic-data evidence of Carboniferous strata in 
the St. Lawrence River Estuary area. 
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LOBE AND BRECCIA FACIES RHYOLITE AND 
INTERMEDIATE VOLCANIC ROCKS OF THE TIMMINS 
AREA, ONTARIO, ABITIBI GREENSTONE BELT:  A 
PREVIOUSLY UNRECOGNIZED FACIES  

DINEL, E., MICHEL-SAUMUR, B. and FOWLER, A.D., 
Department of Earth Sciences and Ottawa - Carleton Geoscience 
Centre, 140 Louis Pasteur, Ottawa, ON, K1N 6N5, 
edine180@science.uottawa.ca 

Detailed mapping of a number of localities in the Tisdale, Munro and 
Harker Townships of the Abitibi Subprovince of Ontario has resulted in 
the discovery of lithofacies previously unrecognized in the areas’ 
intermediate and felsic tholeiitic volcanic rocks.  For instance, the 
V10b is a distinctive lobe and breccia volcanic unit within the Vipond 
Formation of the Tisdale Assemblage in the Timmins area.  Locally, it 
is mineralized with gold and has an unusual fragmented appearance 
termed “chicken feed” or “broken varioles”.  The unit is characterized 
by lobate, variolitic, brecciated , and flow-banding textures and 
elevated concentrations of Ti, Zr, Y, REE and Fe, and low Cr 
concentrations, in comparison to metabasalts of adjacent units.  We 
have examined numerous outcrops, and mapped in detail, a series of 
small outcrops at the Fire Tower Hill in southeast Timmins.  The lobes, 
which have in the past been confused with pillows, have contorted and 
amoeboid shapes, flow banding, and an abundance of clastic material.  
The lobes are meter scale and have a crude zonation, their extremities 
are composed of mm to cm-scale blocky angular clasts whereas their 
interiors are dominantly variolitic (plagioclase spherulites) and clastic 
material.  At the microscopic scale the rocks are aphyric and consist of 
angular flow-banded chloritized clasts of altered glass, spherulites plus 
interstitial carbonate.  The REE spectra of the rocks are roughly 50* 
chondrites, relatively flat with small negative Eu anomalies typical of 
intermediate tholeiitic rocks of the area.  We interpret the rocks to have 
formed through the flow and autoclastic brecciation of relatively 
viscous intermediate composition lava.  Similar facies are found within 
tholeiitic rhyolites of Munro Township.  These rocks have sinuous 
outcrop patterns on the km-scale and we interpret them to be coulées. 
In Tisdale, Munro and Harker Townships intermediate and rhyolitic 
autoclastic facies rocks of tholeiitic suites are associated with gold 
mineralization.  We believe that they make ideal host rocks because 
they were porous and permeable, have elevated Fe/Mg ratios, and were 
reactive due to their glassy nature and large surface areas.  We alert 
others to the fact that these spherulitic (variolitic), lobate intermediate 
and rhyolitic rocks, once altered and deformed, particularly in the mine 
environment, may easily be mistaken for the variolitic pillow basalts so 
prevalent in the area. 
 
PRELIMINARY FINDINGS ON THE EFFECTS OF FOREST 
HARVESTING ON STORED SOIL ORGANIC CARBON AND 
ITS DECOMPOSITION POTENTIAL IN A TEMPERATE 
CONIFEROUS FOREST, NOVA SCOTIA, CANADA  

DIOCHON, A.C., adiochon@stfx.ca, KELLMAN, L. and 
BELTRAMI, H., Environmental Sciences Research Center, St. 
Francis Xavier University, Antigonish, NS, B2G 2W5 

In the short term (<15 years), tree harvesting is known to increase 
greenhouse gas emissions to the atmosphere thereby decreasing stores 
of soil organic carbon (SOC), however, in the longer term (>15 years) 
the effects of forest harvesting on SOC storage and its potential for 
decomposition are poorly understood.  Clear cutting in a coniferous 
forest is thought to increase stores of SOC, whole tree harvesting is 
believed to decrease stores of SOC but currently there is no clear 
evidence as to whether harvesting affects the decomposability 
(decomposition potential) of stores of SOC. 
Using a comparative approach, we are examining the effects of forest 
management on stores of soil organic carbon in a red spruce (Picea 
rubens Sarg.) forest chronosequence located in southeastern Nova 
Scotia, Canada.  The sites under study represent important 
developmental stages in forest succession in the Acadian forest region, 
their land use history is well documented and they are within close 
proximity (< 10 km) to minimize confounding factors, such as climate.  
We are quantifying SOC stores across the chronosequence, the 
distribution of SOC among density fractions in the top 70 cm of the 

mineral soil and the mineralization rates of SOC among density 
fractions with depth using incubation experiments.  At 10 m intervals at 
each site, thirty soil pits have been hand excavated and soil samples 
collected from several depths intervals (0-5 cm, 5-10 cm, 10-15 cm, 15-
20 cm, 20-35 cm, 35-50 cm, 50-70 cm).  Samples are being analyzed 
for organic carbon content using an elemental analyzer coupled to an 
isotopic ratio mass spectrometer.  We are isolating and quantifying 
organic carbon in three density fractions (free,intra-aggregate, mineral) 
of soil organic matter for each soil pit and for each depth interval.  
Density fractions are being incubated at two temperatures and 
moistures using a factorial design.  This paper will summarize our 
findings to date and the future direction of this work. 
 
GEOHAZARD EDUCATION:  LESSONS FROM THE INDIAN 
OCEAN TSUNAMI OF DECEMBER 26, 2004  

DONALDSON, J.A., Friends of Canadian Geoheritage, c/o 
Department of Earth Sciences, Carleton University, Ottawa, ON, 
K1S 5B6, donaldson6427@rogers.com 

A 1978 Newsletter issued by the International Tsunami Information 
Center outlined ways to involve members of the scientific community, 
warning co-ordinators, and the general public in hazard mitigation.  
Twenty-six years later, little appears to have been done to activate these 
proposals for countries other than those around the Pacific Ocean.  This 
observation is starkly backed up by results of the tsunami of December 
26, 2004: >150,000 deaths and enormous destruction. 
Since this tsunami struck, considerable rhetoric has focused on the need 
for sophisticated submarine sensors and tide gauges, such as those in 
place for the Pacific.  Such devices should certainly be the ultimate 
goal for all ocean basins, but much more important is education, backed 
by foolproof protocols for issuance of tsunami warnings.  In response 
to a deepwater submarine earthquake of Magnitude >7.0, warnings 
should be issued immediately to all shorelines within the range of a 
potential tsunami.  Pressure sensors and tide gauges obviously serve to 
refine information about ensuing tsunamis, but precious time is lost in 
analysis.  If local populations occupying threatened areas have been 
provided with advance education about the danger of tsunamis, then 
straightforward notice (radio, TV, telephone networks, loudspeakers) 
that a destructive surge MIGHT soon strike within X minutes/hours 
should be sufficient to induce them to rapidly move to higher ground.  
Similarly, tourists so alerted would realize that a visit to the rainforests 
would be a wiser choice than the beaches. 
Grassroots education through schooling, local meetings, and single-
page handouts is essential.  Due largely to pressure from the tourist 
industry to avoid frightening potential visitors, little such action has so 
far been taken in countries around the Indian Ocean.  This fear-factor 
argument is nonsense.  Hawaii has an active volcano, endures 
landslides/local flooding, and has been struck by numerous tsunamis 
that caused devastation and death.  Although abundant information 
about these hazards is provided, including museum displays, tourists 
happily flock to watch and learn about the natural wonders in Hawaii, 
as they do for many dangerous sites elsewhere around the world. 
Examples of the irrefutable value of geohazard education include 
instances of individuals who, having had geoscience training, 
recognized the significance of rapid withdrawal of the sea; because of 
their urgent advice to others to run uphill, more than 100 lives were 
saved.  Elsewhere, sadly, children ran to collect fish left as the sea 
rapidly withdrew -- just before the first surge of the tsunami arrived. 
 
SILICICLASTIC BIOFILM STRUCTURES AND 
STROMATOLITES:  CONDITIONS FOR PRESERVATION  

DONALDSON, J.A.1, donaldson6427@rogers.com, 
CHIARENZELLI, J.R.2 and ASPLER, L.B.1,  1 Carleton 
University, Ottawa, ON, K1S 5B6;  2 State University of New 
York, Potsdam, NY, 13676 

Domal stromatolites and wispy biofilm structures are remarkably well 
preserved in Cambro-Ordovician quartz arenites of the Nepean 
Formation in several outcrops immediately east of the intersection of 
Terry Fox Drive and the Queensway, a major traffic artery (Highway 
417) that passes through Ottawa.  Since recognition of the biogenic 
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origin of these siliciclastic occurrences in 2000, we have found many 
additional (but less spectacular) occurrences elsewhere in the Nepean 
(and equivalent Potsdam) of Ontario and northern New York State.  In 
that such structures occur in road cuts, some of which are recorded as 
stops in field guidebooks, the question arises as to why the true nature 
of such structures failed to be recognized.  We contend that many such 
occurrences must have been previously observed by geologists, but 
biogenicity was not recognized primarily because these structures were 
observed only in transverse sections that provide only two-dimensional 
views.  Such sections readily allow attribution to alternative origins, 
such as dewatering.  A factor that may have significantly influenced 
non-recognition of biogenicity is the widely prevailing view that 
stromatolites are to be expected only in carbonate strata.  Yet another 
factor is the lower preservation potential for biomat structures in 
arenaceous siliciclastics, in which micro-undulations of original mats 
may be readily lost as a result of compaction in conjunction with rapid 
organic degradation. 
Following from these propositions, many siliciclastic stromatolites and 
biofilm structures undoubtedly remain unrecognized in the rock record.  
Since stromatolites and biofilm structures constitute the only direct 
records of life for most of Precambrian time, and because biofilm 
scavengers and niche competitors appear not to have evolved until just 
before advent of the Phanerozoic, a second question arises:  If 
stromatolites and coeval biomat structures could have developed 
throughout a vast area during one instant in the early Phanerozoic, a 
time by which scavengers and niche competitors had evolved in 
abundance, should not identical structures be widely preserved in 
siliciclastic strata coeval with carbonate strata that contain a profusion 
of stromatolites -- as was the case during deposition of much of the 
Precambrian stratigraphic record that encompasses 90 per cent of 
geologic time?  We suggest that re-examination of numerous equivocal 
structures in the siliciclastic strata of all ages will lead to recognition of 
many more occurrences of siliciclastic stromatolites and biofilm 
structures. 
 
A PRACTICAL APPROACH TO APATITE AND ZIRCON 
FISSION-TRACK ANALYSIS USING LASER ABLATION ICP-
MS  

DONELICK, R.A.1, donelick@apatite.com, O'SULLIVAN, P.B.1, 
KETCHAM, R.A.2, KNAACK, C.3, DONELICK, M.B.1 and 
KIRSTEIN, L.4,  1 Apatite To Zircon, Inc., 1075 Matson Road, 
Viola, ID 83872-9709, USA;  2 School of Geosciences, University 
of Texas at Austin, Austin, TX, 78712-0254, USA;  3 Geology 
Department, Washington State University, Pullman, WA 99164-
2812 USA;  4 School of GeoSciences, University of Edinburgh, 
Edinburgh EH9 3JW Scotland 

The standard method of fission track age analyses utilizes the external 
detector method and a form of neutron activation to assess uranium 
concentration.  Laser ablation-inductively coupled plasma-mass 
spectrometry (LA-ICP-MS) has recently been proposed as an alternate 
method to determine uranium concentrations for fission track dating.  
This paper investigates LA-ICP-MS analyses of 238U/43Ca ratios for 
apatite dating and 238U/29Si ratios for zircon dating, using a modified 
zeta-calibration approach.  Effects of differing data collection, data 
filtering and curve fitting schemes are shown.  Pitfalls in data collection 
are readily apparent if background scans are conducted prior to every 
analysis.  The advantages of the current preferred method of fitting a 
third-order polynomial to determine of 238U/43Ca ratios for apatite 
dating and 238U/29Si ratios for zircon dating to calculate a relative zeta 
for a single session are presented.  Durango apatite is used as the age 
standard and as a standard for the 238U/43Ca ratio, with the fundamental 
assumption that Ca occurs in stoichiometric amounts in all apatite 
grains analyzed.  Fish Canyon Tuff is used as the age standard for 
zircon, and it and the USNIST glass SRM612 are used as standards of 
the 238U/29Si ratio in zircon, again with the assumption of stoichiometry 
of the Si cation in zircon.  This new LA-ICP-MS method of fission 
track dating results in as good or better quality data as the prior 
technique, and it is cost effective in both time and money as the 
previous method. 
 

THE STRUCTURAL GEOLOGY, KINEMATICS, AND TIMING 
OF DEFORMATION AT THE SUPERIOR CRATON MARGIN, 
GULL RAPIDS, MANITOBA  

DOWNEY, M.W., mwdowney@uwaterloo.ca, LIN, S., 
Department of Earth Sciences, University of Waterloo, 200 
University Avenue West, Waterloo, ON, N2L 3G1, and BÖHM, 
C.O., Manitoba Industry, Economic Development and Mines, 
Manitoba Geological Survey, 360 – 1395 Ellice Avenue, 
Winnipeg, MB, R3G 3P2 

The Gull Rapids area, Manitoba, lies on the Superior craton margin and 
forms part of the Superior Boundary Zone (SBZ), a major collisional 
zone between the Archean Superior craton to the south and the adjacent 
Paleoproterozoic Trans-Hudson Orogen to the north.  There are five 
main rock assemblages at Gull Rapids: 1) basement granodiorite gneiss 
(zircon ages ca. 3165 and 2860 Ma), possibly related to the adjacent 
Split Lake Block (Pikwitonei Granulite Domain); 2) mafic 
metavolcanic rocks; 3) metasedimentary rocks (ca. 2700 Ma); 4) 
granitic sheet- and dike-like intrusions (2.65-2.70 Ga); and 5) mafic 
dikes (ca. 2.1 Ga).  A detailed structural analysis revealed at least five 
generations of ductile and brittle structures, termed G1 to G5.  Foliation, 
lineation, and fold development occurred during G1 to G3, whereas 
shearing is late and occurred during G4 and G5.  G4 shearing cuts all 
structures except mafic dikes, whereas G5 shearing cuts all structures 
and mafic dikes.  However, in most localities, mafic dikes are not 
present and it is difficult to distinguish G5 from G4.  Movement along 
these shear surfaces is mostly south-side-up, dextral or sinistral.  On a 
map scale, it would appear as though mafic dike emplacement was 
synchronous with large scale dextral transtensional G4 or G5 faulting. 
The relative timing of deformation at Gull Rapids is constrained by 
crosscutting relationships between structures and two felsic intrusive 
phases.  Dikes and sheets of the first phase are interpreted to have 
intruded late-syn-G1 to early-syn-G2, as they cut S1 yet are folded by F2; 
some material occurs in boudin necks formed at that time.  Dikes of the 
second phase are interpreted to be syn-G4/G5, because locally they are 
displaced as well as injected into the fault plane along its length.  Peak 
metamorphism at granulite grade is synchronous with G1, and 
retrograde metamorphism to amphibolite facies is post-G2, as 
retrograde amphiboles are undeformed by G1 or G2.  Shearing is 
synchronous with further retrogression from amphibolite to greenschist 
facies.  Three pegmatite samples were dated by SHRIMP to constrain 
the ages of deformation.  However, no conclusive results have been 
obtained so far due to zircon inheritance and/or lack of magmatic 
zircon.  The current interpretation is that late-syn-G1 or early-syn-G2 
dikes are 2686 ± 45Ma, and syn-G4/G5 dikes are 2571 ± 30Ma, with 
later zircon growth at 1830 Ma.  It is also possible that the dikes are 
Proterozoic in age and the Archean zircons are inherited. 
 
PRELIMINARY FACIES AND BASIN ANALYSIS OF THE 
NEPISIGUIT FALLS FORMATION, TETAGOUCHE GROUP, 
BATHURST MINING CAMP, NORTHERN NEW BRUNSWICK  

DOWNEY, W.S.1, warna.downey@unb.ca, MCCUTCHEON, 
S.R.2 and LENTZ, D.R.1,  1 University of New Brunswick, 
Fredericton, NB, E3B 5A3,  2 New Brunswick Department of 
Natural Resources, Geological Surveys Branch, P.O. Box 50, 
Bathurst, NB, E2A 3Z1 

The Middle Ordovician Nepisiguit Falls Formation consists of 
rhyodacitic to dacitic volcanic and volcaniclastic rocks with some 
interbedded sedimentary rocks.  It has been subdivided into two 
lithologically distinct facies in the Brunswick Belt; these are the Grand 
Falls and Little Falls members.  The Grand Falls member is 
characterized by coherent (massive), coarse-grained, quartz and 
feldspar crystal tuff and medium to coarse grained volcaniclastic 
(granular) rocks with quartz and feldspar phenoclasts.  The Little Falls 
member is characterized by fine to medium grained volcaniclastic 
rocks, commonly without quartz and feldspar phenoclasts.  The two 
facies are generally not mappable as separate units; furthermore, their 
relative proportions vary along strike in the Brunswick Belt. 
At the type section of the Grand Falls member, along the Nepisiguit 
River, there is a minor Little Falls member component near the top of 
the section, which is capped by a thin Mn-Fe unit that represents the 
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exhalative Brunswick Horizon.  Near Brunswick No. 12 a thick unit of 
massive, coarse-grained quartz and feldspar crystal tuff with angular 
shale fragments is overlain by iron formation that overlies and extends 
beyond the massive sulfide deposit.  This unit is interpreted as a water-
modified pyroclastic flow because of the presence of shale fragments 
and the lack of a crystalline matrix.  A similar unit is found in the 
footwall near the Brunswick No. 6 deposit, but here there is an 
extensive volcaniclastic unit, composed of granular, fine-to medium 
grained, quartz and feldspar tuff that overlies the vent proximal, 
massive coarse-grained quartz and feldspar phyric tuff. 
The northern and southern parts of the Brunswick Belt are mainly 
composed of Little Falls member rocks.  Petrographically these two 
segments are similar, but geochemical observations indicate that these 
areas formed in different settings.  The rocks in the northern part of the 
Brunswick Belt have a more evolved arc type signature (higher total 
REE values, HREE enriched) than the average Nepisiguit Falls 
Formation.  The rocks in the southern part have a similar composition 
as the average Nepisiguit Falls Formation.  This implies that they were 
likely formed via particles settling subsequent to eruption column 
collapse or via turbidite emplacement from products erupted in the 
central region of the Brunswick Belt. 
 
RESIDUAL SOIL NITROGEN ENVIRONMENTAL 
INDICATOR  

DRURY, C., Agriculture and Agri-Food Canada, 2528 Country 
Road 20, Harrow, ON, N0R 1G0, DruryC@agr.gc.ca, YANG, 
J.Y., DE JONG, R., HUFFMAN, E., KIRKWOOD, V. and 
YANG, X.M. 

Residual soil nitrogen (RSN) is the amount of nitrogen which remains 
in the soil at the end of the growing season after crops have been 
harvested.  The RSN indicator is calculated as the difference between 
all N inputs (fertilizer, manure, biological fixation, and atmospheric 
deposition) and all N outputs (N removed in crop harvest, N lost from 
ammonia volatilization and N lost from denitrification).  RSN was 
calculated on a Soil Landscapes of Canada polygon level as well as on 
provincial and national levels for each of the 5 census years from 1981 
to 2001. 
On average over the 5 census years, the majority of farmland in Canada 
(63%) was in the Very Low (24%) and Low (39%) RSN classes.  The 
Canadian average RSN value remained fairly stable from 1981 to 1996 
(16.1 to 18.1 kg N ha-1) and then increased by about 50% to 27.6 kg N 
ha-1 in 2001.  This dramatic increase was mainly due to (i) an increase 
in pulse crop acreage (i.e., increased natural biological N2 fixation) 
without a concurrent decrease in fertilizer input; and (ii) significantly 
lower crop yields and reduced N uptake as a result of climatic 
constraints (droughts) which were prevalent in many regions in Canada 
in 2001.  Average RSN values in 2001 were low (< 20 kg N ha-1) in 
Alberta and Saskatchewan, moderate (20 to 30 kg N ha-1) in British 
Columbia, Ontario, Quebec and Prince Edward Island, high (30 to 50 
kg N ha-1) in Manitoba, New Brunswick and Nova Scotia and very high 
(> 50 kg N ha-1) in Newfoundland. 
Polygons with High and Very High RSN (classes 4 and 5) should be 
examined in more detail to determine the probable cause.  Where high 
RSN levels exist, beneficial management practices should be employed 
to control or reduce the amount of RSN present in the soil at the end of 
the growing season.  Regular soil testing, reduction of fertilizer N 
application rate, improved estimates of N mineralization and 
synchronization with N demand by crops are examples of ways of 
increasing nitrogen use efficiency. 
 
BEDFORMS AND ASSOCIATED SAND TRANSPORT ON A 
BANNER BANK, SAINT JOHN, NB  

DUFFY, G., garret@omg.unb.ca, HUGHES-CLARKE, J., Ocean 
Mapping Group, Dept. of Geodesy and Geomatics Engineering, 
Univerity of New Brunswick, Fredericton, NB, E3B 5A3, and 
PARROTT, R., Geological Survey of Canada (Atlantic), 1 
Challenger Drive, P.O. Box 1006, Dartmouth, NS, B2Y 4A2, 
Canada 

Monthly repetitive multibeam surveying of the submarine sand dunes 
of Mispec Bay sand bank has revealed that there is a complex pattern of 
sediment transport across and around the sand bank.  Mispec Bay bank 
is the westernmost of a pair of banner banks associated with the 
headland Cape Spencer.  ADCP current observations made over the 
sand bank close to spring tides in 2002 and 2003 show that a peak 
depth averaged flooding current of 80 cm/s toward the headland 
remained reasonably uniform from offshore to inshore of the bank.  In 
contrast, the disturbing effect of the ebb tidal eddy caused peak ebbing 
currents flowing away from the headland to range from 110 cm/s 
offshore to 20 cm/s inshore of the sand bank.  On the flood tide, bottom 
shear stress over the sand bank is strong enough to induce movement of 
the bed causing migration of the bedforms, whilst on the ebb tide, 
competent currents flowing around the headland suddenly decelerate in 
the eddy causing accretion of sediment onto the sand bank. 
A new processing algorithm has allowed migration vectors to be 
extracted from the repeated surveys of the shifting asymmetric 
bedforms, which in turn allow estimation of tidally-averaged bedload 
transport rate.  In this way, the bedload sediment transport rate over the 
sand bank is estimated to be a reasonably uniform 30 kg/m/tide (2.6E-7 
m3/m/s).  The banner bank abruptly comes to an end at its tip close to 
Cape Spencer where bedforms are seen to be washed away by 
increasing bed shear stress, and increasing sediment transport rate, as 
they move into the bedload parting zone around the headland. 
In addition to remobilized sediment deposited in the ebb tidal eddy, 
migration vectors and spatial analysis of grain size, sorting and 
skewness have revealed that sand is also conveyed from the west by 
currents flowing towards the headland.  Sediment may be continuously 
exchanged between the pair of banner banks on alternate tides 
indicating that these banks should be considered as a sedimentary 
system rather than as being independent bodies.  Repetitive multibeam 
surveying in tandem with ADCP profiling has alluded to the existence 
of this important bank-maintenance process. 
 
YUKON AND MACKENZIE RIVER SYSTEMS:  GLACIALLY 
DIVERTED DRAINAGES RESULTING FROM THE FIRST 
CORDILLERAN GLACIATION AND THE LAST 
CONTINENTAL ICE SHEET  

DUK-RODKIN, A., Geological Survey of Canada, 3303-33rd St. 
NW Calgary, AB, T2L 2A7, adukrodk@nrcan.gc.ca, 
BARENDREGT, R.W., Faculty of Arts and Science, University 
of Lethbridge, Lethbridge, AB, T1K 3M4, and FROESE, D.G., 
Department of Earth and Atmospheric Sciences, University of 
Alberta, Edmonton, AB, T6G 2E3, Canada 

The modern landscape of NW Canada contains inherited features, some 
of which date back to upper Cretaceous.  Since late Cretaceous-early 
Tertiary, uplift of the mountains and subsequent cycles of erosion have 
formed extensive piedmonts extending eastward to the Canadian shield.  
In general, the northern Cordilleran drainage is structurally controlled.  
During most of the Tertiary, the northern Cordillera formed the 
headwater for drainage systems that reached three oceans: the Arctic 
(Peel-Anderson and Porcupine Rivers), Atlantic (Bell River system) 
and Pacific (Yukon River draining into the Gulf of Alaska). 
The arrival of ice sheets produced significant changes to the landscapes 
of N.W. Canada and east central Alaska.  The most important was the 
diversion of the Yukon River to the northwest into the Kwikhpak River 
in Alaska.  The first Cordilleran Ice Sheet (ca 2.7 Ma) blocked the 
Yukon River drainage, reversing its flow (from south to north and 
emptying instead into the Beaufort Sea).  Evidence for this is found in 
the paleo-terraces extending south out of the Ogilvie Mountains, whose 
gravels reveal a southerly flow and contain Ogilvie lithologies.  The 
Pliocene outwash terraces near Circle Alaska provide the earliest 
evidence of Ogilvie Mountain lithologies and thus indicate that 
sediment input into the Yukon Flats area dates to the Pliocene. 
The Late Pleistocene Laurentide Ice Sheet covered the Mackenzie 
region and changed the Cordilleran landscape dramatically by diverting 
the Porcupine River into its present location and by integrating the 
Mackenzie River to its present day location, ca 12 k BP.  This 
integration of drainage was established as a result of deglaciation, 
where most of the major tributaries of the Mackenzie River north of 
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65° latitude were incised as meltwater channels.  The paleo-Mackenzie 
River was the major northern tributary of the Bell River system which 
drained the Western Interior Plains to the Labrador Sea via Hudson 
Bay.  Evidence for this paleo-drainage is contained in the suite of 
terrestrial sediments in the Labrador Sea. 
After the demise of the continental ice sheet little remained of the 
original landscape of the northern Interior Plains and only a few 
remnants of alluvial deposits belonging to this preglacial drainage are 
found.  In the last three million years the transformation of the 
landscape by glaciers has reduced the number of drainage basins 
entering the three adjacent oceans, from five to two. 
 
LATE CRETACEOUS TO LATE PLEISTOCENE DRAINAGE 
EVOLUTION OF THE COBAR UPLAND, N.S.W., AUSTRALIA  

DUK-RODKIN, A., Geological Survey of Canada, 3303-33rd St. 
NW Calgary, AB, T2L 2A7, adukrodk@nrcan.gc.ca, MCQUEEN, 
K.G., Landscape Evolution and Mineral Exploration, School of 
Resource, Environmental and Heritage Sciences, University of 
Canberra, Australia, ACT 2601, and CHAN, R.A., CRC LEME, 
C/-AGSO Geoscience Australia, Minerals Divison, GPO Box 
378, Canberra ACT 2601 Australia 

The Cobar upland forms part of a major divide between the Lachlan 
and Darling River basins of western NSW.  It is bounded to the 
northwest by the Darling Fault and Crowl Creek Fault to the southwest.  
The area is underlain by the early Devonian Cobar Basin, comprised by 
a highly deformed marine turbidite succession.  Fluvial sediments were 
deposited on these older rocks in the Late Devonian.  Deformation 
resulted in major folding and faulting with structures trending mostly 
north-northwest and north-northeast.  Diagonal secondary faults 
developed between these major structures.  Geomorphic evidence 
indicates that reactivation of this Palaeozoic structural framework 
continued into the Cenozoic.  There is very little record of Devonian to 
Cretaceous sedimentation, suggesting major denudation stripping. 
During the Cretaceous the shallow marine Eromanga Basin formed to 
the north and northeast of Cobar upland.  This was followed in the 
latest Cretaceous to early Tertiary by development of the Murray Basin 
in the southwest.  Development of these major basins triggered cycles 
of denudation and drainage down-cutting.  Evolution of the Cobar 
landscape in the last 62 million years is marked by diversion of 
drainage caused by tectonic reactivation along Devonian structures.  
Volcanic plugs developed along the same structures from mid to late 
Tertiary.  Some of the associated basalt lavas covered Tertiary gravels 
and weathering profiles, providing a minimum estimated age for the 
deposits. 
The Cobar upland can be divided into two major regions defined by 
general migration of drainage to the south, in the eastern area, and 
migration to the north, in the western area.  The drainage evolution can 
be followed on a series of maps showing the reconstructed drainage by 
stages extending from Late Cretaceous to Pliocene.  Drainage 
migration in the eastern area is indicative of uplift from north to south 
while in the western area uplift has been from south to north.  The two 
blocks moved around a pivot point near the center of the Cobar Basin.  
Drainage captured by regressive erosion was also present at the 
headwaters of major diversions.  Drainage across the Cobar upland 
evolved from south-north in the Late Cretaceous to a progressively 
east-west trend in the Late Tertiary.  Further, it evolved from a high-
density drainage associated with wet climatic conditions, to a drainage 
characterized by sporadic or intermittent runoff, consistent with drier 
conditions. 
Understanding the drainage evolution has important economic 
implications for primary ore deposits and placer potential of gold and 
platinum group elements. 
 
SHALLOW FABRIC, STRAIN PARTITIONING, AND 
SUPERPOSED DEFORMATION IN DEEP CONTINENTAL 
CRUST:  IMPLICATIONS FOR LOWER CRUSTAL FLOW 
AND ASSEMBLY OF THE WESTERN CHURCHILL 
PROVINCE, SNOWBIRD TECTONIC ZONE, CANADA  

DUMOND, G.1, gdumond@geo.umass.edu, GONCALVES, P.2, 
WILLIAMS, M.L.1, MAHAN, K.H.1 and MCLEAN, N.3,  1 

Department of Geosciences, University of Massachusetts, 611 N. 
Pleasant St., Amherst, MA, 01003;  2 Département des 
Géosciences, Université de Franche-Comté, 16 route de Gray, 
25030 Besançon, France;  3 Department of Earth, Atmospheric, 
and Planetary Sciences, Massachusetts Institute of Technology, 
77 Massachusetts Ave., Cambridge, MA, 02139 

Recent work on lower crustal charnockite and granodiorite gneisses of 
the East Athabasca mylonite triangle in northern Saskatchewan 
document 100s of m to km-scale regions of shallow granulite-grade 
mylonitic foliation (S1) with a spectacular rodding lineation (L1).  The 
lineation is defined by: 1) discontinuous ribbons of recrystallized Pl, 
Qtz, Hb, Cpx, and Opx, in addition to Pl- and Kfs-porphyroclasts with 
core-mantle structure visible in outcrop, and 2) sub-continuous, 10s of 
cm in length, rods of compositional banding.  Isoclinally folded 
compositional layering is locally present perpendicular to L1, 
supporting the interpretation of L1 as a composite lineation with 
intersection and extension components.  Thermobarometric data, 
microstructural, and kinematic observations are consistent with high-
grade (>600-750°C) ductile, top-to-the-ESE flow during production of 
S1 at ~1.0 GPa.  Preservation of diffuse core-mantle structure in 
feldspars and dramatic grain size reduction without pronounced 
recovery is attributed to low water activity and relatively high activity 
of CO2 during syn-metamorphic deformation.  The shallow S1 tectonite 
may serve as a field-based analog for deep crustal reflectivity and lower 
crustal flow in some collisional orogens. 
S1 is variably transposed into upright, open, shallowly plunging F2 folds 
with sub-horizontal NW-striking enveloping surfaces.  The weakly 
folded S1 is locally overprinted by <10 m-wide penetrative high-strain 
zones, characterized by transposition of S1 into steeply-dipping, NE-
striking foliation (S2).  D2 high-strain zones contain shallow SW-
plunging stretching lineations (locally L-tectonites) and dextral, 
oblique-slip kinematics.  D2 low-strain zones preserve Type 2 
(mushroom-crescent) fold interference patterns resulting from passive 
folding during superposition of upright F2 folds with sub-vertical NE-
striking axial planes onto isoclinal, recumbant F1 folds. 
Recent tectonic reconstructions of the central portion of the Snowbird 
Tectonic Zone, north of Lake Athabasca, reveal a large exposure 
(>20,000 km2) of Paleoproterozoic lower continental crust (0.8 to >1.5 
GPa) now exposed at the surface.  Final assembly of several 
components of the terrane occurred in the deep crust at 1.9 Ga, but 
much of the region may have been deeply buried since at least 2.6 Ga.  
Reconassaince mapping suggests that most of this region is 
characterized by architecture similar to that described above, with 
domains of shallow NW-striking fabrics transposed by steeply-dipping 
NE-striking high-strain zones.  We propose that the NW-striking, 
shallow S1 fabrics record the accretionary history of this part of the 
Canadian Shield (and possible post-accretionary lower crustal flow), in 
contrast to previous interpretations that utilize NE-striking structures 
(e.g. the Snowbird Tectonic Zone) as sutures for craton assembly. 
 
USING PELLETIZED POULTRY MANURE FOR THE 
PRODUCTION OF WHEAT AND CORN IN QUÉBEC, 
CANADA  

DUPUIS, E.M., eartha.dupuis@mail.mcgill.ca, and WHALEN, 
J.K., Macdonald Campus of McGill University, 21, 111 
Lakeshore Road, Ste. Anne-de-Bellevue, QC, H9X 3V9 

Poultry manure can be an effective fertilizer for the production of 
agricultural crops. Pelletized poultry manure has been used successfully 
as a fertilizer for home gardens.  There is interest in using this material 
for field crop production because it is virtually odourless and contains 
less than 5% moisture, making it easier and less costly to transport and 
apply than fresh poultry manure.  The objective of this study was to 
compare crop yield and soil fertility parameters in plots receiving 
pelletized poultry manure, inorganic fertilizer and fresh poultry 
manure.  The experiment was conducted in Ste. Anne-de-Bellevue, 
Québec.  The treatments consisted of an unfertilized control and four 
fertilizer sources that were applied at four N rates, for a total of 17 
treatments, replicated four times.  The fertilizer sources were: inorganic 
fertilizer (N+P), fresh broiler manure, pelletized poultry manure with a 

48 



7-2-1 formulation and pelletized poultry manure with a 5-4-2 
formulation.  The N application rates were between 60 kg N ha-1 and 
180 kg N ha-1 for wheat and from 90 kg N ha-1 to 240 kg N ha-1 for 
corn.  Crop yield was determined, and residual soil nutrients at harvest 
were measured.  Wheat yields ranged from 0.73-2.40 t grain ha-1, and 
there was no difference in yield among fertilizer sources applied at the 
recommended N rate of 90 kg N ha-1.  However, there was a significant 
decline in wheat yield as the N fertilizer rate increased, suggesting that 
less grain production occurred when the plants received more N 
fertilizer. Corn yields were between 7.17-16.11 t grain ha-1 and there 
was an improvement in grain production with increasing N 
applications.  Soil analyses demonstrated high inherent soil fertility at 
the site.  When fertilizers were applied at higher than recommended 
rates there was a significant increase in soil NO3 levels, regardless of 
the fertilizer source.  Soil phosphate levels after harvest were 
significantly greater in plots receiving fresh broiler manure at higher 
than recommended rates, compared to the other fertilizer sources.  Our 
results suggest that applications of pelletized poultry manure at the 
recommended N rate were as effective as inorganic fertilizer and fresh 
poultry manure at supplying nutrients required for wheat and corn 
production. 
 
CARBONIFEROUS GOLD IN NORTHERN IRELAND – MYTH 
OR REALITY  

EARLS, G., Geological Survey of Northern Ireland, Colby 
House, Stranmillis Court, Belfast BT9 5BF, Northern Ireland, 
garth.earls@detini.gov.uk, WILKINSON, J., Department of Earth 
Science and Engineering, Royal School of Mines, Imperial 
College London, SW7 2AZ, UK and BOYCE, A., Scottish 
Universities Environmental Research Centre, East Kilbride, 
Glasgow G75 0QF, Scotland 

In the 1970s the concept of gold in Northern Ireland was considered 
tenuous.  Detailed and diligent exploration proved the concept correct.  
Further research has revealed the role of Carboniferous fluids and 
tectonics in the gold mineralizing process.  The new concept is – could 
there be gold associated wit the Irish base metal deposits? 
The gold discoveries in the Dalradian Sperrin Mountains and the Lower 
Palaeozoic Longford – Down Massif are dominantly structurally 
controlled.  Structural and fluid inclusion studies indicate that in the 
Sperrin Mountains gold mineralization is related to three tectonic 
events – (i) movement associated with regional north – south structures, 
(ii) the accretion of Dalradian lithologies over an Ordovician island arc 
and (iii) the inversion of Carboniferous sedimentary basins.  The first 
two structural controls are associated with high temperature – low 
salinity fluids while the inversion event is associated with a low 
temperature – high salinity basinal brines.  Brittle deformation 
associated with the basin inversion reactivated structures and focused 
fluid flow for the Carboniferous fluids to enrich existing mineralized 
veins. 
Fluid inclusion work in the Lower Palaeozoic Longford – Down Massif 
has identified similar fluids in gold prospects to those that occur in the 
Sperrin Mountains deposits.  In Longford Down, the high temperature - 
low salinity fluid is interpreted as responsible for the gold 
mineralization.  However, the role (if any) of the low temperature – 
high salinity fluid in the gold mineralization in the Longford - Down 
Massif remains to be established (work in progress).  This latter fluid is 
interpreted as responsible for the Irish Carboniferous base metal 
deposits.  The intriguing possibility is that if this fluid is involved in 
remobilizing gold mineralization, as in the Sperrin Mountains, then a 
new exploration play of gold mineralization in the Irish Carboniferous 
may be a reality. 
The Lower Palaeozoic basement-hosted gold deposits of the Longford 
– Down Massif, with a Carboniferous overprint, may represent feeder 
zones to, now eroded, overlying base metal mineralization which may 
have had the potential for epithermal gold mineralization. 
 
A SHORT HISTORY OF THE WESTERN CANADA 
SEDIMENTARY BASIN  

EBERTH, D.A., Royal Tyrrell Museum, PO Box 7500, 
Drumheller, AB, T0J 0Y0, david.eberth@gov.ab.ca 

The Western Canada Sedimentary Basin (WCSB) has been a centre for 
sediment deposition and the preservation of fossils on-and-off for more 
than 1.5 billion years.  Geologists organize their scientific study of the 
WCSB's vast sediment package by subdividing it into smaller units 
defined by age, inferred tectonic setting, and bounding unconformities.  
Historically, the WCSB's sediment package has been divided into (1) 
an older, stratigraphically-lower subpackage deposited in a passive-
margin setting along the western edge of the North American plate, and 
(2) a younger, overlying subpackage that was deposited in a foreland-
basin-setting created by a phase of crustal downwarping. 
The lower subpackage is Proterozoic to Jurassic in age and 
encompasses the vast majority of geologic time recorded in the basin -- 
more than 1 billion years.  During this time the WCSB was Pacific 
Ocean front property where carbonates, shales, and salts were deposited 
in a warm climate punctuated by extreme but short duration cold 
events.  Fossils of marine creatures and reefs dominate the record of 
ancient life in this subpackage, and Western Canada's oil is drawn 
largely from these deposits.  On a global scale, it was during this time 
that multicellular life evolved and diversified, and terrestrial 
ecosystems became established. 
The upper subpackage is Late Jurassic to Late Tertiary in age and 
encompasses less than 150 million years.  During this time mountain 
building erupted along the western margin of North America as marine 
crust was subducted under the North American plate and exotic 
terranes collided with the plate's western margin.  Uplift and 
overthrusting shifted gradually to the east, eventually loading and 
downwarping the ancient crust in Alberta and Saskatchewan, and 
transforming the WCSB into a foreland basin.  Ocean waters from the 
Arctic and Gulf of Mexico advanced into the basin creating a shallow 
inland seaway, and vast amounts of sediment were carried into the 
WCSB by rivers flowing from western highlands in British Columbia.  
Over time, alternating layers of marine and non-marine sediment were 
deposited, large numbers of marine and non-marine fossils -- including 
dinosaurs and ammonites -- were preserved, and vast commercial 
deposits of coal and gas were locked away.  At the end of the 
Cretaceous, 65 million years ago, marine waters withdrew from the 
WCSB, an overall climatic cooling trend began, and the hegemony of 
dinosaurs ended as an asteroid crashed into the planet, allowing 
mammals to begin their rapid ascent as the Earth's dominant 
vertebrates. 
 
HEAVY METAL CONTAMINATION OF SHALLOW MARINE 
SEDIMENTS FROM SUBMARINE TAILINGS DISPOSAL AND 
ARTISANAL GOLD MINING, NORTH SULAWESI, 
INDONESIA  

EDINGER, E.N., Geography Department, Memorial University, 
St. John’s, NL, A1B 3X9, eedinger@mun.ca, BLACKWOOD, 
G.M., Environmental Science Program, Memorial University, St. 
John’s, NL, A1B 3X9, and SIREGAR, R.P., Indonesian Forum 
for the Environment (WALHI), Jl. Tegal Parang Utara No. 14, 
Jakarta, 12790, Indonesia 

Shallow marine sediments in the Buyat-Ratototok district of North 
Sulawesi, Indonesia, are affected by heavy metals from two principle 
sources: submarine dumping of tailings from an industrial gold mine, 
and small-scale gold mining using mercury amalgamation.  Marine 
sediment samples were collected with a Petit Ponar grab sampler in 
June 2002 and August 2004.  Natural sediments in the region consist of 
siliciclastic sands and muds, and mixed carbonate-clastic sands and 
muds adjacent to fringing coral reefs.  Whole-sediment heavy metal 
concentrations and sequential extractions were determined by ICP-MS; 
total Hg was measured using cold-vapour AAS.  Mine tailings collected 
in June 2002 contained > 660 ppm As, > 550 ppm Sb, and 5.8 ppm Hg.  
High concentrations of these metals in other siliciclastic sediments in 
Buyat Bay indicate contamination by tailings, except for primarily 
fluvial sediments dominated by Fe, Ti, Co, Cr, and Cu, and Zn, and 
generally < 50 ppm As.  Although the tailings are dumped at ~75 m 
depth, reef sediments collected in < 40m water depth outside Buyat 
Bay contained 30-40 ppm As, with nearly identical metals ratios to the 
mine tailings.  Modified Tessier sequential extraction of mine tailings 
showed that 30% of As was soluble in dilute acetic acid, hence 
exchangeable and probably biologically available, while less than 50% 
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was lithogenic.  Arsenic in fluvially-derived sediments and sediments 
affected by artisanal gold mining was 75-80% lithogenic.  Antimony in 
tailings and tailings contaminated sediments was > 90% lithogenic.  
Electron microprobe study of mine tailings suggests that most As, Sb, 
and Hg in the tailings are contained in < 2 mm ground-mass, probably 
amorphous Fe-oxides and oxyhydroxides.  Sequential extraction data 
suggest that submarine tailings disposal introduces large fluxes of 
exchangeable As in shallow marine environments.  Shallow (< 40 m) 
sediments in fishing grounds both on and off coral reefs have been 
contaminated with mine tailings.  Further study by the Indonesian 
government indicates that heavy metals from the tailings enters the 
food chain via benthic invertebrates, and that some of the nektobenthic 
fish species are unsafe for consumption by local human populations.  
Highest sediment Hg concentrations were observed in marine muds 
below the watersheds affected by small-scale mining using mercury 
amalgamation; this mercury also enters the food chain, and may pose a 
health threat. 
 
UNDERSTANDING THE GEOLOGY OF ALBERTA 
THROUGH RIVER ROCKS, FIELD STONES, GRAVEL PITS, 
CONCRETE AND ROADS  

EDWARDS, W.A.D., Alberta Energy and Utilities Board, 
Alberta Geological Survey, Twin Atria Building, 4th Floor, 4999-
98 Avenue, Edmonton, AB, Canada, T6B 2X3, 
dixon.edwards@gov.ab.ca 

Pebbles, sand, cobbles and boulders tell us about the bedrock geology 
of Alberta and the geological processes that took place over the last 40 
million years.  The highest hills on the plains (Cypress Hills, Hand 
Hills, Swan Hills, Pelican Mountain and Halverson Ridge) are capped 
by gravel formations.  These are described in general as quartzite 
(undifferentiated) gravels although quartzite frequency is as low as 
26% (Halverson Ridge) and five or more varieties of quartzite were 
found at all sites.  The gravel lithology, size and shape at these different 
locations indicate a fluvial origin for the sediment even though the 
gravels sit on the highest hills.  Fossils and sedimentary features 
confirm that the rivers flowed from the west millions of years ago, 
before the onset of continental glaciation, so these gravels are called 
preglacial gravels.  Preglacial gravel lithologies appear to correlate with 
rock formations in the distant Rocky Mountains.  Central and northern 
preglacial sands carry gold.  This placer gold has been mined for a 
century but the mother lode has never been found.  Glaciation 
introduced other types of rocks into the gravel mix: granites and 
gneisses of Canadian Shield origin.  Shield pebbles are brightly 
coloured and more angular and can readily be distinguished.  This 
makes it easy to say “this concrete came from a pit in glacial gravel” 
(orange hue), or “from a pit in preglacial gravel” (gray hue).  Most field 
stones are of Shield origin, but the Okotoks erratic, our biggest, came 
from the mountains near Jasper via a complicated glacial delivery 
system.  Gravels deposited by mountain glaciers look somewhat similar 
to preglacial gravels but have much less variety and are not so well 
rounded.  In fact pebbles immediately below the Athabasca or other 
active glaciers are markedly more angular than the same kind of 
pebbles in the rivers just miles downstream from them.  Recent river 
gravels on the plains are composed of materials from three origins: 
preglacial gravel formations, glacial formations and the local bedrock.  
Each rock group has a distinctive colour, lithology and roundness and 
the frequency of each group depends on the size fraction and the region 
of the province.  The gravel on Alberta roads and in concrete structures 
reflects the gravel pit source and makes it possible to ‘study’ the 
geology on a country drive or on a city walk. 
 
IN TOUCH WITH THE EARTH:  IN THE KITCHEN, ON A 
WALK, AT THE MOVIES  

EDWARDS, W.A.D., Alberta Energy and Utilities Board, 
Alberta Geological Survey, Twin Atria Building, 4th Floor, 4999-
98 Avenue, Edmonton, AB, T6B 2X3, dixon.edwards@gov.ab.ca 

The earth is not only encompassing but omnipresent.  I constantly sense 
its presence, see evidence of its principles and employ its materials.  
Everyone can detect some or all of this trinity with just a little 
irreverent geological guidance and some down-home examples.  The 

kitchen, or the classroom, is where I find ice cream crystals, save the 
peas from gravy volcanic flows and recreate the rock cycle.  I admit it; 
I play with my food and use my kitchen implements as geological 
forces.  My blender becomes an agent of alluvial erosion that 
pulverizes apples into applesauce sediments; my crisper disgorges a 
variety of fruit that under my paring knife becomes a fruity 
conglomerate of complex origin; I journey to the centre of the earth 
where my stove metamorphoses pies and forms sweet candy as hard as 
any igneous rock (unfortunately).  My front yard, any schoolyard, or 
even outside our Dalhousie University lecture hall, is a place to find 
feral and domesticated rocks, exquisite minerals, or alluvial wonders.  
What will we find when we look in Halifax?  Most university campuses 
use broken, cut or polished stone that reflects both the best of regional 
resources and the international building stone ‘stars’ for the era of 
construction.  Feral rocks landscape gardens and walks and are a sign 
of the glacial activity and complexity of the area.  Even when you relax 
with a night at the movies geology is with you: aren’t movies simply a 
series of geological flashcards?  Let’s pit the geologists against the 
teachers and see just who is awake and who is in the know. 
 
NATIONAL AGRI-ENVIRONMENTAL HEALTH ANALYSIS 
AND REPORTING PROGRAM (NAHARP) – ASSESSING 
ENVIRONMENTAL SUSTAINABILITY:  A PRIORITY IN 
AGRICULTURE  

EILERS, W.D., Agriculture and Agrifood Canada, 51 Camous 
Dr., Saskatoon, SK, S7N 5A8, eilersw@agr.gc.ca, and 
LEFEBVRE, A., Agriculture and Agri-food Canada, 960 Carling 
Ave., Ottawa, ON, K1A 0C6 

Sustainable development is a concept that integrates environmental, 
economic and social interests in a way that allows today’s needs to be 
met without compromising the ability of future generations to meet 
their own needs.  In the agriculture and agri-food sector, sustainable 
development requires the production of food and fibre in ways that 
maintain the natural resources and environmental functions and 
contributes to the economic and social well-being of all Canadians.  
NAHARP focuses on assessing a key aspect of sustainable 
development in agriculture — environmental sustainability.  Work is 
underway in NAHARP to develop agri-environmental indicators as 
well as tools to integrate these indicators with economic information, in 
an effort to:  
-  better inform agricultural and other decision makers about the links 
between agricultural production and the environment and about 
environmental performance in agriculture; 
-  determine how environmental conditions within agriculture are 
changing over time; 
-  provide information on the impact of the adoption of stewardship 
principles and on the use of environmentally sound practices; 
-  support the development of strategies and actions targeted at areas 
and resources that remain at environmental risk;  
-  facilitate the environmental analysis of agricultural policies and 
programs and the monitoring of their performance. 
Agri-environmental indicators are a vehicle for communicating 
complex information in summary form to a non-expert audience.  They 
are designed to report on a national to regional scale and, except for 
certain issues that relate only to specific agricultural regions, are 
applied to all of Canada.  The indicators integrate biophysical 
information (on soil, climate and landscape), taken mainly from the 
Soil Landscapes of Canada, with land use and farm management data 
taken mainly from the Census of Agriculture.  In order to evaluate the 
trend over time, the indicators were calculated for each census of 
agriculture year from 1981 to 2001. 
In addition to reporting on present status and trends, an important 
aspect of NAHARP is the development of tools and approaches for 
linking these indicators to economic and policy models, in order to 
provide guidance for policy and program development or evaluation.  
This allows, for example, the testing of different policy scenarios under 
consideration, in order to assess their likely influence on the suite of 
agri-environmental indicators. 
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REEFS OF THE JURASSIC-CRETACEOUS WEST ATLANTIC 
MARGIN:  AN OVERVIEW OF SETTINGS, TYPES, FACIES 
TRENDS, DEPOSITIONAL STYLES AND TERMINATIONS 
(WITH RESERVOIR IMPLICATIONS)  

ELIUK, L.S., GeoTours Consulting Inc., 3007-46 Street NW, 
Calgary, AB, geotours@shaw.ca 

About 20 wells have tested the Jurassic-Cretaceous Abenaki Formation 
near-margin carbonate sequences off the Atlantic seaboard over the 
past four decades:  1970’s pioneer wells off Nova Scotia (NS), a mid-
1980’s group including three Baltimore Canyon USA (BC) wells and 
finally those following EnCana’s Deep Panuke 1998 gas discovery 
(NS).  Comparison of these wells reveals the following: 
1)  Two margin settings – relatively stationary margins over deep 
basement highs (NS- Panuke trend & west) versus prograded 
carbonates, either thin (NS - Sable Island area) or thick (BC) over 
deltaic siliciclastics. 
2)  Three reef-reef mound/slope types – deeper (and/or shalier) 
hexactinellid-lithistid sponge reef mounds, shallow hexacoral-coralline 
sponge reefs, and deep microbial mounds/slopes – that show 
intergradation and can be further subdivided and template-grouped. 
3)  Overall vertical facies trends that display an upward progression 
from microbial-rich submarine-cemented slope beds to shallower 
forereef to reef and reef-flat beds initially rich in coralline sponges, 
followed by more microsolenid corals and finally bioeroded storm-
reworked coral-rich and oncolitic debris beds up to oolitic shoals. 
The top of carbonate bank sequences may be replaced gradually by 
shallow-water siliciclastics near deltaic depocentres or abruptly by 
deeper-water sponge-reef-derived beds.  Within this overall style that is 
best expressed in the BC, there are smaller-scale similar flooding and 
shoaling patterns that allow sequence or parasequence subdivision in 
NS following an initial oolitic flooding event immediately above the 
Misaine shale.  The association of deltas and reef termination suggests 
drowning by nutrient poisoning.  But compared to modern coral reefs, 
these mid-Mesozoic biotas seem more robust by living in surprisingly 
close proximity to siliciclastics for a while. 
Being at the carbonate shelf margin and in a non-argillaceous shallow-
water reef-associated facies would appear to be necessary requirements 
for gas-bearing reservoir development in the Abenaki, but they are not 
sufficient.  Originally porous oolitic grainstones are typically tight 
where deeply buried in the Panuke area.  Following the close and long-
lived association of Abenaki reefs and the Sable paleodelta, continued 
siliciclastic burial had huge consequences of thorough limestone 
cementation.  This resulted in potential stratigraphic trapping where 
offset by subsurface dolomitization and leaching fed by fractures/faults 
in coarser reef-associated facies that enhanced or at least helped 
preserve porosity.  For some reefs, the “bad news” of growing adjacent 
to a major delta became “good news” gas stratigraphic traps for later 
explorers. 
 
QUANTITATIVE DISCRIMINATION OF SOIL VOIDS IN :CT 
IMAGERY USING PURE VOXEL EXTRACTION TECHNIQUE  

ELLIOT, T.R., telliot@uoguelph.ca, and HECK, R.J., University 
Guelph, Guelph, ON, N1G 2W1 

Three-dimensional (3D) CT imagery, as with any digital imagery, is 
composed of finite volume elements (called voxels, in contrast to pixels 
in 2D imagery).  Consequently, imagery of soil is dominated by mixed 
voxels which contain the density signature of more than one soil 
component.  Definitive histogram peaks, that would identify unique 
soil components, are occluded by the populous mixed voxels.  The 
objective of this research is to develop techniques to extract pure voxels 
from any given CT data set.  A 3D convolve function is used to isolate 
regions of homogeneous density, providing data for a pure voxel 
density histogram, which exhibit accentuated trough and spikes 
representing the density range of soil components, such as voids.  The 
threshold established from such pure voxel histograms is applied to the 
original data set revealing all soil voids.  This 3D pure voxel extraction 
technique is a valid mathematical method for three dimensional data set 
analyses.  The example used for this study is the isolation of void 
space, however any component with homogeneous density and of 

significant concentrations within soil, can be isolated with this 
technique. 
 
DEVELOPMENT OF A THREE-DIMENSIONAL FINITE 
ELEMENT MODEL OF POTENTIAL FLUID FLOW IN 
MICRO-CT DEFINED MACRO-VOID SPACE OF SOIL  

ELLIOT, T.R., telliot@uoguelph.ca, HECK, R.J., Department of 
Land Resource Science, University of Guelph, Guelph, ON, N1G 
2W1, and GHARABAGHI, B., School of Engineering, University 
of Guelph, Guelph, ON, N1G 2W1 

Methods to determine fluid movement in soil macropores are coarse in 
scale or involve soil as a black box mechanism.  In this study, we 
determine the flow parameters within a micro-CT resolved macro-void 
structure through finite element modeling.  In developing the finite 
element model we image intact soil samples, using a :CT scanner, for 
which through-flow experiments have been completed.  Once the 
micro-CT image is acquired, isolated void space are isolated; these are 
used to developed a structural model of selected void regions, and 
calculate area and permeability.  Once the pore dimensions are 
determined, the complex flow pattern within selected sections of the 
network is modeled by finite element methods taking into account flow 
volume, velocity, pressure, as well as pore dimensions, roughness and 
permeability.  To validate the model, the initial through-flow 
experimental data is compared to calculated retention and flow 
volumes.  Positive correlation could prompt development of an open 
ended finite element model for public use on soils of known void space 
component and structural state.  Future research can include modeling 
pathogen transport and numerical simulation of varied soils. 
 
MID TO LATE CENOZOIC EVOLUTION OF A SEDIMENT 
STARVED SLOPE SYSTEM:  THE ROCKALL TROUGH, 
WEST OF IRELAND  

ELLIOTT, G.M., SHANNON, P.M., HAUGHTON, P.D.W., 
Dept of Geology, University College Dublin, Dublin, Ireland, 
Gavin.Elliott@ucd.ie, PRAEG, D., OGS, Trieste, Italy, and 
O'REILLY, B., Dublin Institute of Advanced Studies, 5 Merrion 
Square, Dublin, Ireland 

The Rockall Trough is the bathymetric expression of the undersupplied 
Rockall Basin, overlying an area of highly attenuated continental crust 
to the west of Ireland.  A 2km thick Cenozoic succession is found on 
the basin floor.  This onlaps the margins of the basin, which are 
characterised by slope failure and canyon incision.  Application of an 
established Cenozoic basin floor stratigraphy to the slope and base-of-
slope has identified regional scale variations in the timing, nature and 
controls of slope failure deposits, that help constrain the onset of deep 
water conditions in this important gateway. 
In the NE Rockall region a large post- late Eocene basinward- thinning 
sediment wedge overlies a regional unconformity (C30).  Internal 
reflector truncations and multiple onlap surfaces indicate a history of 
multi-phase failure.  Canyons heavily incise the upper surface of the 
sediment wedge with the distal region is onlapped by slopeward 
thinning basinal strata.  Further south, along the margin of the southern 
Porcupine Bank, there is no obvious base-of-slope failure wedge.  A 
stratigraphic borehole drilled on the north Porcupine Bank correlated to 
high-resolution seismic profiles indicates that lower- to mid- Eocene 
carbonate strata have undergone rotational sliding.  This unit has also 
been extensively eroded by bottom current activity and also canyon 
incision. 
In contrast, the western opposing margin flanking the Rockall Bank 
also has slope failure but lacks canyons.  At the base of slope the 
regional C30 unconformity defines the upper surface of a sediment 
body with external wedge morphology.  This is of presumed late 
Paleocene to early Eocene age and has undergone significant onlap by 
the contouritic sediment of the Feni drift, which plasters the base of 
slope along the Rockall Bank.  Internally this wedge has a different 
seismic character to that of the NE Rockall wedge, with rotational shear 
planes resolvable on industry seismic lines implying post formation 
collapse of the margin. 
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The formation of the base-of-slope wedges along both margins, 
although of different age and internal character can be related deep 
seated crustal and mantle geodynamics resulting in differential 
subsidence, steep slope development and failure.  Other factors that 
modify the sediment geometries include sediment supply and climatic 
control on bottom current circulation. 
Overall the mid to late Cenozoic sedimentary architecture of the 
Rockall Basin highlights, and provides a record of, the sensitivity of 
undersupplied sedimentary basins to external forcings such as tectonics 
and climate. 
 
NEW U-Pb (SHRIMP AND LA-ICP-MS) DETRITAL ZIRCON 
AGES FROM METASEDIMENTARY ROCKS ALONG THE 
EASTERN MARGIN OF THE CUYANIA TERRANE, SAN JUAN 
PROVINCE, ARGENTINA  

ELLIS, J.R., elli1453@uidaho.edu, MCCLELLAND, W.C., 
Geological Sciences, University of Idaho, Moscow, ID 83844-
3022, USA, ROESKE, S.M., MULCAHY, S.R., Department of 
Geology, University of California, Davis, CA 95616, USA, and 
NAIPAUER, M., Universidad de Buenos Aires, Argentina 

The Precordillera terrane of western Argentina, part of the larger 
composite Cuyania terrane, has variably been assigned a Laurentian or 
Gondwanan origin.  Alternatively, it may represent a peri-Gondwana 
terrane.  Amphibolite facies rocks of the Sierra de Pie de Palo are 
thought to represent Precordilleran basement, largely due to Grenville 
age metaigneous protoliths.  Less is known of the age and provenance 
of metasedimentary protoliths both within the eastern Sierra de Pie de 
Palo and metamorphic tectonites exposed farther east in Loma de Las 
Chacras of the western Sierra de la Huerta.  Detrital zircon ages from 
metasedimentary rocks in Pie de Palo and Las Chacras have been 
determined using both SHRIMP and LA-ICPMS methods to evaluate 
their provenance.  Two quartzite samples from eastern Sierra de Pie de 
Palo have signatures with a prominent peak at 1050 Ma and minor 
peaks at 1550, 2700, and 3400 Ma.  Three quartzite samples from 
Loma de Las Chacras have prominent peaks at 1050 and 1500 Ma and 
minor peaks at 1350, 2700, and 3400 Ma.  Detrital zircons defining the 
Grenville-age peak at 1050 are rounded fragments of oscillatory zoned 
igneous grains as well as unzoned low-U grains that are likely 
metamorphic in origin.  The detrital signature for the quartzites records 
input from a source region characterized by both Grenville-age 
magmatism and metamorphism and is similar to that observed in 
metasediments above the Las Pirquitas thrust on the west side of Sierra 
de Pie de Palo.  In contrast, zircon ages from a metaturbidite unit in 
Loma de Las Chacras form a prominent peak at 600 Ma and minor 
peaks at 1150, 1950, and 2350 Ma.  This Late Proterozoic detrital 
signature is similar to a volcanic protolith age of 666 ± 8 Ma and 
metasedimentary detrital ages observed adjacent to the Las Pirquitas 
thrust in western Sierra de Pie de Palo.  The detrital zircon signatures 
currently defined for eastern Pie de Palo and Las Chacras are consistent 
with but do not require derivation from the Laurentian margin.  
Evidence for appropriate protolith ages on the Gondwana margin 
immediately east of the present study area have not been defined.  
However, similar ages are observed along other segments of the 
Gondwana margin.  Thus correlation of metasedimentary rocks 
separating the Precordillera terrane from the Gondwana margin remains 
enigmatic. 
 
EXPLORATION LESSONS - A DECADE OF DRILLING IN 
ATLANTIC CANADA 

ENACHESCU, M.E., Department of Earth Sciences and Pan-
Atlantic Petroleum Systems Consortium, Alexander Murray 
Bldg., Memorial University, St. John’s, NL, A1B 3X5, 
michaele@mun; HOGG, J.R., EnCana Corporation, 150 9th Ave. 
SW, Calgary, AB, T2P 2S5, and WACH, G.D., Department of 
Earth Sciences, Dalhousie University, Halifax, NS, B3J 3J5 

The Canadian Atlantic Coast is an important petroleum province with 
production from world-class oil and gas fields at Hibernia, Terra Nova 
(together 350,000 bopd) and Sable (450 mmcfd).  Major developments 
are planned for White Rose, Deep Panuke and Hebron - Ben Nevis with 
future exploration in excess of $1.5 Billion (Cdn.).  An exciting and 

costly exploration race is underway within the Mesozoic basin trend for 
the discovery of Atlantic Canada’s next giant field. 
Many exploration lessons are being gleaned from the approximately 20 
wells recently drilled offshore Nova Scotia and Newfoundland.  These 
lessons will be used to re-evaluate play concepts and decrease the risk 
of the prospects and leads.  In the quest for the next large discovery, 
exploration drilling, primarily in deep and ultra-deep water, will test 
large structural traps in the Orphan Basin, structural - stratigraphic 
plays in the Jeanne d’Arc basin, stratigraphic traps in the Scotian Slope 
Basin, and the Paleozoic platform and triangle zone of Western 
Newfoundland.  Shallow water exploration will continue on the Deep 
Panuke carbonate trend, and the listric fault domain around Sable 
Island.  The key to successful exploration will be found by combined 
industry – government - academia effort, with targeted, applied 
research.  As in any frontier area, exploration success will depend on 
improved seismic imaging technology, regional geoscience evaluation, 
quality of prospects drilled, long range commitment to the area and a 
sustained tempo of drilling. 
Despite high commodity prices, an overall low level of exploration 
activity is predicted for the Atlantic Canada during the next decade, 
compared to other exploration regions of the world.  Major oil and gas 
discoveries followed the exploration results during the National Energy 
Policy of the early 1980s.  This success demonstrated that the principal 
way to record new field discoveries is by increasing the annual rate of 
exploration drilling, thereby maintaining a sustainable East Coast 
petroleum industry.  Significant changes to the present fiscal regime of 
exploration in Atlantic Canada are suggested, including royalty 
holidays with solid provincial benefits for wildcats in basins with high 
geological risk, and limitations of the terms and duration given to 
significant discovery areas. 
 
CENOZOIC DENUDATION AND DEFORMATION OF 
EASTERN TIBET AND THE QINLING:  CONSTRAINTS 
FROM FISSION-TRACK GEOCHRONOLOGY  

ENKELMANN, E., eva.enkelmann@geo.tu-freiberg.de, 
RATSCHBACHER, L., JONCKHEERE, R. and GLOAGUEN, 
R., Technische Universität Bergakademie Freiberg, B.-v.-Cotta-
Str. 2, 09599 Freiberg, Germany 

The Tibetan Plateau and surrounding regions are the result of the 
Cenozoic India-Asia collision that doubled the crust beneath Tibet, and 
elevated the topography to 4-5 km.  While thickening and uplift of the 
Plateau in front of the indenter is mainly attributed to crustal 
shortening, it has been proposed that crustal thickening in eastern Tibet, 
is mainly the result of lower crustal flow.  They also proposed that the 
strong crust of the South China Craton beneath the Sichuan Basin 
causes the flow to pile up, creating a narrow, steep margin (Longmen 
Shan), and to be diverted, creating broad, gentle margins, and active 
Plateau growth north and south of the Longmen Shan. 
Seventy five apatite fission-track analyses in the eastern Tibetan 
Plateau and the Qinling elucidate the cooling/exhumation history of 
eastern Tibet, and the extent to which the Qinling was affected by the 
raising of the Tibet Plateau.  The interpretation of the eastern Tibet data 
is based on age-vs.-elevation diagrams, and reveals two different 
exhumation periods.  Late Cretaceous to Miocene ages, spread over 
small vertical distances at high elevations of the Plateau record very 
slow exhumation (<0.02 mm/a) during tectonic quiescence and 
peneplanation.  Since the middle Miocene exhumation rates of >0.2 
mm/a characterize the Longmen Shan and the interior of the Songpan-
Garzê belt.  Westerly younging ages across west-northwest dipping 
faults indicate out-of-sequence thrusting within the Longmen Shan belt 
and its northern termination, the Min Shan uplift; in the latter, rapid 
exhumation is older than 11 Ma and possibly younger than 18-20 Ma.  
For the other eastern Tibet blocks, the data give lower (7, 10, and 11 
Ma in central eastern Tibet) or upper limits (13 and 30 Ma in south-
eastern Tibet) for the onset of rapid denudation.  Most samples in the 
Qinling yield Cretaceous to Eocene ages with no obvious regional 
clusters or age-elevation correlation.  However, different types of track 
length distributions contrast continuous cooling and slow denudation in 
the northern and eastern Qinling with rapid cooling at the end of the 
thermal history in the southwestern Qinling.  Symmetrical track-length 
distributions indicate fast exhumation of 2-3 km at the very end of the 
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thermal histories, but modeling artifacts prevent the exact estimation of 
the onset of cooling.  However, our results give evidence of active 
growth of the Tibet Plateau north of the Longmen Shan, which is 
probably younger than the middle Miocene onset of exhumation 
estimated for the eastern Tibet. 
 
LANDSCAPE RESTORATION AND ITS IMPACT ON THE 
EMISSION OF GREENHOUSE GASES  

ERB, M.M., LOBB, D.A., Soil Science, University of Manitoba, 
Winnipeg, MB, R3T 2N2, LobbDA@MS.UManitoba.CA, 
BURTON, D.L., Nova Scotia Agriculture College, Truro, NS, 
and MOULIN, A.P., Agriculture and Agri-Food Canada, 
Brandon, MB 

Soil erosion is a common problem in agricultural landscapes resulting 
in reduced soil health and decreased agricultural productivity.  In 
topographically complex landscapes, tillage erosion results in large 
quantities of topsoil being redistributed from hilltops to lower slope 
landscape positions and depressions.  Landscape restoration is a 
practice that may reverse years of tillage erosion by returning soil that 
has accumulated in depressions back to the hilltop.  The potential to 
increase the emission of greenhouse gases has been identified as a 
major concern regarding the appropriateness of this practice.  This 
paper examines the impacts of landscape restoration on greenhouse gas 
emissions (carbon dioxide, nitrous oxide and methane) following the 
restoration of a moderately-to-severely eroded landscape under zero-till 
crop production.  Emissions, in both the area of soil removal and soil 
addition, were measured as surface fluxes using closed chambers.  
Although significant changes in cumulative emissions were not 
observed over the two-year period of assessment, differences were 
observed on individual sampling dates. 
 
CONTAMINATION OF GRANITIC MAGMA BY 
METASEDIMENTARY COUNTRY-ROCK MATERIAL:  AN 
EXPERIMENTAL STUDY  

ERDMANN, S.1, serdmann@dal.ca, LONDON, D.2, MORGAN 
VI, G.B.2, and CLARKE, D.B.1,  1 Dalhousie University, 
Department of Earth Sciences, Halifax, NS, B3H 3J5, Canada;  2 

University of Oklahoma, School of Geology and Geophysics, 
Norman, OK, USA 73019 

Melting experiments involving metasediments and granitic rocks 
provide an opportunity to study reactions and products of granite 
contamination by metasedimentary country-rock material.  We present 
results of three sets of experiments at 700 and 800 °C, 200 MPa, 4 to 
14 days, water-undersaturated and water-saturated conditions: i) 
melting of granodiorite, metapsammite, and metapelite powder; ii) 
melting of metapsammite and metapelite cores; and iii) melting of 
metapsammite or metapelite cores in contact with granodiorite or 
haplogranite powder.  Melting experiments using granodiorite or 
metasediments provide melt fractions and compositions of the partial 
melts; experiments with contaminants in contact with granodiorite or 
haplogranite reveal reactions between contaminants and granitic 
material.  Melting of granodiorite, metapsammite, and metapelite 
powders at 800 °C and water-saturated conditions produces ~ 50 – 75 
vol% partial melt. Glass compositions are granitic and peraluminous.  
Water-undersaturated melting of metapsammite and metapelite cores at 
800 °C produces 1-2 vol% and ~ 20 vol% partial melt, respectively.  At 
800 °C and water-saturated conditions, both lithologies produce > 50 
vol% partial melt.  In both sets of metasediment melting experiments, 
cordierite is the major new phase, followed in abundance by calcic 
plagioclase.  Melting of metapsammite and metapelite cores in contact 
with granodiorite and haplogranite powder yields similar melt fractions 
as the melting experiments using individual cores or powders only.  In 
experiments involving granodiorite and metapelite, cordierite forms in 
the granodiorite melt phase (otherwise rare), and at the interface 
between metapelite and haplogranite, abundant K-feldspar crystallizes 
in the partially molten metapelite (otherwise absent).  Electron 
microprobe analysis reveals that K and Na equilibrate rapidly between 
melts derived from metasediment cores and granodiorite or 
haplogranite, whereas elements such as Si, Al, Fe, and Mg exchange at 
a slower rate.  Melting of metasediment cores in contact with 

granodiorite and haplogranite powder at 700 °C result in low melt 
fractions, with only thin melt films occurring along grain boundaries 
and microcracks.  These results suggest that: i) at high temperature 
(800 °C) partial melt may be an important contaminant; ii) at low 
temperature (700 °C) partial melt may not be an important 
contaminant, but may facilitate the disintegration of xenoliths (loss of 
cohesion along melt-wetted grain boundaries); iii) major disintegration 
products of metapelitic xenoliths are a strongly peraluminous granitic 
partial melt and cordierite; and iv) major disintegration products of 
metapsammitic xenoliths are a peraluminous granitic partial melt, 
cordierite, and resorbed quartz and calcic plagioclase xenocrysts. 
 
MANIPULATING EARTHWORM POPULATIONS IN FIELD 
ENCLOSURES IMPROVES SOIL FERTILITY AND SOYBEAN 
PRODUCTION  

ERIKSEN-HAMEL, N.S., nikita.eriksen-hamel@mail.mcgill.ca, 
and WHALEN, J.K., McGill University, 21111 Lakeshore Road, 
Ste-Anne-de-Bellevue, Montreal, QC, H9X 3V9 

Earthworms are considered to be “keystone organisms” that improve 
soil fertility by accelerating decomposition and increasing the pool of 
plant-available nutrients.  Yet, few field experiments have shown that 
earthworms can enhance crop production, possibly because most crop 
production systems receive sufficient nutrients from fertilizers and 
those supplied by earthworms do not provide additional improvements 
in crop growth and yield.  The purpose of this study was to assess the 
effects of two earthworm species, Aporrectodea caliginosa and 
Lumbricus terrestris L., on soil fertility and soybean production in an 
unfertilized agroecosystem.  Earthworm populations at the study site in 
Ste-Anne-de-Bellevue, Quebec were 3 m2 each were built from sheet 
metal and buried in the soil to prevent sub-surface and surface 
migration of earthworms.  Seven treatments of different earthworm 
population and species were applied.  They included a control with no 
earthworms added, a normal and double the normal population of 
earthworms added as A. caliginosa species alone, L. terrestris species 
alone and both species combined.  Tissue nutrient analysis of plant 
tissue was determined at 6, 10, 14 weeks and at harvest (18 weeks).  At 
harvest, soil and plant properties, and earthworm populations were 
determined from each enclosure.  A high survival of juvenile A. 
caliginosa and a low survival of adult and juvenile L. terrestris was 
recorded in all treatments.  The control treatment had the lowest 
earthworm numbers and biomass.  Root nodulation seemed to be 
improved under treatments with higher earthworm abundances.  
Similarly, shoot and grain yield showed significant increases in 
treatments with higher earthworm abundances compared to the control.  
Highest earthworm numbers also showed significantly higher nitrogen 
content in grain and tissue.  It appears that large-scale manipulation of 
earthworm populations within field enclosures may help to determine 
the effects of different earthworm species and population size on soil 
and plant properties. 
 
THE GLOBAL LARGE IGNEOUS PROVINCE (LIP) ATLAS 
PROJECT  

ERNST, R.E. and BUCHAN, K.L., Geological Survey of Canada, 
Natural Resources Canada, 601 Booth St., Ottawa, ON, K1A 0E8, 
rernst@NRCan.gc.ca 

Large igneous provinces (LIPs) represent high volume, generally short 
duration pulses of magmatism that punctuate Earth’s history, perhaps 
as often as every 10 to 20 million years.  Many LIPs are larger than one 
million cu. km.  The largest is ‘greater’ Ontong Java with a volume of 
58 million cu. km.  Most are dominated by mafic magmatism.  Many 
have been linked with mantle plumes and related regional domal uplift.  
In addition, they are commonly associated with rifting and continental 
breakup, may have a significant effect on global climate, and are highly 
prospective for Ni-Cu-PGE mineral deposits.  LIPs of Mesozoic and 
Cenozoic age are dominated by flood basalts.  Those of Paleozoic and 
Proterozoic age are usually deeply eroded, and therefore, consist of 
flood basalt remnants and an exposed deep level plumbing system (of 
giant dyke swarms, sill provinces and layered intrusions).  In the 
Archean, the most promising LIP candidates are greenstone belts 
containing komatiites. 
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A three year project has begun on a comprehensive global digital Atlas 
of Large Igneous Provinces (LIPs).  The Atlas will contain the digitized 
distributions of all LIP-related volcanic packages, layered intrusions, 
dyke swarms and sill provinces.  The focus will be on mafic-ultramafic 
magmatism, but related silicic magmatism will also be included.  The 
Atlas will incorporate both the mapped surface expression of units and 
their inferred subsurface extents based on drill core information and 
geophysics.  Sources of information will be fully referenced.  The Atlas 
is being prepared under the auspices of the Large Igneous Provinces 
(LIPs) Commission (www.largeigneousprovinces.org).  The 
preliminary strategy is to focus on North America and Europe/Asia in 
the first year, Australia and Africa in the second, and South America 
and Antarctica in the third.  Information on oceanic LIPs will be 
integrated in years 1 and 2. 
 
NORTH-TRENDING DIABASE DYKES WEST OF THE 
NIPIGON EMBAYMENT:  PALEOMAGNETISM, 
GEOCHEMISTRY AND CORRELATION WITH KNOWN 
MAGMATIC EVENTS  

ERNST, R.E.1, rernst@NRCan.gc.ca, BUCHAN, K.L.1, HART, 
T.R.2 and MORGAN, J.1,  1 Geological Survey of Canada, 601 
Booth St., Ottawa, ON, K1A 0E8;  2 Ontario Geological Survey, 
933 Ramsey Lake Road, Sudbury, ON, P3E 6B5 

The north-trending Empey Lake diabase dyke swarm intrudes Archean 
rocks of the Superior Province within 100 km of the western margin of 
the Nipigon Embayment.  Another prominent north-trending dyke, the 
Mine Centre dyke, occurs 150 km farther west.  This study aims to 
correlate these dykes with known magmatic events, and to investigate 
their tectonic setting.  Oriented samples were collected for 
paleomagnetism and unoriented samples for geochemical and 
geochronological study at 18 sites in the Empey Lake swarm and the 
Mine Centre dyke. 
Most of the N-trending dykes are stably magnetized with a steep down 
north-northwest (i.e. 'normal') or a steep up east to south-southeast 
('reversed') remanence.  Two dykes at Lac des Mille Lacs have poorly 
defined remanence directions that are up to the north or steeply down to 
the southwest. 
Most of the dykes, including the Mine Centre dyke, have a consistent 
composition.  Notably, they have low TiO2 (1.3 to 2.4 wt.%), and have 
moderate REE slopes (La/Yb = 7.2 to 10.5).  Exceptions include two 
dykes with high TiO2 (2.4 to 3.3 wt.%), and the dykes at Lac des Mille 
Lacs with flat REE patterns (La/Yb = 1.1 to 1.3). 
A comparison of our data with that of other magmatic events in the 
region (2121-2101 Ma Marathon, 2076 Ma Fort Frances, 1880 Ma 
Molson-Pickle Crow and ca. 1108-1087 Ma Keweenawan events) 
suggests that most of the N-trending dykes belong to the Marathon 
dyke swarm.  Exceptions include the dykes at Lac de Mille Lacs of 
unknown affinity.  In additon, several dykes close to the Nipigon 
Embayment carry remanences similar to 1108 Ma Keweenawan 
diabase sills of the Embayment.  However, the geochemistry suggests 
that these dykes belong to the Marathon swarm.  Therefore, they were 
likely magnetically overprinted at the time of sill emplacement.  
Geochronological studies are currently in progress to test these 
tentative conclusions.  The identification of Marathon dykes west of the 
Nipigon Embayment, would extend the breadth of this N-trending 
swarm to 600 km and suggest that the centre of Marathon activity was 
located far to the south or north.  If the dykes are of Marathon rather 
than Keweenawan age, they do not provide support for a failed arm 
setting for the Nipigon Embayment. 
 
THE HYDROTHERMAL SYSTEM OF CENTRAL JEBILET 
(VARISCAN BELT, MOROCCO):  RELATIONSHIPS 
BETWEEN BIMODAL MAGMATISM AND MASSIVE 
SULFIDE DEPOSITS  

ESSAIFI, A., Cadi Ayyad University, FSSM, B.P. 2390, 
Marrakech, Morocco, essaifi@ucam.ac.ma 

The central part of the Jebilet massif (Variscan belt, Morocco) is 
characterized by the presence of numerous mafic, felsic and composite 
intrusions, which form a bimodal magmatic province.  The magmatic 

pods intrude marine Carboniferous shales that are affected by a very 
low to low-grade metamorphism contemporaneous with a Late 
Carboniferous shortening.  The intrusions have induced a contact 
metamorphism which reaches the hornblende hornfels facies, and their 
emplacement, globally syntectonic, was accompanied by an important 
hydrothermal activity similar to that associated with sulphide deposits.  
Sulfide deposits in the area are generally located close to the intrusions.  
These ore bodies are organized into subvertical lineaments, 
concurrently to the regional schistosity.  Their paragenesis is dominated 
by pyrrhotite, with magnetite, chalcopyrite, sphalerite, galena and 
arsenopyrite.  Sulfide deposits’ emplacement has been interpreted as 
predating the post-Visean shortening, and related to a synsedimentary 
volcanic activity.  Nevertheless, they could also correspond to 
discharge zones of mineralizing fluids during the hydrothermal activity 
induced by the emplacement of the bimodal magmatism. 
Two main episodes are distinguished in the hydrothermal alteration 
related to the bimodal intrusions: 
(i)  an episode of cooling of the intrusions to temperature conditions 
prevailing in the country rock (lower greenschist facies), during which 
a thermally driven convection system was centered on the intrusions. 
(ii)  an episode following the thermal re-equilibration of the intrusions, 
during which a regional upwardly directed fluid flow was maintained in 
the highly permeable zones. 
The first-stage of alteration is marked by a widespread development of 
Ca-amphibole, Mg-Chlorite and Ca-Al silicates in all the intrusions, 
while the second-stage of alteration is marked by development of 
chloritoschists in the mafic-ultramafic Kettara intrusion.  This 
peculiarity is related to the specific structural position of the Kettara 
intrusion, in an area where ENE dextral shearing connects N-S sinistral 
shear zones.  The composition of the Kettara chloritoschists is close to 
the metasomatic chloritites that occur in the walls of the Kettara 
massive sulfide deposit, which is located 500 m to the North of the 
intrusion. 
The metapelites in the contact metamorphic zone developed around 
felsic intrusions contain zincian ilmenite whose occurrence is related to 
interaction of the host rocks with a chlorine-rich fluid carrying zinc and 
other metals leached from the felsic intrusions.  Hence the whole 
Central Jebilet hydrothermal system could be described in terms of 
recharge zones (i.e. the bimodal intrusions) and discharge zones (i.e. 
the Jebilet sulfide deposits). 
 
DO AVALONIAN TERRANES CONTAIN THE LOST 
GRENVILLIAN HINTERLAND?  

EVANS, D.A.D., Dept of Geology and Geophysics, Yale 
University, PO Box 208109, New Haven CT 06520 USA, 
dai.evans@yale.edu 

The Avalonian belt may play a key role in testing the validity of a 
radically revised paleogeographic model for the Rodinia 
supercontinent.  The model, which I have developed over the past year, 
incorporates paleomagnetic and tectonostratigraphic data from all 
major cratons and introduces an intriguing new set of juxtapositions.  
Highlights include reconstruction of Congo, West Africa, and 
Amazonia to the proto-Innuitian and proto-Cordilleran margins of 
Laurentia, rather than their more typical Rodinian placements adjacent 
to the proto-Appalachian margin.  One controversial implication of this 
model is that the contiguous Sveconorwegian-Grenvillian-Sunsas belt 
did not involve continent-continent collision, but rather merely arc 
accretion and/or forceful (Andean-style) subduction at various stages of 
its late Mesoproterozoic evolution.  Critical review of the evidence 
commonly used to allege a continent-continent collision for the 
Ottawan orogeny, finds that such evidence is equivocal.  Indeed, a 
common refrain of regional Grenvillian studies is the noted absence of 
robust evidence for any particular hinterland craton. 
If the Grenville orogenies never concluded a Wilson cycle with two-
continent collision, then why did orogeny abruptly terminate at ca.980 
Ma, and what dynamics governed the transition to a rifted to passive 
margin during Neoproterozoic-Cambrian creation of the Iapetus 
seaway?  I suggest that a more contemporary analog to the Grenvillian-
Iapetan transition is to be found in eastern Australia, where prolonged 
Paleozoic arc magmatism, culminating in Permian-Triassic orogeny, 
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was succeeded by Cretaceous rifting and separation of the Lord Howe 
rise, all without any intervening continental "closure" of the Wilson 
cycle.  In this analogy, a candidate Grenvillian equivalent to the Lord 
Howe Rise could be the Avalonian super-terrane, which contains an 
isotopic record of Grenvillian tectonism, ca.750-Ma igneous rocks 
possibly indicating rifting from Laurentia at that time, and the 
characteristic ca.600-Ma orogeny that could represent docking with 
West Africa and Amazonia as the outboard leading edge of the 
Laurentian plate. 
 
A NEW SULPHIDE DOMAIN:  GEOMETRIC 
RELATIONSHIPS AND SULPHIDE DISTRIBUTION WITHIN 
THE REID BROOK ZONE, PART OF THE VOISEY’S BAY Ni-
Cu-Co DEPOSIT  

EVANS-LAMSWOOD, D., Area Geologist, Voisey's Bay Nickel 
Compamy, Suite 700, 10 Fort William Place, St. John's, NL, 
Canada, A1C 1K4 

The Voisey’s Bay Ni-Cu-Co sulphide deposit occurs within troctolites 
and olivine gabbros of the 1.34 Ga. Voisey’s Bay Intrusion.  The 
Voisey’s Bay Intrusion is a member of the Nain Plutonic Suite and 
straddles the ca. 1.85 Ga. suture between Archean orthogneisses of the 
Nain Province to the east of the suture and Paleoproterozoic 
paragneisses of the Churchill Province to the west.  The Voisey’s Bay 
intrusion consists of troctolitic to olivine gabbroic rock rocks hosted by 
two large magma chambers connected by an east-west trending dike. 
The Discovery Hill, Mini-Ovoid and Ovoid mineral deposits occur 
within the sub-vertical dike system.  The distribution of sulphides 
appears to be controlled by conduit morphology, Sulphide traps occur 
where the dike encounters a flexure or change in width.  These 
morphological changes appear to be controlled by the interaction of 
multiple structural elements. 
The Eastern Deeps deposit is located within a footwall depression at the 
base of a magma chamber.  The footwall depression occurs where sub-
horizontal sill-like intrusions branch from the sub-vertical dike and 
enter the chamber.  The geometry of the sill-like intrusions and the 
distribution of sulphide appear to be controlled by structural 
weaknesses or sub-structures produced through intersecting sub-
vertical faults. 
The Reid Brook deposit is located adjacent to, and west of the 
Discovery Hill deposit and the mineralization occurs within the dike.  
However, unlike the other mineral deposits contained within the dike, 
massive sulphide in the Reid Brook deposit is also found within the 
paragneiss country rock.  The massive sulphide appears remobilized 
from the dike and redistributed along sub-horizontal brittle macro-
fractures.  Significantly, the macro-fractures and sulphide 
remobilization appear to be a consequence of deformation produced 
through overlapping structural events. 
The massive sulphides located within the paragneiss in the Reid Brook 
deposit represent a unique mineral domain not observed at the other 
Voisey’s Bay deposit.  However, analogous to the other mineral 
deposits the distributions of sulphides within this domain appear to be 
controlled by geometric relationships formed between prominent 
structural elements. 
 
THERMAL HISTORY OF PRECAMBRIAN SHIELD IN 
ONTARIO FROM APATITE FISSION TRACK 
THERMOCHRONOLOGY  

EVERITT, R.A., Underground Research Laboratory, Atomic 
Energy of Canada Limited, everittr@aecl.ca, KOHN, B.P., 
LORENCAK, M., University of Melbourne, Australia, and 
OSADETZ, K., Geological Survey of Canada, Calgary 

A reconnaissance-scale investigation of apatite fission track (AFT) data 
obtained from 87 samples from Canadian Shield outcrops across 
Ontario, as represented by three representative samples, shows how the 
AFT method can provide information relative to the Phanerozoic 
thermal history of the Shield, and how this information is both 
preserved and extracted.  Within Ontario, AFT ages vary progressively 
from about 150 Ma in the extreme southeast to over 600 Ma west of 
Lake Nipigon.  West of Kenora, ages again decrease toward the 

preserved margin of the Western Canada Sedimentary Basin.  For 
northwestern Ontario, analysis and time-temperature modeling indicate 
that, after cooling to low temperatures in Late 
Neoproterozoic/Cambrian time, the area experienced reheating in the 
Silurian to Early Devonian attributed to sedimentary burial.  This was 
followed by slow cooling throughout the remaining Paleozoic and the 
earliest Mesozoic, with regional variations in cooling rate possibly 
related to development of the Cape Henrietta Maria Arch.  During the 
Late Cretaceous, sedimentation from the Laramide orogen foreland 
basin extended eastwards, possibly reheating the basement rocks in this 
area up to ~70°C.  In southern and central Ontario, where the oldest 
apparent AFT ages occur only an Ordovician to Silurian heating and 
cooling cycle is recorded.  Subsequent heating during the Permian, due 
to Appalachian foreland basin burial, progressively overprinted this 
older thermal history throughout northeastern Ontario, and resulted in 
the total resetting of those samples from the Grenville Province.  Some 
samples, particularly those lying farther to the northeast, preserve the 
Ordovician to Silurian thermal history, while others, typically closer to 
the St. Lawrence River, from the Grenville Province were totally reset 
in the Late Permian and preserve only the cooling record related to the 
subsequent erosion of the Appalachian Foreland succession.  The 
Taconic, Acadian, and Alleghanian orogenies to the east of the shield 
produced successions of orogen-derived clastic sediments during the 
Late Ordovician, Late Devonian and the Pennsylvanian.  The older 
heating and cooling cycle may be correlated with the Taconic Orogeny, 
while the Late Paleozoic-Early Mesozoic heating-cooling cycle may be 
correlated with Alleghanian foreland sedimentation.  The AFT data 
support earlier tectonic models that suggest basement control of 
subsidence.  Regions with abundant basement-scale fractures such as 
dykes have had a demonstrably more complex and younger 
Phanerozoic burial history (AFT age < 300 Ma) than the less fractured 
block in the region west of Thunder Bay (AFT age > 600 Ma). 
 
THE NUCLEAR FUEL CYCLE VS. THE CARBON CYCLE 

EWING, R.C., University of Michigan, Ann Arbor, MI, USA 
48109, rodewing@umich.edu 

Nuclear power provides approximately 17% of the world’s electricity, 
which is equivalent to a reduction in carbon emissions of ~ 0.5 Gt of 
C/y.  This is a modest contribution to the reduction of global carbon 
emissions, ~ 7 Gt C/y.  Most analyses suggest that in order to have a 
significant and timely impact on carbon emissions, carbon-free sources, 
such as nuclear power, would have to expand total energy production 
by factors of three to ten by 2050.  A three-fold increase in nuclear 
power capacity would result in a projected reduction in carbon 
emissions of 1 to 2 Gt C/y, depending on the type of carbon-based 
energy source that is displaced.  A three-fold increase in nuclear power 
capacity utilizing present technologies would result in 30,000 metric 
tones (mt) of spent nuclear fuel (SNF) per year, containing 
approximately 200 mt of plutonium.  This is compared to a present 
global inventory of approximately 280,000 mt of SNF and >1,400 mt 
of Pu.  A nuclear weapon can be fashioned from as little as 5 kg of Pu.  
However, there is considerable technological flexibility in the nuclear 
fuel cycle.  There are three types of nuclear fuel cycles that might be 
utilized for the increased production of energy: open, closed, or a 
symbiotic combination of different reactor types (such as, thermal and 
fast neutron reactors).  The neutron energy spectrum has a significant 
effect on the fission product yield, and the consumption of long-lived 
actinides, by fission, is best achieved by fast neutrons.  Within each 
cycle, the volume and composition of the nuclear waste and fissile 
material depend on the type of nuclear fuel, the amount of burn-up, the 
extent of radionuclide separation during reprocessing, and the types of 
materials used to immobilize different radionuclides.  As an example, a 
232Th-based fuel cycle can be used to breed fissile 233U.  The Th-based 
fuel cycle presents a very different situation in terms of nuclear waste 
disposal, e.g., ThO2 is much more stable that UO2, and nuclear weapons 
proliferation, e.g., concentration and diversion of 233U would require 
isotopic separation.  This presentation will be a discussion of the 
relation between the types of reactors and fuel cycles and their 
environmental impact.  The environmental impact of the nuclear fuel 
cycle will be contrasted with other alternatives, such as carbon-based 
energy sources that utilize carbon sequestration.  I will particularly 
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emphasize the role of mineralogists and geochemists in addressing 
these important issues. 
 
GEOLOGY, THE ENVIRONMENT AND HUMAN HEALTH  

EYLES, N., University of Toronto, 1265 Military Trail, 
Scarborough, ON, M1C 1A4, eyles@utsc.utoronto.ca, and 
RASMUSSEN, P.E., Health Canada, Ottawa, ON, K1A OL2 

It is our purpose to demonstrate how knowledge of Earth history and 
the geological evolution of Canada are fundamental to our 
environmental future.  Fifty years ago, most Canadians lived in rural 
areas within small communities.  More than 80% of us now live in 
large urban areas.  In response to emerging problems associated with 
rapid urban growth and the need to lessen the environmental footprint 
of mining and other activities, the discipline of geology is rapidly 
becoming a technologically based environmental science (geoscience) 
integrating geological, geophysical, geochemical, biophysical datasets 
and expertise.  This work is increasingly conducted within a regulatory 
framework requiring interaction with planners and others.  There is 
increasing demand for specialized geoscience knowledge needed to 
identify, manage, remediate and prevent environmental degradation 
arising from human activity.  Waste management and the protection of 
water resources from a wide range of contaminant sources has become 
a central issue to the public and politicians.  Habitat management and 
restoration together with the assessment and remediation of 
contaminated lands are also high priorities.  Such information is highly 
relevant to human health.  Some trace elements in the environment are 
essential to human health while others are harmful.  Minimizing 
occupational exposures to asbestos and reducing respiratory health 
problems resulting from airborne particulate matter in urban 
environments demands interdisciplinary collaboration.  Case studies 
from a wide range of geologic settings across Canada will review the 
historic legacy of environmental contamination and present day 
environmental problems and emerging issues.  Emphasis will be given 
to the methods of environmental assessment and remediation, and the 
regulatory framework in which geoscientists work.  Implications for the 
training of geoscientists and the skill sets required will also be 
explored. 
 
THE PAST, PRESENT AND THE FUTURE OF PETROLEUM 
EXPLORATION IN NEWFOUNDLAND AND LABRADOR 

FAGAN, P., Petroleum Geophysics Consultant, Department of 
Natural Resources, Government of Newfoundland and Labrador, 
50 Elizabeth Ave, St. John's, NL, A1B 4J6, 
phonsefagan@gov.nl.ca 

The oil industry became wise to the petroleum potential offshore 
Newfoundland and Labrador in the early 1960s, and first drilling 
occurred in 1966.  Since then 133 exploration wells have been drilled, 
resulting in the discovery of 2.1 billion barrels of recoverable oil, 9.6 
TCF of natural gas and 436 million barrels of natural gas liquids.  
Exceptional flow rates have been achieved from the Hibernia and Terra 
Nova reservoirs, far out performing initial estimates and paying 
dividends for the operators in a time of high oil prices.  The major 
discoveries on the Grand Banks have been found in Late Jurassic and 
Early Cretaceous Sandstones, with rift related faulting providing the 
primary trapping mechanism.  All of the discoveries considered large 
enough for stand alone development were found during an active 
exploratory drilling cycle that began with the discovery of Hibernia in 
1979 and died out after the price drop of 1986.  Since that time 
exploratory drilling has remained at low levels, and the next big play 
has eluded the industry.  This paper will review what has happened and 
address where we are headed in terms of exploration and development 
in the Newfoundland and Labrador offshore area. 
 
THE STUDY OF FLUID INCLUSIONS OF THE TIOUIT 
AURIFEROUS DEPOSIT SAGHRO ORIENTAL, ANTI-
ATLANT, MOROCCO  

FARAZDAQ, H., Faculté des Sciences Semlalia, BP S15, 
University of Marrakech, Morocco, 44000, 
farazdaq2006@hotmail.com 

The Saghro massif of the Morocco Anti-Atlas is characterized by a 
relatively different mineralisations (Cu, Ag, Au, Pb, Zn, Sn, W, ...).  
The study of the circulation of the auriferous fluids was made in the 
Tiouit deposit (Au), and they are placed in the Precambrian PII 
formations.  The Tiouit auriferous mineralisations are enclosed in the 
upper PII granodioritic massif during the late Panafrican tectonic - 
magmatic event and they are essentially guided by the subhorizontal 
flat faults.  A comparison with the Akka auriferous mineralisations and 
the Imiter silverous mineralisations was established. 
The microthermometric study of auriferous mineralisations of Tiouit 
shows the existence of two geotherms, G1 and G2.  The precocious 
geotherm G1 is characterized by the circulation of the aquo-carbonic 
fluid of high temperature (> +350°C) and weak salinity.  This fluid 
would probably be related to the metamorphic hydrothermal fluids and 
they are managed by the PII granitic intrusion.  The late hydrothermal 
geotherm G2 is characterized by the circulation of hydrothermal fluids 
of a moderate temperature (T = +260°C) and moderate salinity.  It is 
the potential responsible of the Tiouit auriferous mineralisation. 
Some geothermic models are proposed.  The Tiouit auriferous fluids 
are tamponned by the variations of water/rock ratio dominated by the 
chimism of the PII granite, when the Akka auriferous fluids and the 
Imiter silverous fluids are tamponned by the variations of water/rock 
ratio in the metamorphic schistes. 
 
CHAMBER-BASED FLUX MEASUREMENTS:  I. FROM THE 
CHAMBER TO THE GC  

FARRELL, R.E.1, richard.farrell@usask.ca, LEMKE, R.L.2 and 
PENNOCK, D.J.1,  1 Department of Soil Science, University of 
Saskatchewan, Saskatoon, SK, S7N 5A8;  2 Agriculture and Agri-
Food Canada, Semiarid Prairie Agricultural Research Centre, 
Swift Current, SK, S9H 3X2 

Chamber-based measurement systems provide a cost-effective means 
of studying soil–atmosphere gas exchange in both process level and 
inventory studies.  Indeed, in many geographic areas, chamber-based 
systems provide the only viable means of obtaining useful flux data.  
As a result, chamber-based systems are often viewed as being the 
method of choice for measuring greenhouse gas fluxes from 
agricultural systems.  The challenges associated with obtaining “good” 
chamber-based flux measurements can be classed into three groups: (1) 
sampling design, (2) sample collection and analysis, and (3) data 
analysis and up-scaling.  In this talk we will discuss a variety of 
technical issues associated with collecting and analyzing gas samples 
obtained from non-steady-state (closed) chambers. 
 
NEW DINOSAUR DIVERSITY IN THE EARLIEST JURASSIC 
OF NORTH AMERICA  

FEDAK, T.J., Department of Biology, Dalhousie University, 
Halifax, NS, B3H 4J1, tfedak@dal.ca 

The first dinosaur skeletal remains recovered from the Early Jurassic 
(Hettangian) McCoy Brook Formation were collected in the mid-
seventies by a team from Princeton University.  These disarticulated 
and fragmentary elements included several vertebrae, the proximal end 
of a large femur, and have been identified in the literature as the small 
Sauropodomorpha, Ammosaurus cf., a dinosaur best known from the 
Connecticut Valley (Pliensbachian) Portland Formation. 
Several new specimens recovered from the McCoy Brook Formation 
during the past eight years provide important diagnostic material, with 
at least nine dinosaur skeletons now available for study.  The most 
recently collected specimens are the best preserved and includes several 
nearly complete, articulated skeletons from a single bone bed.  
Taphonomic features of the bone bed suggest the skeletons were buried 
quickly and represent a single death assemblage.  The bone bed is a 
localized, ephemeral fluvial deposit within an area of the stratigraphic 
column otherwise dominated by aeolian sandstones. 
An articulated pelvis and right hind limb demonstrates that the Nova 
Scotia dinosaur is not Ammosaurus, but represents a new 
sauropodomorph taxon with a four vertebrae sacrum.  Another pelvis, 
with a very long and narrow postacetabular blade and at least five 
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sacral vertebrae, represents a second new dinosaur genus.  Preparation 
and study of both specimens is ongoing. 
After thirty years of collection and study, the McCoy Brook Formation 
is now one of the richest sites in North America for Early Jurassic 
dinosaur skeletons.  This new dinosaur assemblage, recovered from 
immediately after the Triassic/Jurassic boundary, provides important 
palaeobiological data for studies of extinction patterns during this 
poorly represented time period. 
Research has been supported by: The Nova Scotia Museum Research 
Grant, The Jurassic Foundation, Royal Canadian Geographic Society, 
Samuel P. and Doris Welles Research Fund, NSERC Post-Graduate 
Scholarship, and NSERC Grant A5056. 
 
PREDICTING TRANSPORT OF SOIL PHOSPHORUS IN 
LANDSCAPE IN RESPONSE TO MANURE  

FENG, Y.1, yongsheng.feng@ualberta.ca, LI, X.2, GODDARD, 
T.3, HAO, X.4, OLSON, B.3, SLASKI, J.2 and ZHANG, M.5,  1 

University of Alberta;  2 Alberta Research Council;  3 Alberta 
Agricultural Food and Rural Development;  4 Agriculture and 
Agri-Food Canada;  5 University of Alaska 

The Soil P-Export Model (SPEM) was developed as a tool to predict 
transport of soil P in agricultural landscape and its relation with manure 
application.  The SPEM uses a probabilistic approach in dealing with 
spatial variability of the soil processes that control P export.  This 
approach allows for the modeling of the spatial feature of the soil P 
processes, which cannot be easily dealt with using the lumped models.  
At the same time, this approach avoids the explicit modeling of detailed 
spatial distributions of the soil properties and processes, thus 
significantly reduce the amount of input requirement with minimum 
loss of information.  There are a huge number of variables that affect 
the movement of P from soils to surface water.  We will never have 
perfect knowledge of them for every single point in a watershed.  Thus, 
even in a detailed distributed model where details of the spatial 
variability of the soil properties and processes are described, 
insufficient information of the necessary parameters will inevitably 
introduce uncertainties and errors.  The approach used by SPEM 
attempts to strike a balance between representing the spatial variability 
of the soil processes and at the same time keeping the input 
requirements at a manageable level. 
 
WORTH A THOUSAND WORDS:  PHOTOGRAPHING 
GEOLOGICAL SUBJECTS FOR GENERAL AUDIENCES  

FENSOME, R.A., Natural Resources Canada, Geological Survey 
of Canada (Atlantic), P.O. Box 1006, Dartmouth, NS, and 
MACRAE, R.A., Department of Geology, Saint Mary's 
University, Halifax, NS, B3H 3C3 

Geologists commonly use photographs to illustrate their science, 
especially in papers involving field studies.  These photographs are 
usually of some arcane feature, commonly labelled with jargon to 
emphasize otherwise vaguely discernible technical details.  Often, too, 
there is an obligatory but unaesthetic ruler of some sort to show scale.  
As necessary and appropriate as such photos are, they are not generally 
exciting.  Yet, as geologists, we would all agree that geology is 
beautiful.  Photography, other than being a vital technical tool, is one 
important way in which geologists can communicate that beauty to 
others.  Many beautiful photographs of geological subjects have, of 
course, been used in texts, and there are a few artistic books on the 
subject - but very few compared to books focussing on the aesthetic 
appeal of other natural history subjects such as flowers or birds.  
Another potential source of excellent photographic images is from the 
photographic community.  Many photographers focus on natural 
subjects, but these subjects tend to be plants and animals: the 
photography of rocks and the geological landscape is unfashionable, in 
large part perhaps because of a lack of understanding and awareness by 
photographers of their geological surroundings.  Through several of its 
activities, the Atlantic Geoscience Society has been making efforts to 
improve photographic awareness within the geological community - for 
instance by producing a book, The Last Billion Years, that contains 
many beautiful images.  As further encouragement, the Society is 
trying to improve the geological awareness of the photographic 

community through competitions and field trips.  These activities 
benefit both groups: the geological community gains better images for 
use in outreach activities; and photographers have the opportunity to 
see the world from a different perspective. 
 
USE OF SATELLITE IMAGERY FOR 
OUTREACH/EDUCATION IN A BOREAL FOREST 
COMMUNITY  

FENTON, M.M. and SHILONG M.S., Alberta Geological 
Survey, Alberta Energy and Utilities Board, 4999-96 Avenue, 
Edmonton, AB, Canada, T6B 2X3, mark.fenton@gov.ab.ca 

Outreach is an important component of a four year collaborative project 
of the Alberta Geological Survey, the Geological Survey of Canada and 
the British Columbia Ministry of Energy and Mines.  One aspect is a 
display booth at the Spirit of the North Trade Show in High Level.  
This is the major settlement (population ~4000) in northwestern 
Alberta, (population ~22,000) and lies within the discontinuous 
permafrost zone of the Boreal Forest with a mixed economy based on 
energy, forestry and farming.  The show attracts both aboriginal and 
non-aboriginal residents, of all ages, from the community and region.  
It is eclectic: displays range from the latest trucks, and snowmobiles to 
jams and cosmetics complimented by those from energy and forestry 
companies and government departments. 
The 2003 display of a satellite image proved eye-catching and 
participant feedback was recorded.  The 2004 image used Landsat 7, 
SRTM (Shuttle Radar Topography mission) and IRS (Indian Remote 
Sensing Satellite).  The Landsat 7 image provided natural summer 
color, the SRTM data a sunshade relief effect and the IRS image 
increased resolution to about 6 m.  This was surrounded by numbered 
photos, from the various settlements and some landforms, that 
corresponding to numbers on the image.  The DLS land system 
(township and range) was also added being the regions primary 
coordinate system.  Image handout were prepared together with a 
computer, projector and booth screen. 
The image was a good "participant attractor’.  Teachers from many of 
the schools in the region wanted a copy to hang in their class rooms for 
discussion and a number ask if the image could be expanded in the area 
surrounding their school.  Other visitors wanted an up-to-date "road 
map".  Two older aboriginal visitors point out the decrease in the size 
of the wetlands near their communities.  Many visitors wanted to use 
the computer to "zoom in" on their town or farm.  One item regarded as 
"cool to way cool" by many, especially the kids, was zooming in to 
reveal the image of a passenger jet.  This also provided a good example 
of how much higher the satellites orbited than the aircraft.  No-one was 
interested in the "technical" aspects of the image.  Changes for next 
edition include: 1) more handouts 100 were not sufficient and 2) having 
"zoom ins" of each community rather than a picture of some aspect of 
the town. 
 
GROUND SURFACE TEMPERATURE RECONSTRUCTIONS 
FROM BOREHOLE TEMPERATURES:  
HYDROGEOLOGICAL CONSIDERATIONS  

FERGUSON, G.A.G., St. Francis Xavier University, Department 
of Earth Sciences, Antigonish, NS, B2G 2V5 

Advection by groundwater is a significant heat flow mechanism in 
many subsurface environments and presents a major obstacle in the 
analysis of borehole temperatures to reconstruct ground surface 
temperature histories.  In most cases, studies using borehole 
temperatures to examine ground surface temperatures do not include 
detailed hydrogeological investigations and are usually conducted in an 
areas where it is suspected that advections negligible.  While there are 
environments where this is a valid assumption, it has not been 
conclusively shown what level of advective heat transport is negligible.  
Recent studies have also suggested that it may be possible to correct for 
advective effects in ground surface temperature reconstructions.  
However, much of this work is contrary to hydrogeological research 
where temperatures are used to estimate groundwater velocities.  While 
temperatures are recognized as an excellent tracer of groundwater flow, 
their use has been limited due to the complexities of hydrogeologic 
systems.  Due to these complexities, temperature data is usually applied 
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in combination with other techniques in hydrogeological studies.  
Based on this experience, it is strongly suggested that advective effects 
be quantified by means other than temperatures in borehole temperature 
studies.  The incorporation of independent information on groundwater 
flow will enable for more conclusive delineation of areas where 
advective effects can be neglected may also provide some insight into 
how to account for advection in ground surface temperature 
reconstructions. 
 
OCEAN ANOXIC EVENTS AND THEIR RELATIONSHIP TO 
HYDROCARBON GENERATION AND SYNGENETIC 
MASSIVE SULPHIDE MINERALIZATION (SEDEX AND VMS)  

FERRI, F., Resource Development and Geoscience Branch, BC 
Ministry of Energy and Mines, 6th Flr. – 1810 Blanshard Street, 
Victoria, BC, V8W 9N3; Fil.ferri@gems3.gov.bc.ca, PETER, 
J.M. and GOODFELLOW, W., Geological Survey of Canada, 
601 Booth Street, Ottawa, ON, Canada, K1A 0E8 

The recognition and analysis of organic-rich source bed horizons is one 
of the cornerstones in evaluating the petroleum potential of any 
sedimentary basin.  Although source beds can be relatively thin (<10 
metres), their large areal extent and high organic content can lead to the 
expulsion of significant quantities of hydrocarbons. 
The preservation of organic matter in source beds is due primarily to 
very low oxygen, or reducing (anoxic) conditions, within the lower 
water column.  Low sedimentation rates also promotes the 
concentration of organic material.  These anoxic bottom water 
environments essentially act as carbon sinks, preserving organic matter 
for later liberation when conditions permit. 
Anoxia is also instrumental in the precipitation and preservation of 
some syngenetic massive sulphide deposits.  It is believed that anoxic 
conditions led to the buildup of abundant reduced sulphur by bacterial 
sulphate reduction in the reduced water column.  This sulphur is 
essential for the precipitation of sedimentary exhalative massive 
sulphide deposits (SEDEX) from fluids depleted in H2S.  Although 
much of the sulphur in volcanogenic massive sulphide deposits (VMS) 
originates from metalliferous fluids, modern seafloor black smokers 
demonstrate that almost all of the sulphides precipitated in the water 
column oxidize prior to settling on the ocean floor.  If bottom water 
conditions were anoxic, then most, if not all of these sulphides would 
be preserved. 
Anoxia can be specific to a basin (present day Black Sea), of regional 
extent (Kimmeridgian shales of the north Atlantic), or of global-scale.  
World-wide anoxic events are well documented in the Phanerozoic 
with major occurrences being of Cambrian, Middle Ordovician, Early 
Silurian, Late Devonian to Early Mississippian, Early to Middle 
Jurassic and Early and Late Cretaceous ages.  A considerable portion of 
proven and extracted petroleum around the world is sourced from 
organic-rich sediments deposited during these time periods.  For 
example, in western Canada, all of the oil associated with the Alberta 
tar sands is believed to have been sourced from the Late Devonian to 
Early Mississippian Exshaw Formation. 
Similarly, when examining world-wide occurrences of Phanerozoic 
SEDEX and VMS deposits, many were formed during periods of 
global-scale anoxia.  On a planetary-scale, these deposits contribute a 
significant portion of proven and produced base metals.  Zeroing in on 
significant anoxic horizons could be a prudent mineral exploration 
strategy. 
A large proportion of the global endowment of petroleum and base 
metal resources can be attributed to preservation of kerogen and 
sulphides during significant ocean anoxic events. 
 
SEDIMENTOLOGY AND STRATIGRAPHY OF LARGE RIVER 
DEPOSITS:  RECOGNITION IN THE ANCIENT RECORD AND 
DISTINCTION FROM "INCISED VALLEY FILLS"  

FIELDING, C.R., Department of Geosciences, University of 
Nebraska-Lincoln, 214 Bessey Hall, Lincoln, NE 68588-0340, 
USA, cfielding2@unl.edu 

A review of the literature detailing the sedimentology and stratigraphy 
of big river deposits reveals that there is an alarming lack of data.  Few 

published studies address issues of sediment distribution, facies 
geometry and three-dimensional stacking arrangements in modern big 
river systems, providing few detailed modern analogues for the many 
documented ancient examples of big river deposits.  The few existing 
data suggest that modern large rivers are characterized by their 
considerable external dimensions (widths <20 km, depths <40 m), the 
presence of megaforms such as mid-channel islands and lateral 
accretion sets that are on the same scale as the formative first-order 
channels, deep scour (especially at confluences: <100 m), large bars 
(macroforms) and dunes (mesoforms: 5 m+).  Rivers of all major 
planform styles, low sinuosity and braided, meandering and 
anastomosing, show sediment body architectures that suggest a scale 
invariance with respect to a variety of aspects of alluvial 
geomorphology and stratigraphy.  The scale of the modern World’s big 
river systems, and their sediment bodies, is 1-2 orders of magnitude 
greater than the systems most geologists are able to visualise from all 
but the largest outcrops.  Accordingly, the recent popularity of 
sequence stratigraphic analysis has led to the interpretation (or 
reinterpretation) of many large channel fill sediment bodies as “incised 
valley fills” forced by a cycle of relative sea-level change.  Many such 
interpretations are open to question, as the diagnostic criteria for 
recognizing valley fills are difficult to satisfy, and because the range of 
scale recorded by modern big rivers has not been adequately taken into 
account. 
 
LESSONS LEARNED FROM VISITS TO ELEMENTARY 
SCHOOL CLASSROOMS  

FINN, G.C., Department of Earth Sciences, Brock University, St. 
Catharines, ON, L2S 3A1, greg.finn@brocku.ca 

In September 1997 I made my first visit to an elementary classroom to 
talk about Rocks and Minerals.  I was given a wooden suitcase of 
mineral, rock and fossil samples and told to wing it.  Since that initial 
visit an average of ~ 500 elementary students annually are introduced 
to minerals and rocks by the ‘Rock Doctor’. 
The visit is linked to the rock, mineral and erosion strand of the Ontario 
Grade 4 science and technology curriculum and is booked by the 
teacher to coincide with coverage of the unit.  The presentation runs 
from 45 to 120 minutes, depending on the available time, but more 
importantly on the interaction, enthusiasm, number of questions of the 
students.  Experience has shown that teachers have minimal earth 
science background, from an introductory, university, earth science 
course (rare) to no science training (normal). 
The traveling kit consists of a variety of common minerals and rocks 
with the focus of the presentation on the importance of the rocks and 
minerals in everyday life.  22 Minerals samples are presented, chosen 
to reflect variations in shape, colour, and visibility in the classroom.  
Each mineral is linked to an object that the students use and are familiar 
with.  Samples include garnet (sandpaper, jewelry), quartz (silicon 
chips, glass), calcite (just about everything), gold (jewelry, electronics).  
The presentation is interactive with samples presented allowing the 
students to touch gold (Can I buy it?), feel the pyramid terminations of 
amethyst (Are they sharp?), have their face painted with hematite (Is it 
safe and will it wash off?). 
Students understand the three types of rocks and representative igneous 
(basalt, granite, pumice), metamorphic (gneiss, slate) and sedimentary 
(sandstone, shale, chalk) samples are presented.  For each a link is 
made to the student’s experience.  Students are encouraged to bring in 
samples they have collected for identification. 
A package of resources and promotional items, from various sources 
(eg. GSC, OGS, AGI, a listing of internet sites, etc., all tied to specific 
aspects of the earth science curriculum from grades 4 to 8) are left with 
the teacher for follow up and future use.  A set of labeled classroom 
display samples are available for extended loan periods to teachers.  As 
a result of the visits, a mineral fact sheet and a FAQ for rocks were 
produced to answer recurring questions from students and teachers. 
 
CRETACEOUS TO MIOCENE BENTHIC FORAMINIFERA 
FROM THE SCOTIAN SHELF AND SLOPE WELLS 
COHASSET A-52 AND SHUBENACADIE H-100  
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FIORINI, F.1, Flavia.Fiorini@dal.ca, FENSOME, R.A.2, SCOTT, 
D.B.1, THOMAS, F.C.2 and WACH, G.D.1,  1 Dalhousie 
University, Department of Earth Sciences, Halifax, NS, B3H 4J1;  
2 Geological Survey of Canada (Atlantic), Bedford Institute of 
Oceanography, Dartmouth, NS, B2Y 4A2 

The Cohasset A-52 well was drilled on the Scotian Shelf in 36 m water 
depth to a depth of 2835 m.  The Shubenacadie H-100 well was drilled 
on the Scotian Slope in 1476.5 m water depth to a depth of 4200 m. 
One hundred and forty cutting and core samples from the Cretaceous - 
Cenozoic sections in the two wells have been analyzed for their benthic 
foraminiferal content to enable interpretation of depositional 
environments. 
Cohasset A-52 contains benthic foraminifera corresponding to outer 
neritic environments in the Miocene sediments (mostly characterized 
by species belonging to the genera Uvigerina, Lenticulina, Siphonina, 
Stilostomella, Nodosaria, Dentalina, and Guttulina), in the Eocene 
(Uvigerina, Lenticulina, Stilostomella, Nodosaria, Dentalina and 
Bolivina) and in the Maastrichtian-Santonian interval (Gavelinella, 
Epistomina, Gaudryina, Globorotalites, Stensioeina).  The interval 
between 2075 and 2216 m, corresponding to Early Cretaceous deposits, 
is characterized by the occurrence of the agglutinated benthic 
foraminifera belonging to genera Ammobaculites, Ammotium and 
Trochammina, indicating a salt marsh environment. 
Shubenacadie H-100 is characterized by a Miocene succession in which 
the benthic foraminifera recorded belong to genera Bulimina, 
Glandulina, Melonis, Plectrofrondicularia, Pyrgo, Quinqueloculina, 
Sigmilopsis, Uvigerina and Cyclammina.  These are indicative of a 
middle-lower bathyal environment.  The benthic species within The 
Eocene - Late Cretaceous deposits are agglutinated foraminifera 
(mainly belonging to genera Ammodiscus, Bathysiphon, 
Trochamminoides, Paratrochamminoides, Glomospirella, Reophax and 
Subreophax) indicating clastic sedimentation in lower bathyal 
environment. 
 
XANES SPECTROSCOPY OF SULFUR IN EARTH 
MATERIALS  

FLEET, M.E., Dept. of Earth Sciences, University of Western 
Ontario, London, ON, N6A 5B7, Canada, mfleet@uwo.ca 

X-ray absorption near-edge structure (XANES) spectroscopy is the 
ideal non-destructive technique for characterizing and quantifying 
sulfur species in compositionally complex natural materials such as 
silicate glasses and minerals, coals, asphalts and asphaltenes, kerogens, 
and humic substances.  Sulfur absorption edges represent the transition 
of S 1s and 2p core electrons to unoccupied antibonding orbitals at the 
bottom of the conduction band.  Shifts in the position of the absorption 
edge feature of S K- and L-edge XANES constitute a chemical ruler for 
oxidation state of both inorganic and organic species of sulfur; for 
example, the S K edge shifts from 2469.5 eV for chalcopyrite (2- 
oxidation state) to 2482 eV for gypsum (6+).  However, the chemical 
state of sulfur in earth materials is most readily assigned by comparing 
the overall XANES profile with spectra for reference compounds. 
Sulfur XANES spectra are reviewed for pyrite, troilite, pyrrhotite and 
NiAs-type Co0.923 and Ni0.923S, niningerite (MgS), oldhamite (CaS), 
alabandite (MnS), and cubic FeS, and sphalerite and related phases, as 
well as for selected solid solutions of the monosulfides.  For the 
transition-metal-bearing monosulfides, the S K-edge XANES generally 
show anomalous absorption consistent with hybridization of the final 
state S 3p sigma* antibonding orbitals with empty metal 3d orbitals; 
thus revealing details of the electronic configuration and bonding of the 
metal atoms.  The XANES spectra for stoichiometric FeS, CoS, NiS, 
MgS, and CaS have been simulated using multiple scattering theory.  
Various applications of S K- and L-edge XANES fingerprinting are 
discussed, including: speciation of inorganic sulfur in basaltic glasses, 
lazurite and hauyne; identification of organic sulfur functional groups 
in coals, kerogens, and humic substances extracted from sub-tropical 
soils and marine sediments, and the association of sulfated sugars with 
calcification of coral aragonite skeletons. 
 

HALITE ON MARS SHERGOTTITE NWA3171:  
IDENTIFICATION AND TEXTURAL INFORMATION FROM 
MICRO-XRD  

FLEMMING, R.L. and JACQUES, N., Department of Earth 
Sciences, University of Western Ontario, London, ON, N6A 5B7, 
Canada, rflemmin@uwo.ca 

Mars meteorite NWA3171 was examined by micro-X-ray diffraction 
(mXRD) using a 500 mm beam diameter, and found to contain two 
pyroxenes (augite and pigeonite) as the major crystalline components.  
Surprisingly, this survey also revealed halite at several locations (7 of 
20) on a freshly cut surface approximately 1.5 cm below the natural 
surface.  mXRD examination of five locations on the fusion crust also 
yielded two pyroxenes, but gave no indication of halite.  The identity of 
the halite was confirmed by a second survey of the cut surface using a 
50 mm X-ray beam.  This eliminated much of the overlapping signal 
from the pyroxenes.  Halite has not been found in this specimen upon 
examination by other techniques, perhaps due to its dissolution during 
sample preparation. 
Textural information, from the two dimensional General Area Detector 
Diffraction System (GADDS) images, indicates that pyroxenes show 
preferred orientation, and/or strain (giving ‘streaked’ diffraction lines), 
whereas the halite occurs in two textural modes: as randomly 
distributed polycrystalline microcrystallites (giving ‘powder’ rings) and 
larger, unstrained single crystals, (giving circular diffraction spots).  
The streaked X-ray pattern exhibited by the pyroxenes is attributed (at 
least in part) to strain due to shock associated with the ejection event.  
The halite, however is unstrained.  Two possible explanations for the 
unstrained texture of halite crystals are: 1) it crystallized on Earth 
(terrestrial); or, 2) it is martian halite that was crushed during the 
ejection event but remained unstrained. 
 
ISLE MADAME, SOUTHERNMOST CAPE BRETON ISLAND, 
NOVA SCOTIA:  A MULTI-STAGE PAELOZOIC 
EXTENSIONAL BASIN IN AN ENVIRONMENT OF OBLIQUE 
CONVERGENCE  

FORCE, E.R., Geosciences Dept., University of Arizona, Tucson, 
Arizona, 85721, USA, ejforce@aol.com, and BARR, S.M., 
Department of Geology, Acadia University, Wolfville, NS, B4P 
2R6, Canada 

Isle Madame, off the southern coast of Cape Breton Island, exposes 
anomalously thick and coarse clastic sedimentary sequences - over 
5000 m of conglomerate alone.  Three steeply to moderately dipping 
stratigraphic packages are recognized: the Glenkeen Formation of 
uppermost Devonian age, the Horton and lower Windsor groups 
(lowermost Carboniferous) and the upper Windsor and Mabou (Visean) 
groups.  Also anomalous are three long narrow belts of "basement" 
rocks, together with minor, semi-ductile mylonite and voluminous 
chloritic microbreccia, which are separated from the conglomerate-
dominated sequences by faults.  The angular relations between the 
cataclastic rocks and the thick dipping conglomerate units, combined 
with incorporation of cataclasite clasts in conglomerate, the 
mineralization type, and evidence of dip-slip faulting, all suggest an 
extensional milieu, where listric normal faults outline detachment 
allochthons.  Allochthon geometry requires two stages of extension, the 
older formed in early Windsor Group time and including most of the 
island, and the younger formed in Mabou Group time and including 
two smaller, oppositely directed domains.  Domino-style upper-plate 
faulting in the younger stage repeated the older-stage basement-
detachment-conglomerate geometry to form the observed narrow belts.  
Re-rotation of older sequences in the younger stage locally overturned 
Horton and Glenkeen sequences. 
We consider that these features developed within a broad zone of 
Carboniferous dextral oblique convergence of the Avalonian and 
Meguma terranes.  Hence, the earlier extensional features in Isle 
Madame likely formed in a transtensional basin within a transpressional 
regime, although master transcurrent faults are not exposed.  We 
consider all the observed features to be predictable as a negative flower 
structure develops and broadens, and such relations have been observed 
elsewhere.  By Mabou Group time, the context of second-stage features 
on Isle Madame may have been more purely extensional. 
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CANADA'S OIL AND GAS RESOURCES - MADE 
YESTERDAY, HERE TODAY, GONE TOMORROW?  

FOWLER, M.G., Geological Survey of Canada, Natural 
Resources Canada, 3303-33rd St. NW, Calgary, AB, T2L 2A7, 
mfowler@nrcan.gc.ca, and RIEDIGER, C.L., Department of 
Geology and Geophysics, University of Calgary, Calgary, AB, 
T2N 1N4 

Petroleum has been exploited for hundreds of years in Canada, from 
utilisation of bitumen and oil seeps by the First Nations and early 
settlers, to the first commercial well in North America at Oil Springs, 
Ontario in 1858, to the major discoveries in Western Canada in the 
middle of the twentieth century and the present day offshore industry.  
In 2001, Canada was the world’s third largest natural gas producer and 
eleventh largest oil producer.  A number of prerequisites (i.e. a 
‘petroleum system’) are required for economic quantities of oil and gas 
to be present.  These include a mature source rock, a migration 
pathway, a reservoir, and a trap with a good seal, and all of these 
elements need to be in place at the right time.  While this has occurred 
in many of Canada’s basins, historically, the bulk of Canadian 
hydrocarbon production has been from the Western Canada 
Sedimentary Basin (WCSB).  This area contains the world’s largest 
hydrocarbon accumulation, the Athabasca tar sands, the residue of an 
even larger conventional oil accumulation that was microbially 
degraded.  It is becoming harder to find additional conventional oil and 
gas reserves in Western Canada despite record drilling levels, and 
production is predicted to decline in the coming decade.  However, this 
basin is also thought to contain abundant unconventional resources that 
will be come more important in the future such as coalbed methane, 
shale gas and the tar sands.  Environmental considerations will play an 
important role in the exploitation of these resources.  Over the last 
decade, the Atlantic offshore has also become a significant producing 
area with oil from Hibernia and Terra Nova, and gas from Sable Island.  
In the future there will be more emphasis on frontier areas including 
additional Atlantic offshore areas, possibly the Pacific if the 
moratorium on exploration is lifted, and the north including the 
Mackenzie Corridor and Delta, and the Arctic Islands.  Exploration in 
frontier regions will pose significant economic, and in some cases 
environmental, challenges. 
 
POTENTIAL PETROLEUM SYSTEMS IN THE LABRADOR 
AND BAFFIN SHELF AREAS, OFFSHORE EASTERN 
CANADA  

FOWLER, M.G., mfowler@nrcan.gc.ca, STASIUK, L.D., 
Natural Resources Canada, Geological Survey of Canada 
Calgary, 3303-33rd St. NW, Calgary, AB, T2L 2A7, and AVERY, 
M., Natural Resources Canada, Geological Survey of Canada 
Atlantic, 1 Challenger Drive, Dartmouth, NS, B2Y 4A2 

Between 1971 and 1983, 31 wells were drilled on the Labrador Shelf 
and southeast Baffin Shelf area of Canada's Atlantic offshore.  This 
activity resulted in seven significant discoveries of mostly light oil and 
gas.  Subsequent activity in this area was low until recently, prompting 
a reassessment of its petroleum potential.  Here we use new data 
obtained from organic geochemical and organic petrological analysis of 
DST liquids and cuttings to comment on possible source rocks and 
what this implies about the nature of potential reserves. 
Liquids from DSTs were obtained from Bjarni, Gudrid, Hopedale, 
North Leif and Snorri wells drilled on the Labrador Shelf, and from 
Hekja on southeast Baffin Shelf.  These are mostly unbiodegraded light 
oils with North Leif being much more waxy oil than the others, 
reflecting its lower gravity.  All of these samples have high 
pristane/phytane ratio (>3) indicating that they were sourced from 
intervals deposited under relatively oxidising conditions, probably with 
a major contribution of terrestrial organic matter.  The Hopedale oil is 
more mature than the other samples, being generated in the later part of 
the oil window while the others were likely generated at lower 
maturity.  These oils do not appear to have the same source as a heavily 
biodegraded seep sample from Scott Inlet, northeast Baffin Island, 
which is possibly related to the Cretaceous-sourced Greenland seeps. 

Rock-Eval analysis of Labrador Shelf wells to date, indicate that the 
best potential source rocks occur in the Lower Cretaceous Bjarni 
Formation at Herjolf and North Leif.  At Herjolf this unit has a 
thickness of at least 500 m with an average TOC content of about 5% 
and contains Type III/II and III kerogen.  The maturity of the upper to 
lower Cretaceous at these locations ranges between about 0.40 to 0.70-
0.80 % vitrinite reflectance.  In the south east Baffin Shelf area, the 
only potential source rocks occur at Hekja and Raleigh with ~100 m of 
early to middle Eocene- Late Paleocene coaly siliclastics and coals 
containing Type III and liptinite enriched Type II-III kerogens.  
Vitrinite reflectance of Pliocene to early Paleocene strata ranges is 0.22 
to 0.28% and from 0.55 to 0.72% for Eocene to Paleocene units.  The 
type of organic matter in the source rocks is prone to significant gas- 
(condensate) generation at the observed maturity, suggesting that these 
or similar units are the source rocks of hydrocarbons discovered in this 
area. 
 
SOIL BIODIVERSITY INDICATOR – CONCEPTUAL 
FRAMEWORK FOR REGIONAL SCALE REPRESENTATION  

FOX, C.A., Agriculture and Agri-Food Canada, Harrow, ON, 
N0R 1G0, foxc@agr.gc.ca, JARVIS, I., Agriculture and Agri-
Food Canada, Ottawa, ON, K1A 0C6, and JOSCHKO, M., 
Leibniz-Zentrum für Agrarlandschafts- und 
Landnutzungsforschung (ZALF), Müncheberg, Germany D-
15374 

Soil biota are essential for maintaining the functioning of soil with 
respect to formation of soil structure, suppression of pathogens and 
pests, dissemination and decomposition of organic residues, breakdown 
of chemicals and amendments and sequestration of soil carbon.  There 
is increasing recognition of the need to develop indicators about soil 
biodiversity to be able to assess the response of soil biota populations 
to environmental and anthropogenic stressors and pressures, 
particularly in response to potential changes in land use resulting from 
economic policy decisions.  Yet, for Canada, comprehensive data about 
the distribution of soil biota across Canada's various agroecosystems is 
not available to provide distribution maps for such assessments of 
potential population changes.  However, much information is known 
about relationships and responses to land use and management 
practices from experimental field studies that can be incorporated into 
predictive modelling approaches to facilitate potential population 
assessments at regional scales.  A modelling approach will be presented 
based on determining significant relationships with existing inherent 
environmental factors that characterize a given region to determine a 
potential population distribution, that is the Inherent Biophysical 
Response (IBR).  This potential will then be assessed in terms of 
reponse to anthropogenic impacts from land use.  Benefits and 
challenges of this approach will be discussed in relation to developing 
indicators of soil biodiversity at regional scale for Canada. 
 
FLUID FLOW AND MINERALISATION IN THE ARMAGH-
MONAGHAN GOLD BELT, NORTHERN IRELAND.  

FOX, N., WILKINSON, J., Department of Earth Science and 
Engineering, Royal School of Mines, Imperial College London, 
SW7 2AZ, UK, BOYCE, A., Scottish Universities Environmental 
Research Centre, East Kilbride, Glasgow G75 0QF, Scotland, 
EARLS, G., O’PREY, M., Geological Survey of Northern 
Ireland, Colby House, Stranmillis Court, Belfast BT9 5BF, 
Northern Ireland, SHEPHERD, T., British Geological Survey, 
Nicker Hill, Keyworth, Nottingham, NG12 5GG, UK and 
FURLONG, D., Conroy Diamonds and Gold P.l.c, 10 Upper 
Pembroke Street, Dublin 2, Ireland 

Anomalous gold is observed within pyrite associated with quartz-
carbonate veins developed in brittle-ductile shear zones within Lower 
Palaeozoic greywackes of the Longford-Down Inlier, Co. Armagh, 
Northern Ireland.  The area is currently being explored by Conroy 
Diamonds and Gold P.l.c., and to date two bedrock gold occurrences 
have been identified at Cargalisgorran (discussed in this study) and at 
Tivnacree, both in Co. Armagh. 
Significant gold mineralisation is also known from the Caledonian 
basement of the Sperrin Mountains to the north, including the deposits 
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of Curraghinalt and Cavanacaw.  This mineralisation is believed to be 
mainly Caledonian in age (Parnell et al., 2000) but evidence of late-
stage (Carboniferous) gold remobilisation by low temperature, high 
salinity fluids within the Curraghinalt deposit has highlighted the 
potential for gold mineralisation from downward penetrating basinal 
brines (Wilkinson et al., 1999).  This study aims to evaluate the genesis 
and remobilisation of inferred Caledonian aged gold from auriferous 
vein generations in the Cargalisgorran prospect using mineralogical and 
fluid inclusion studies. 
Two distinct fluids have been identified at Cargalisgorran through 
microthermometry: i) an early, low salinity (0-5 wt. % NaCl equiv.), 
high temperature (homogenisation temperatures between 200-260°C) 
fluid associated with the auriferous vein stage, and ii) a late stage, high 
salinity (20-26 wt.% NaCl equiv.) low temperature (homogenisation 
temperatures between 120-160°C) fluid associated with sphalerite ± 
galena ± chalcopyrite mineralisation. 
The character of this early low salinity, high temperature fluid is 
similar to mesothermal ore fluids at the Tullybuck-Lisglassan gold 
deposit, along strike from Cargalisgorran, across the border in the 
Republic of Ireland (Steed and Morris, 1997.  The late stage fluid is 
typical of the low temperature basinal brines that are widespread in the 
base metal deposits of the Irish Midlands (Everett et al., 1999a, 1999b) 
and provides permissive evidence for Carboniferous brine interaction in 
the area. 
Through comparisons with the published fluid chemistry from the 
Sperrin Mountains gold prospects, the potential for a similar 
metallogenic evolution in the Armagh-Monaghan area will be further 
assessed.  Identification of remobilisation of early formed gold by 
Carboniferous basinal brines would be significant, as Carboniferous 
rocks in the overlying cover represent potential hosts for late stage gold 
mineralisation. 
 
STRATIGRAPHY, GEOCHEMISTRY AND DEPOSITIONAL 
ENVIRONMENTS OF MESOARCHEAN SEDIMENTARY 
UNITS IN WESTERN SUPERIOR PROVINCE:  
IMPLICATIONS FOR GENERATION OF EARLY CRUST  

FRALICK, P. and KING, D., Department of Geology, Lakehead 
University, Thunder Bay, ON, P7B 5E1, 
philip.fralick@lakeheadu.ca 

Past studies by various workers have emphasized that many 
Mesoarchean sedimentary-volcanic assemblages in western Superior 
Province have attributes, such as maturity of detritus and stratigraphic 
patterns, which differentiate them from the Neoarchean supercrustal 
units of the province.  This study examines two of these units, 
greenstone belts in the Atikokan region of Ontario and the Wallace 
Lake area of Manitoba, to ascertain if detailed sedimentological and 
geochemical evidence can aid in deciphering how these older units 
formed.  The data consists of field-based sedimentological studies, ICP-
AES analyses conducted on medium-grained sandstone samples and 
TIMS detrital zircon U-Pb geochronology.  This data set, plus research 
on the igneous geochemistry by other workers, suggests that formation 
of the supercrustal succession in the Atikokan area began with eruption 
of ocean plateau basalts.  These were intruded, synchronous with 
eruptive activity, by tonalitic batholiths which fed intermediate to felsic 
volcanic cones and associated mass-flow aprons.  The sedimentary 
succession capping the volcanic pile records stream induced channel 
erosion into upraised basalt and tonalite, feeding sediment to a 
prograding shoreline complex.  Base-level rise caused the incised 
channels to backfill, stromatolitic carbonates to develop in the shallow 
areas, and finally with continuing subsidence, deposition of iron 
formation to dominate.  The km-thick assemblage of sedimentary rocks 
in the Wallace Lake area records a transgressive transition from fluvial 
to delta-front to prodelta turbiditic environments, with eventual 
siliciclastic starvation leading to dominance by carbonate and iron 
formation deposition.  Sedimentary rocks capping the oceanic, 
Cretaceous to Recent Kurguelen Plateau are a direct analogue for the 
depositional environments, sedimentary source rocks and drowning 
events which define the stratigraphy of the Mesoarchean successions 
studied.  The Mesoarchean ocean plateau in the Atikokan area formed 
and actively grew during an interval of 230 My.  This produces serious 
problems for Mesoarchean tectonic models in which increased heat 

dissipation produces fast spreading or numerous spreading ridges.  A 
Mesoarchean mantle plume dominated heat dissipation process is in 
much better agreement with the data presented here. 
 
RELATIVE MERITS OF WHOLE ROCK GEOCHEMISTRY, 
ZIRCON GEOCHEMISTRY AND DETRITAL ZIRCON U-Pb 
AGE DETERMINATIONS IN ASCERTAINING PROVENANCE:  
AN EXAMPLE FROM THE 1.5 Ga SIBLEY GROUP, 
NORTHWESTERN ONTARIO  

FRALICK, P., RICHARDSON, A., HOLLINGS, P. Department 
of Geology, Lakehead University, Thunder Bay, ON, P7B 5E1, 
philip.fralick@lakeheadu.ca, and HEAMAN, L., Department of 
Earth and Atmospheric Sciences, University of Alberta, 
Edmonton, AB, T6G 2E3 

The approximately 1.5 Ga Sibley Group is a relatively flat-lying, non-
metamorphosed, redbed succession unconformably overlying 
Paleoproterozoic and Archean rocks in a 1500 sq. km region north of 
Lake Superior.  The lower one third of the km-thick assemblage 
records a semi-arid climatic setting where braided fluvial channel-
floodplain systems, flowing from the north, fed sediment into an 
extensive playa lake.  Samples of medium-grained sandstone were 
collected from the lowermost strandline sandstones through the 
maximum flooding surface to directly under a terra rosa developed 
upon final evaporative demise of the lake.  Additional samples came 
from thin, lithologically similar redbeds overlying Mesoproterozoic, 
HFSE-enriched, felsic igneous rocks north of the main sample area and 
Archean granitic rocks throughout the region.  Major, trace and REE's 
were analysed using an ICP-MS, zircons from two to ten microns in 
diameter were analysed with a SEM-EDS system and detrital zircon U-
Pb age determinations were conducted using a laser ablation, multi-
collector ICP-MS technique.  The majority of zircons from Archean 
granitic rocks sampled have low Hf/Zr ratios, whereas the 
Mesoproterozoic granites and rhyolites contained zircons with 
considerably higher ratios.  This allowed the sedimentary zircons to be 
divided into two groups possibly derived from these two different 
sources.  Whole rock geochemistry indicated that the sandstones were 
enriched in HFSE's above what would be expected of detritus derived 
from Archean rocks in the region and enrichment was higher in the 
sediments overlying the Mesoproterozoic igneous rocks.  A model 
featuring increasing dilution of Mesoproterozoic sourced material by 
Archean detritus as sediment moved southward is a reasonable 
conclusion, though the geochemistry of some sandstone samples 
indicated another source may be involved.  U-Pb detrital zircon 
geochronology did not identify any zircons from the Mesoproterozoic 
igneous source in the southern area sandstones.  Rather, the Hf-
enriched zircons and higher HFSE abundances appear to be the result 
of recycled Paleoproterozoic sand grains from foreland basin sediments 
of the Penokean Orogeny.  This highlights the need to carry out detrital 
zircon geochronology to assess sediment recycling. 
 
THE SOIL LANDSCAPES OF CANADA (SLC) VERSION 3.0:  A 
NEW GENERALIZED SOIL MAP COVERAGE FOR CANADA  

FRASER, W.R., Agriculture and Agri-Food Canada, Land 
Resource Unit, University of Manitoba, Winnipeg, MB, R3T 
2N2, fraserw@agr.gc.ca, KROETSCH, D., Agriculture and Agri-
Food Canada, Ottawa, ON, PADBURY, G., Agriculture and 
Agri-Food Canada, Saskatoon, SK, MONETTE, B., Agriculture 
and Agri-Food Canada, Ottawa, ON, and BRIERLEY, A., 
Agriculture and Agri-Food Canada, Edmonton, AB 

The Soil Landscapes of Canada (SLC) are a set of generalized digital 
soil maps produced by Agriculture and Agri-Food Canada.  These maps 
provide comprehensive soil resource information for all of Canada, at a 
scale of 1:1 Million.  SLC map products have been used for many 
different national and regional applications, including salinity, wind 
and water erosion risk maps, the national peatlands and soil carbon 
inventories, and the Terrestrial Ecostratification of Canada. 
The original SLC maps were a set of paper maps and legend tables 
produced for each region of Canada.  SLC products have continued to 
evolve (from Version 1.0 to 3.0) to serve new applications and to 
recognize new GIS standards. 

61 



The latest version of the Soil Landscapes of Canada, Version 3.0, is 
now available for the agricultural area of Canada.  SLCv3.0 
incorporates several major advances over previous versions.  Soil map 
and base map information, such as water bodies and political 
boundaries, are now stored as discrete GIS layers that are maintained 
and accessed separately.  Many historical detailed soil maps have been 
digitized in the past decade, and new GIS overlay techniques have been 
developed to summarize this information to enhance the SLCv3.0 
polygon descriptions.  In addition, new, more powerful and flexible 
data base models have been developed to link the soil components in 
each polygon to soil attribute information. 
The new SLC Version 3.0 polygon coverage has also served as the 
framework for compiling additional data sets.  This includes land use 
and land management information from the Statistics Canada Census of 
Agriculture, and climatic information from the AAFC Ecodistrict 
Monthly Climate Normals Data Base.  The linkage to the Terrestrial 
Ecostratification System for Canada also permits "scaling up" and 
reporting of information using broader, ecological units. 
The integration of Canadian soil resource data, climate data, and land 
use and management data within a common GIS framework provides a 
new means of developing and evaluating environmental models and 
interpretations at national and broad regional scales.  Two key 
programs using the new data sets are the National Agri-Environmental 
Health and Reporting Program (NAHARP), and the National Carbon 
and Greenhouse gases Accounting and Verification System 
(NCGAVS). 
 
SMALL SAND LENSES, LARGE IMPACTS – THE EFFECTS 
OF GLACIAL GEOLOGY ON SENSITIVE ECOLOGICAL 
FEATURES  

FRIZZELL, R., Earth Scientist, rfrizzell@gartnerlee.com, 
USHER, S.J., Hydrogeologist, and PALMER, R.S., Fisheries 
Biologist, Gartner Lee Limited, 300 Town Center Blvd., Suite 
300, Markham, ON, L3R 5Z6 

Rapid development in sub-urban and rural areas of southern Ontario 
has placed significant pressures on the provinces dwindling natural 
areas.  For example, the impact of construction dewatering and longer-
term development has led to a variety of impacts to shallow aquifers, 
wetlands and surface water features such as headwater streams.  The 
key to preventing and mitigating impacts to the natural environment is 
to develop a strong geological framework that can be used to predict 
groundwater and surface water interactions.  This requires an 
understanding of glacial depositional systems and the variability that 
can exist within these sediments.  Determining the natural function of 
glacial deposits requires a combination of geology, hydrogeology, 
fisheries biology and terrestrial ecology.  Discrete or small-scale 
permeable quaternary sediments are important sources of groundwater 
baseflow to streams and wetland habitat.  Protection of significant 
ecological features is required under the Ontario Provincial Policy 
Statement and potentially under the proposed Drinking Water Source 
Protection Act, which is primarily designed to protect groundwater 
resources.  The health of sensitive natural areas and quality of the 
groundwater, however, are directly related. 
In many cases the surficial till and fine lacustrine sediments covering 
much of southern Ontario inhibit rapid groundwater movement.  Only 
where permeable surficial and/or shallow buried sand to sand and 
gravel deposits are present within the till cover is there localized lateral 
groundwater flow to creeks and wetlands.  Subtle variability in 
Quaternary stratigraphy, however, makes it difficult to accurately 
predict the geology between adjacent geotechnical and exploration 
boreholes.  Discrete sand lenses on the scale of 100 m by 200 m is size 
for example, are often missed by boreholes and almost certainly not 
predicted by large-scale groundwater models.  Yet, these small deposits 
have been shown to support important or threatened aquatic and 
terrestrial habitat.  In addition to geological investigations, detailed 
field studies of the local aquatic environment and terrestrial plant 
species provide important clues as to the presence of discrete, 
permeable geological features.  Using these combined studies it is 
possible to predict and map the distribution of these glacial deposits. 

By examining several high profile construction projects as case studies, 
we can demonstrate how impacts to the natural environment can be 
predicted and avoided using a multidisciplinary field investigation. 
 
THE ROLE OF LA-ICP-MS IN EARTH AND 
ENVIRONMENTAL SCIENCE:  PAST, PRESENT AND 
FUTURE  

FRYER, B.J., bfryer@uwindsor.ca, and GAGNON, J.E., Great 
Lakes Institute for Environmental Research, University of 
Windsor, Windsor, ON, N9B 3P4 

The coupling of a laser-ablation (LA) sampling system to an 
Inductively Coupled Plasma-Mass Spectrometer (ICP-MS) produced a 
relatively simple and inexpensive multi-element, high sensitivity trace-
element microbeam analytical system with characteristics ideally suited 
to research in earth and environmental sciences. 
Early (1985-1992) LA-ICP-MS systems coupled solid state lasers 
operating at their fundamental wavelengths (e.g. Nd:YAG @ 1064nm) 
with first generation ICP-MS instruments (sensitivities of 106 cps/ppm 
in solution mode and backgrounds at high masses of 5-40 cps).  Initial 
studies, which focused on measuring trace elements at the ppm level in 
minerals that ablated reasonably well at the available laser 
wavelengths, showed the tremendous potential of the technique and the 
relatively simple and robust calibration protocols available for many 
elements.  This work was rapidly followed by the demonstration of 
moderate precision in situ isotopic analyses of Pb for potential use in 
geochronological and isotopic tracer studies. 
LA-ICP-MS analytical capabilities have been continuously improved 
since these early systems, with major advances in both laser sampling 
devices and ICP-MS analyzers.  The main emphasis in LA 
developments has been to utilize lasers with wavelengths in the UV 
(266nm and shorter) and manipulate the laser optics to provide uniform 
energy density at the ablation surface.  These improvements have 
enabled successful and controlled sampling of almost all minerals and 
solids, minimized element fractionation and permitted sampling at 
spatial scales from a few to 100s of microns.  The original quadrupole 
ICP-MS analyzers have likewise been improved through increases in 
sensitivity, stability and linear dynamic range.  Current instruments are 
200-2000 times more sensitive than first generation instruments with 
similar or even substantially lower backgrounds.  The combination of 
the above improvements and others have reduced detection limits for 
most elements by three orders of magnitude making in situ 
measurements of heavy trace elements at the ppb level routine in most 
solids.  Improvements in traditional radiogenic isotopic applications 
have been equally impressive, with the introduction of high resolution 
magnetic sector ICP-MS instruments including multi collector (MC) 
instruments.  With the ability of the inductively coupled plasma to 
easily ionize almost all metals, MC-ICP-MS instruments are now the 
most versatile high precision isotopic analyzers available and have 
opened up essentially new areas of research in heavy element stable 
isotope geochemistry. 
Future developments, particularly in laser sampling, will likely make 
LA-ICP-MS systems even more powerful tools in earth and 
environmental science research, including for measuring major element 
distributions/compositions. 
 
THE TRANSFORM-RIFTED MARGIN IN DAVIS STRAIT 
BETWEEN BAFFIN ISLAND AND GREENLAND:  WHAT 
HAPPENS WHEN A PLUME MEETS A TRANSFORM  

FUNCK, T., tf@geus.dk, Geological Survey of Denmark and 
Greenland, Øster Voldgade 10, 1350 Copenhagen K, Denmark, 
GERLINGS, J., Niels Bohr Institute, University of Copenhagen, 
Copenhagen, Denmark, JACKSON, H.R., Geological Survey of 
Canada (Atlantic), Dartmouth, NS, LOUDEN, K.E., Dept. of 
Oceanography, Dalhousie University, Halifax, NS, and 
KLINGELHÖFER, F., Ifremer, Brest, France 

The transform-rifted margin in Davis Strait links Labrador Sea to the 
south with Baffin Bay to the north.  Davis Strait is of major scientific 
interest because Paleocene volcanic rocks in that area were among the 
first products of the Iceland mantle plume.  Volcanic style margins in 
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Davis Strait turn into essentially non-volcanic margins farther south in 
Labrador Sea.  This poses a fundamental question regarding the lateral 
extent and distribution mechanisms of plume material.  Another point 
of interest is the composition of the crust in Davis Strait (oceanic vs. 
continental), which has been a matter of debate in the past.  To address 
these questions and to map the structure beneath the Paleocene basalts, 
the NUGGET refraction seismic experiment was carried out in 2003.  
Line 1 is a 620-km-long East-West transect running from southern 
Baffin Island to Nuuk, Greenland, crossing four exploration wells.  
Line 2 is a 185-km-long North-South transect running from Davis 
Strait into Labrador Sea, where it lies within the transitional crust of the 
Greenland margin.  The P-wave velocity model of line 1 shows up to 6-
km deep sedimentary basins on top of the Paleocene basalts.  The basalt 
unit is up to 4 km thick and is locally interbedded with sediments (e.g., 
at the Gjoa well).  Most of the crust along line 1 displays a continental 
composition.  On the Canadian side, two crustal layers could be 
identified, while the Greenlandic continental crust is divided into three 
layers.  Close to the coast, the crustal thickness is >20 km.  However, in 
the central part of the line, the crust has thinned to 7 to 10 km.  Within 
the Ungava fault zone (UFZ), a different velocity structure was 
encountered with velocities between 5.4-6.2 km/s in the 2-km-thick 
upper layer, and ~6.9 km/s in the 5-km-thick lower layer.  These 
velocities are compatible with oceanic crust.  Based on potential field 
data, this 110-km-wide zone of oceanic crust narrows to the north.  A 4 
to 8-km-thick high-velocity layer (7.4 km/s) is found both beneath the 
UFZ and beneath the thinned continental crust.  This layer is 
interpreted as magmatic underplating, related to spreading of plume 
material along lithospheric thin spots.  The UFZ may have acted as a 
leaky fracture zone.  Line 2 displays a lateral change of velocity 
structure, with continental crust and underplating in the north.  In the 
south, 14-km-thick igneous crust indicates that a volcanic style margin 
continues to the south of Davis Strait. 
 
METALLOGENY OF THE ARCHEAN ABITIBI BELT:  NEW 
INSIGHTS FROM SPATIAL AND TEMPORAL 
DISTRIBUTIONS OF ORE DEPOSITS IN QUEBEC  

GABOURY, D., dgaboury@uqac.ca, DAIGNEAULT, R. and 
MUELLER, W., Centre d’Études sur les Ressources Minérales 
(CERM), Université du Québec à Chicoutimi, QC, Canada, G7H 
2B1 

The age, ore-type, grade and tonnage of ore deposits were compiled 
and integrated with tectonic models in order to draw major tendencies 
for regional metallogeny of the Abitibi belt.  The Abitibi belt, divided 
in southern (SVZ) and northern volcanic zones (NVZ), is composed of 
volcanic cycle-1 (2735-2725 Ma) and cycle-2 (2720-2705 Ma) in the 
NVZ, and volcanic cycle-3 (2703-2698 Ma) in the SVZ.  The E-
trending Porcupine-Destor-Manneville Fault (PDMF) separates the 
NVZ and SVZ and the Cadillac-Larder Lake Fault (CLLF) defines the 
southern boundary of the SVZ. 
Four metals were extracted from two genetic types: volcanogenic Cu, 
Zn, Ag, Au and orogenic-related Au-Ag deposits.  Volcanogenic 
deposits include syngenetic VMS and gold-rich VMS deposits but also 
sulfide-rich, quartz gold-bearing veins and Cu-Au-bearing sulfide veins 
of the Chibougamau-Chapais district.  These are genetically associated 
with felsic volcanic edifices.  Orogenic gold deposits include 1) quartz-
carbonate vein deposits and 2) sulfide dissemination, quartz-carbonate 
stockworks.  The former occur as vein fields of regional extent 
distributed along the CLLF and PDMF.  The latter are associated with 
late alkaline magmatism occurring in the CLLF, PDMF and NE-
trending Lamark Fault (e.g. Lac Shortt and Bachelor mines). 
The different tectonic zones and volcanic cycles display a clear 
asymmetric distribution of ore deposit types, quantity and tonnage.  
The SVZ contains 197 Mt of VMS-type ore (Noranda: 132 Mt, 
Bousquet: 95 Mt, Val-d’Or: 49 Mt) in comparison with 137 Mt for the 
NVZ.  Moreover the SVZ accounts for 10X the gold tonnage from 
orogenic deposits (1320 T in SVZ versus 108 in NVZ) in spite of a 10X 
smaller surface.  In addition, mineralization is widespread in the SVZ 
whereas it occurs as local clusters in the NVZ.  For NVZ, volcanic 
cycle-1 fertility (116 Mt) is higher that cycle-2 (21 Mt).  Cycle-2-
related VMS occur along the NE-Lamark fault corridor (Langlois, 
Coniagas, Abcourt).  The Chibougamau-Chapais district, formed 

during cycle-2, is unique in terms of Cu-Au sulfide vein ores and the 
superposed synvolcanic intrusions and extensive ultramafic Cumming 
sills suggest a local high heat source. 
A plume model for the SVZ, involving higher and long-lived heat flow, 
is consistent with the wide-spread mineralization and abundance.  In 
the NZV, the Lamark Fault may represent a rift zone in the NVZ 
associated with cycle-2 volcanism and VMS formation, and a later 
anisotropy for alkaline-related orogenic gold mineralization.  The rift 
may have played an important role for the generation of the 
Chibougamau-Chapais mineralization. 
 
CHEMICAL, TEXTURAL, AND AGE VARIATION OF 
MONAZITE IN THE PALEOPROTEROZOIC LONGSTAFF 
BLUFF FORMATION, CENTRAL BAFFIN ISLAND, NUNAVUT  

GAGNÉ, S.1, sgagne@eps.mcgill.ca, JAMIESON, R.A.2, 
MACKAY, R.A.2, WODICKA, N.3 and CORRIGAN, D.3,  1 Earth 
and Planetary Sciences Dept., McGill Univ., 3450 University 
Street, Montreal, QC, H3A 2A7, Canada,  2 Department of Earth 
Sciences, Dalhousie Univ., Halifax, NS, B3H 3J5, Canada,  3 

Geol. Survey of Canada, 615 Booth Street, Ottawa, ON, K1A 
0E9, Canada 

Textural and chemical characterization and U-Th-Pb chemical dating 
by electron microprobe (EMP) were carried out on monazite in the 
Paleoproterozoic (ca. 1.92-1.90 Ga) Longstaff Bluff Formation (LBF), 
central Baffin Island, Nunavut.  Monazite is present throughout the 
prograde metamorphic sequence, which ranges from upper greenschist 
facies in the north to granulite facies in the south.  Upper greenschist 
facies rocks contain small but widespread metamorphic grains, and 
monazite size and abundance increase with metamorphic grade.  
Chemical zoning is generally weak in low- to medium-grade samples.  
The transition from the Sil-Kfs zone to the migmatite zone coincides 
with a significant increase in monazite size and abundance; monazite in 
migmatites is also strongly zoned in U, Th and Y.  Concentrations of 
HREE, Ca, Si, Th, U, and Y increase with metamorphic grade, while 
LREE content decreases.  Sharp changes in monazite composition, 
notably a steep increase in Y content, are observed at the transition 
from the Sil-Kfs zone to the migmatite zone; highly resorbed garnet is 
reported from this transition.  However, a spread in element ranges at 
higher grade suggests that factors other than metamorphic grade also 
control monazite composition. 
U-Th-Pb chemical dating by EMP, in combination with textural and 
chemical data, revealed several distinct age populations within the LBF 
monazites.  Possible detrital grains (pre-1900 Ma) were identified and 
growth of metamorphic monazite was constrained to ca. 1880 Ma (E1), 
1850 Ma (E2), 1830 Ma (E3), 1800 Ma (E4) and 1770 Ma (E5).  These 
results correlate well with available U-Pb isotopic ages.  The spatial 
distribution of the chemical ages suggests northward-younging 
metamorphism during E2 and E3, which are mainly recorded in high-
grade rocks in the south.  E4 has been documented throughout the 
region and E5 is mainly recorded in low-grade rocks in the northern 
part of the study area.  The significance of E1 is not clear, although it is 
similar to isotopic ages for granite emplacement (1897+7/-4 Ma) and 
regional metamorphism (ca.1877-1874 Ma).  E2 predates growth of 
cordierite and likely corresponds to development of the S1 fabric.  E3 is 
pre- to syn-garnet growth.  Petrological and chemical data from E4 
monazites suggest that they grew during partial melting of the LBF; 
older monazite grains were locally recrystallized during this event.  E5 
monazite grew during or after the formation of the S2 fabric. 
 
HYDROTHERMAL HFSE-REE MINERALIZATION IN THE 
STRANGE LAKE PLUTON, QUEBEC-LABRADOR, CANADA – 
A RE-EVALUATION  

GAGNON, J.E., jgagnon@eps.mcgill.ca, WILLIAMS-JONES, 
A.E., McGill University, Montreal, QC, H3A 2A7, SAMSON, 
I.M. and FRYER, B.J., University of Windsor, Windsor, ON, 
N9B 3P4 

Concentration of HFSE and REE in the Strange Lake pluton by 
secondary, hydrothermal processes is well documented, and the effects 
of this alteration on whole rock composition are particularly evident in 
hematized rocks (e.g., Salvi and Williams-Jones 1990, 1996).  New, 
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petrographic examination and LA-ICPMS analysis of hematized 
granitic pegmatite indicates that arfvedsonite (magmatic in origin) and 
aegirine (product of an early hydrothermal event) were replaced by 
quartz, hematite, and gittinsite.  Previously, gittinsite had only been 
identified as a replacement of other zirconosilicate minerals (elpidite 
and armstrongite). 
Conserving Si and Fe in the solid phases, the replacement of 
arfvedsonite and aegirine can be represented by the following reactions: 
1) Na3Fe4

2+Fe3+Si8O22(OH)2 + Ca2+(aq) + Zr2+(aq) + 3.25 O2 ⇔ 
CaZrSi2O7 + 6SiO2 + 2.5Fe2O3 + 3Na+(aq) + H2O 

2) 2NaFe(SiO3)2 + Ca2+(aq) + Zr2+(aq) + O2 ⇔ CaZrSi2O7 + 2SiO2 + 
Fe2O3 + 2Na+(aq) 

The molar volume of arfvedsonite (916 cm3) is smaller than the 
cumulative molar volume of the products in reaction 1 (1705 cm3), 
indicating that some components (e.g., SiO2) were likely removed 
during replacement.  The molar volume of two aegirine (856 cm3) 
slightly exceeds the cumulative molar volume of the products in 
reaction 2 (802 cm3) and would produce minor void space, which is 
present in the rocks. 
Chondrite-normalized REE plots for arfvedsonite and aegirine are 
characterized by relatively flat LREE and MREE (1 to 100 times 
chondrite), enriched HREE (100 to 1000 times chondrite) and negative 
Eu anomalies (1 to 2 orders of magnitude).  Gittinsite has similar LREE 
abundances and negative Eu anomalies, suggesting that alteration did 
not result in dilution/enrichment or differential fractionation of these 
elements.  Gittinsite MREE and HREE patterns are similar but 
concentrations are enriched (2000 to 3000 times chondrite) relative to 
arfvedsonite and aegirine.  Changes in average HFSE concentrations 
between arfvedsonite or aegirine and gittinsite are similar and range 
from minor depletion (2 times for Ti) to significant enrichment 
(approximately 65 times for Hf and 82 times for Zr). 
Replacement of minerals with relatively low Ca and Zr concentrations 
(arfvedsonite and aegirine; < 0.5 wt. % CaO and < 2000 ppm Zr), by 
gittinsite (~ 15.5 wt. % CaO and ~ 14.7 wt. % Zr) requires enrichment 
of these elements in the hematized rocks relative to unaltered granitic 
pegmatites.  The absence of precursor Ca-zirconosilicates in some 
hematized rocks indicates that enrichment occurred as a result of 
hydrothermal addition, rather than localized redistribution of elements. 
 
GOLD POTENTIAL IN CALEDONIDES OF SOUTHEAST 
IRELAND  

GALLAGHER, V., and STANLEY, G., Geological Survey of 
Ireland, Beggars Bush, Haddington Road, Dublin 4, Ireland, 
Gerry.Stanley@gsi.ie 

Small gold occurrences are known from the Caledonides of Southeast 
Ireland.  Recent exploration by both major and junior companies has 
increased the number of known bedrock occurrences.  The Geological 
Survey, in attempting to highlight the potential for gold, has used a data 
driven approach applying a weights of evidence GIS approach. 
The weights-of-evidence approach involves calculating the statistical 
association between known mineral deposits (“training sites”) and 
geological features, such as rock type, faults and geochemical 
anomalies, and thereby producing a model that predicts the locations of 
similar deposits elsewhere in the study region.  The greater the number 
of known deposits that can be employed as training sites, the better the 
weights-of-evidence statistics will be.  Locations of the deposits were 
plotted in ArcGIS along with features associated with each deposit 
type.  Weights-of-evidence calculations were carried out using the 
Spatial Data Modeller extension developed for ArcView and Spatial 
Analyst. 
The data-driven nature of the exercise is clearly reflected in the 
resulting models.  The gold model reflects the strong control of known 
bedrock gold deposits by particular lithological units, notably 
Ordovician siltstone formations and volcanic rocks, as well as the 
location of stream sediment Au anomalies.  Regional fault zones have 
less influence on the final model.  The limited number of known 
deposit localities (training sites) restricted to only a few geological 
units increases the statistical uncertainty in the model. 
 

MUSSEL PROCESSING WASTE AS A SOIL AMENDMENT:  
INCREASING NUTRIENT AVAILABILITY BY STABILIZING 
WITH HYDRATED LIME INSTEAD OF COMPOSTING  

GALLANT, T.L.1, tlgallant@agr.gc.ca, MACLEOD, J.1, 
GORDON, R2, BLANCHARD, J.2 and GRIMMETT, M.1,  1 

Agriculture and Agri-Food Canada, Crops and Livestock 
Research Centre, 440 University Ave., Charlottetown, PE, 
Canada, C1A 4N6;  2 Nova Scotia Agricultural College, 
Department of Engineering, P.O. Box 550, Truro NS, Canada, 
B2N 5E3 

Mussel processing waste (MPW) is often treated as landfill or casually 
applied to land; wasteful of crop nutrients.  The leachate problems 
associated with even short-term storage make direct application to land 
difficult.  Work was initiated to develop a stabilization protocol for 
MPW via addition of hydrated lime (Ca(OH)2), and assess the 
performance of this material on radish and oat crops.  Indoor 
experiments assessed stabilization through degree of liquefaction, 
change in pH, and evolution of CO2.  For measurement of liquefaction 
and pH, Ca(OH)2 was combined with fresh MPW at 1, 5, and 10% 
(w:w), with a control of no lime added.  For measurement of CO2 
evolution, fresh MPW was combined with 2% Ca(OH)2 (w:w) and 
compared to fresh and liquid fraction MPW and liquid hog manure.  All 
materials were contained in 20 litre plastic containers, with variables 
measured after 7 days.  Liquefaction (g l-1) was 89, 45, 7.5, and 0, for 
the control, 1, 5, and 10% treatments, respectively.  The 10 and 5% 
treatments had significantly (p<0.05) higher pH (10.7 and 11.7), in 
comparison to the 1% and control treatments (5.5 and 5.9).  The lime-
treated MPW emitted significantly (p&lt0.05) less CO2 (1.22 g l-1 d-1) 
than the fresh (2.95) and liquid (5.02) MPW.  Field trials compared nil 
(control) with 16 t ha-1 equivalent of fresh, liquid fraction, composted, 
and lime-stabilized MPW (Ca(OH)2 2% w:w) in terms of radish and oat 
yield and N uptake by radish.  The experiment was a split-plot design 
with 4 replicates; N was broadcast at planting (0 and 50 kg ha-1).  Oat 
DM yield (t ha-1) was significantly (p<0.05) higher with limed (4.51), 
liquid (4.29), and composted (4.22) compared to fresh (3.91) and 
control (3.58).  Composted and control had significantly (p<0.05) 
higher oat yield with N.  Radish N uptake (kg ha-1) was significantly 
(p<0.05) higher with limed (74.9), fresh (72.6), and liquid (64.4) 
compared to composted (48.0) and control (45.1).  Oat and radish yield 
was similar between lime-stabilized and composted MPW.  Adding low 
amounts (1-2% w:w) of Ca(OH)2 can effectively stabilize MPW, as 
measured by reduced CO2 emission and liquefaction, and increased pH 
to levels unfavourable for bacterial growth, while overcoming the 
reduced availability of N commonly associated with stabilization by 
composting. 
 
CALCAREOUS NANNOFOSSILS FROM THE ALPHA RIDGE, 
CANADIAN ARCTIC OCEAN  

GARD, G., Biostratigraphic Associates (Canada) Inc., 45 
Grandview Court, Hammonds Plains, NS, B4B 1K4, 
gunillagard@yahoo.ca 

Nannofossils have proved to be one of the primary tools for 
establishing correlations and absolute chronologies in sediments 
collected from the European part of the Arctic Ocean, but they have not 
been extensively studied in sediments recovered from the Amerasian 
part.  To test the usefulness of nannofossils in the Amerasian Arctic, 
core CESAR-102, collected from the Alpha Ridge in 1983 was 
selected.  This short gravity core has a well known stratigraphy and has 
previously been analyzed for paleomagnetism, planktonic and benthic 
foraminifera, palynomorphs, isotope stratigraphy, and more. 
Nannofossils are present in low abundances through most of the core, 
except in a decalcified interval in sedimentary unit L.  A significant 
amount of the specimens are reworked Cretaceous and older Tertiary 
species.  The remaining species are long ranging or Pliocene-
Pleistocene and most of these are presumed to be in-situ.  No 
specimens of the late Pleistocene nannofossil Emiliania huxleyi that is 
abundant in the uppermost post-glacial sediments in the European 
Arctic were observed.  This is a common species for the last 
approximately 80,000 years and it is blooming in the Barents Sea and 
Bering Strait today.  The absence of E. huxleyi suggests that 
postglacial, Holocene sediments were not recovered in CESAR-102.  
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Most nannofossils observed belong to the genus Gephyrocapsa, which 
first appeared in the late Pliocene and is a dominant part of the 
nannoflora until the late Pleistocene.  The lowest occurrence of the 
Pleistocene-restricted Gephyrocapsa caribbeanica occurs at 92 cm.  
Below 92 cm, no Pleistocene restricted species were found. 
The sedimentary regime on the Alpha Ridge is different than the 
regime in the European Arctic Seas.  The European cores all represent 
relatively short time periods or rapid sedimentation and the bulk of the 
sediments recovered are less than 500,000 years old.  In contrast, the 
sediments from CESAR-102 have accumulated slowly and represent 
significantly older times.  The pattern of nannofossil distribution in the 
CESAR-102 core shows that a mixture of in-situ and reworked fossils 
has been deposited simultaneously from ocean currents and ice-rafting. 
 
PEDOGENIC MUD AGGREGATES IN THE JOGGINS CLIFFS, 
NOVA SCOTIA, CANADA:  UNUSUAL PRESERVATION OF 
DRYLAND FLOODPLAIN FEATURES  

GARDINER, J.L., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 3J5, Canada, jlgardin@dal.ca 

Pedogenic mud aggregates are sand- and silt-sized particles composed 
largely of clay flakes, and are commonly formed in modern Vertisol-
type soils during seasonal wetting and drying.  Where the soils are rich 
in smectite, clays expand and shrink seasonally, causing aggregation of 
the flakes under pressure, and the aggregates may be transported as 
fluvial bedload.  A major problem associated with studying mud 
aggregates is their low preservation potential, as they tend to be 
destroyed by compaction during burial.  The presence of calcretes in 
the Pennsylvanian Boss Point Formation near Joggins, suggesting 
semi-arid and seasonal conditions, led to a successful search for 
aggregates using thin sections and the scanning electron microscope 
(SEM). 
Samples from fluvial channel sandstones, crevasse-splay sandstones 
and floodplain mudstones in the upper part of the formation all contain 
preserved aggregates, Although sand-sized aggregates are present, most 
aggregates are typically 10-15 microns in diameter in all three sediment 
types, suggesting a common origin.  The abundance of aggregates in 
these sediments is highly variable, ranging from 10-50%.  Some of the 
best occurrences are concentrated in thin laminae in otherwise 
structureless floodplain mudstones, where they occur with a few silt-
sized grains of quartz and feldspar.  Small aggregates are also 
prominent in large mud fragments within channel sandstones, probably 
eroded from river-bank soils.  Chemical analysis of clays using the 
SEM-EDS and XRD techniques shows a predominance of illite with 
lesser chlorite and kaolinite.  Smectite was not observed but may have 
altered to illite during deep-burial diagenesis. 
The Boss Point is now one of very few formations in the rock record 
that have yielded pedogenic aggregates.  However, many aggregates 
are an order of magnitude smaller than those identified in most 
previous studies.  They are also unusually well preserved within 
floodplain muds, where small aggregates were probably concentrated 
by overbank floods and transported across floodplains and into 
channels.  Aggregate preservation probably reflects early carbonate 
cementation and shielding by silicate grain frameworks in coarser 
sediments, as well as fast burial in the rapidly subsiding Cumberland 
Basin. 
 
CARLIN-TYPE GOLD MINERALIZATION IN THE GASPÉ 
APPALACHIANS, QUÉBEC, CANADA:  
LITHOGEOCHEMICAL AND PETROGRAPHIC EVIDENCE  

GARNIER, V.1, Virginie_Garnier@inrs-ete.uquebec.ca, MALO, 
M.1, DUBÉ, B.2 and CHAGNON, A.1,  1 INRS-ETE, 490 rue de la 
Couronne, Québec, QC, G1K 9A9, 2 GSC-Québec, 490 rue de la 
Couronne, Québec, QC, G1K 9A9 

In the southern Gaspé Appalachians, gold and copper mineralizations 
are spatially associated with the Acadian dextral strike-slip Grand 
Pabos-Restigouche fault system.  At Saint-André-de-Restigouche, the 
Sb-Au-As prospect comprises two extension veins hosted by calcilutite 
and laminated silty and argillaceous limestones of the Early Silurian 
part of the White Head Formation.  It is enclosed in a large halo of 

propylitic alteration characterized by illite, kaolinite and smectite, and 
the presence of dyke swarms. 
The veins are composed of drusy quartz fibers (40-50%), stibnite (30-
35%) and arsenopyrite (5%).  Carbonates are also present (10-15%) in 
millimetric to centimetric altered angular fragments of the host-rocks 
containing arsenopyrite and framboidal pyrite.  The mineralization is 
mainly confined to the veins.  Grades average 6 g/t Au with the best 
values reaching 39 g/t.  The host-limestone is silicified along the 
contact with the veins over 2.5 m with local massive silica replacement.  
Stockwork of quartz veinlets (1 to 2 m thick) is also developed within 
the limestone.  This silicification shares analogies with the jasperoids of 
Carlin-type deposits.  The silicified limestone contains up to 90% of 
silica with clay minerals, and arsenopyrite and pyrite (1-5%).  At a 
higher distance from the vein, the host-rock is carbonatized with up to 
95% of carbonates, 2% of quartz and 1% of pyrite and arsenopyrite.  
About 5 to 10% of the carbonates occur in late veinlets.  In both the 
silicified and carbonatized zones, pyrite is present as framboids and as 
hydrothermal idiomorphic grains.  Most of the later are rimmed by 
arsenian pyrite.  The mineralizing fluid is aqueous and contains 6.6±0.5 
wt% NaCl eq. with homogenisation temperatures of 172±16ºC.  The 
pressure-corrected temperatures of the mineralizing fluid are between 
220-270ºC, supposing a maximal depth of 5.5 km (tectono-stratigraphic 
data) for the formation of the veins. 
The metallic signature of the mineralization is characterized by Au-As-
Sb-Hg without Ag and base metals.  Electron microprobe analyses 
show that the arsenian rims are characterized by 3 to 15wt% As, up to 
2280ppm Au and traces of Sb (up to 2500ppm).  Au and Sb are also 
contained in less-abundant arsenopyrite (up to 2500 and 2400ppm 
respectively).  The geological setting, style of alteration, metallic 
signature and presence of auriferous arsenic-rich pyrite rims clearly 
indicate that the St-André-de-Restigouche prospect shares analogies 
with Carlin-type gold deposits and highlights the potential for such 
style of gold mineralization within the carbonate rock-units of the 
Canadian Appalachians. 
 
METAMORPHIC ISOGRADS:  A REGIONAL-SCALE AREA 
SELECTION CRITERION IN NE SUPERIOR PROVINCE 
(EASTERN CANADIAN SHIELD)  

GAUTHIER, M.1, gauthier.michel@uqam.ca, TRÉPANIER, S.2 
and GARDOLL, S.3,  1 Département des Sciences de la Terre,  2 

CONSOREM, Université du Québec à Montréal, cp.8888, succ. 
Centre-Ville, Montréal, QC, H3C 3P8;  3 Centre for Exploration 
Targeting, School of Earth and Geographical Sciences, The 
University of Western Australia, 35 Stirling Highway, Crawley, 
WA 6009, Australia 

The Abitibi greenstone belt is located in the southern Superior Province 
of the Canadian Shield.  It is endowed with world-class orogenic gold 
deposits, whereas others Archean terranes that extend 1,400 km to the 
north appear to be barren.  Recent mapping programs have 
demonstrated that, instead of being a pink sea of granite, this frontier 
region is interspersed with long, narrow greenstone belts in which 
metamorphic grades vary from greenschist to granulite facies.  This is 
different from the Abitibi were metamorphism barely exceeded 
greenschist facies. 
Orogenic gold deposits occur within or immediately adjacent to 
greenstone belts commonly in spatial association with crustal-scale 
fault zones that mark major lithological boundaries.  Deposition of 
unconformable fluvial-alluvial sediments is another characteristic of 
orogenic gold environments that has been used as an exploration guide 
in the Abitibi.  Most Abitibi orogenic gold deposits are quartz-ankerite 
lodes, the most common style of mineralization in greenschists.  This 
represented an easily recognizable target for early Abitibi prospectors.  
The NE Superior terranes have been explored for gold as early as 1890 
yet the results were disappointing because replacement deposits 
predominate in amphibolite and granulite terranes, and presented an 
elusive target for early 20th century prospectors.  The recent 
development of hydroelectric projects brought a new generation of 
prospectors to the region and increased the known occurrences from 
just a few in the late 1980’s, to almost a thousand, including the Troilus 
gold mine and a brand-new discovery: Éléonore.  Very few of these 
deposits are quartz-ankerite lodes. 
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This flock of new discoveries brings the challenge of where to focus 
mineral exploration in poorly-mapped metamorphic terranes.  Major 
crustal-faults and unconformities are the obvious targets, but the 
reconnaissance level of most maps prevents their recognition.  Initial 
results suggest metamorphic isograds can collectively be used as an 
area selection criterion.  A GIS database of all orogenic gold 
occurrences of the Eastern Superior Province, including the Abitibi, 
and metamorphic isograds were collated from existing literature and 
field observations.  A metamorphic map was generated and gradients 
calculated.  50% of the known gold deposits in 8% of the greenstone is 
significant at 99% confidence, and is an exceptional exploration target 
for a, first pass, craton scale exploration. 
 
1000-YEAR RECORD OF LANDSLIDE DAMS AT HALDEN 
CREEK, NORTHEASTERN BRITISH COLUMBIA  

GEERTSEMA, M., Northern Interior Forest Region, 1011 4th 
Ave., Prince George, BC, V2L 3H9, 
marten.geertsema@gems3.gov.bc.ca, and CLAGUE, J.J., Simon 
Fraser University, Burnaby, BC, V5A 1S6 

Large, rapid, low-gradient landslides are common in the clay-rich 
sediments of northeastern British Columbia.  In relatively small 
watersheds, such as at Halden Creek, landslide dams may persist for 
years.  The events are recorded geologically in two ways.  First, trees 
died in temporary lakes dammed by the landslides and were partially 
buried by alluvium and preserved from decay.  Bank erosion has 
subsequently exhumed the drowned trees.  Second, stream banks 
expose multiple landslide units separated by organic layers, which 
represent periods of stability.  We have begun to reconstruct a history 
of landslide damming at Halden Creek by radiocarbon dating exhumed 
trees and organic layers.  We have obtained ages from drowned rooted 
trees exposed in eroding banks at five locations, and from organic 
layers and logs at the contacts of slide deposits at eight sites.  Drowned 
trees range in age from 169 ± 59 to 274 ± 49 14C years B.P., and 
organic layers date from modern to 965 ± 49 14C years B.P. 
 
PHYTOREMEDIATION OF BRINE-AFFECTED SOIL WITH 
TWO HALOPHYTIC SPECIES  

GERRARD, S.G., shannon.gerrard@usask.ca, FARRELL, R.E. 
and KNIGHT, J.D.,  Department of Soil Science, University of 
Saskatchewan, 51 Campus Drive, Saskatoon, SK, S7N 5A8 

Saline and saline-sodic soils may result from brine (NaCl) spills 
associated with oil and gas exploration in Western Canada.  These 
conditions are detrimental to plant growth and survival and can be 
difficult as well as costly to treat using conventional reclamation 
techniques.  Phytoremediation presents an economical long-term 
solution with minimal inputs and site disturbance.  It is necessary to 
identify species with desirable characteristics, as well as adapted to 
saline soils and the semi-arid climate.  Halophytic plants that 
accumulate sodium in aboveground tissues have potential for 
phytoremediating brine-affected soil.  In addition, chemical 
amendments may also be useful to increase plant survival and vigour.  
The objective of this study was to identify potential phytoremediating 
species and compare their sodium removal capacity on contaminated 
soil.  Eighteen salt-tolerant species were screened for their sodium 
uptake ability in a sand culture system treated with NaCl.  Two species, 
sea blite (Suaeda calceoliformis) and salt grass (Distichlis spicata var. 
stricta) were selected for further study based on survival and biomass 
accumulation.  Plants were grown in 5.3 L soil cores repacked with 
contaminated field soil in a controlled environment.  Each species was 
grown separately and together with five soil treatments, including 
gypsum, calcium nitrate and humic acid at recommended rates, and a 
combination of gypsum and calcium nitrate and gypsum, calcium 
nitrate and humic acid at 2 rates.  Plant biomass and soil sodium levels 
were measured at 0-10, 10-20 and 20-30 cm depths.  Results of 
distribution of sodium in soil after salt-accumulating plants were grown 
will be presented and discussed as they relate to the phytoremediation 
of brine-affected soil. 
 
PRELIMINARY RESULTS OF A COMBINED 40Ar/39Ar UV AND 
Ir LASER MICROPROBE AND FISSION TRACK STUDY OF 

DETRITAL MINERALS FROM THE PARATECTONIC 
CALEDONIDES OF NORTHERN BRITAIN  

GERRING, C.R., SHERLOCK, S.C., KELLEY, S.P., Centre for 
Earth, Planetary, Space and Astronomical Research (CEPSAR), 
Department of Earth Sciences, The Open University, Milton 
Keynes, MK7 6AA, UK, c.r.gerring@open.ac.uk, CARTER, A., 
Research School of Earth Sciences, University and Birkbeck 
College, Gower Street, London, WC1E 6BT, UK, and 
STRACHAN, R.A., School of Earth and Environmental Sciences, 
University of Portsmouth, Burnaby Road, Portsmouth, PO1 3QL, 
UK 

Individual detrital minerals are being used increasingly as 
thermochronometers, in attempts to trace the provenance of 
sedimentary sequences and to quantify the exhumation rates of their 
source regions.  One technique that is employed routinely in such 
studies is 40Ar/39Ar dating of detrital white micas.  Many studies use 
single-grain dating techniques, but the high-spatial-resolution 40Ar/39Ar 
ultraviolet laser ablation microprobe (UVLAMP) allows the recovery 
of detailed thermal histories from individual grains, aiding 
discrimination of potential source regions.  Single-grain 40Ar/39Ar 
infrared laser ablation microprobe (IRLAMP) ages of detrital white 
micas from the Silurian Windermere Supergroup of the English Lake 
District range from 508 ± 8 to 415 ± 8 Ma (2F).  The data show an ‘up 
stratigraphy’ younging trend with increased scatter in the age range 
which could be consistent with models of mixing of different sources, 
sedimentary recycling from the Southern Uplands Terrane, or the 
exhumation of a terrane recording Grampian (= Taconic) orogenesis 
and protracted cooling.  Intra-grain apparent age profiles obtained using 
the UVLAMP reveal complex thermal histories and apparent diffusion 
profiles within individual grains, which are best explained in terms of 
partial resetting of a mid-Ordovician tectonothermal event (Grampian) 
by a mid-Silurian event (Scandian).  Such partial resetting is partly 
responsible for the scatter in the 40Ar/39Ar single-grain IRLAMP ages.  
Further scatter may be caused by the presence of excess argon.  Detrital 
zircons from the same samples form single fission track age 
populations of ~ 430 Ma, indicating their complete resetting at 
temperatures sufficient to partially open the argon system in the 
accompanying micas, and suggesting a common source.  Though 
Grampian age micas are recorded from the Ordovician-Silurian 
Southern Uplands, contributions from sedimentary recycling may be 
limited as detrital zircon fission track ages from this basin have so far 
yielded only Neoproterozoic to earliest Cambrian ages.  Further, the 
age of the youngest mica in each sample is identical within error to the 
age of deposition (426 – 421 Ma) indicating a source in a rapidly 
exhuming terrane.  A source for these sediments is likely to be in the 
upper crust of the Laurentian plate during its collision with Baltica in 
the Scandian Orogeny.  Partial resetting of mica 40Ar/39Ar ages and 
complete resetting of zircon fission track ages may have occurred due 
to crustal thickening and uplift as the Laurentian margin overrode 
Baltica.  Grampian ages are preserved in klippe of the Uppermost 
Allochthon, high in the Scandinavian Caledonide tectonostratigraphy. 
 
SEQUENCE STRATIGRAPHY OF THE PENNSYLVANIAN 
JOGGINS FORMATION, NOVA SCOTIA:  ARCHITECTURE 
OF A RAPIDLY SUBSIDING EXTENSIONAL BASIN  

GIBLING, M.R., RYGEL, M.C., Department of Earth Sciences, 
Dalhousie University, Halifax, NS, B3H 3J5, mgibling@dal.ca, 
DAVIES, S.J., Department of Geology, University of Leicester, 
University Road, Leicester, U.K., LE1 7RH, and CALDER, J.H., 
Nova Scotia Department of Natural Resources, PO Box 698, 
Halifax, NS, B3J 2T9 

The Joggins Formation lies within the extensional Cumberland Basin, 
which subsided rapidly in a collisional zone as the Pangean 
supercontinent assembled.  An architectural style of stacked 
parasequence sets reflects an over-riding tectonic control, during which 
repeated subsidence events enhanced flooding and suppressed base-
level fall.  The formation comprises 14 stacked transgressive - 
regressive cycles, tens to 200 m thick, that commence with a flooding 
succession from coal and limestone to open-water laminated shale with 
brackish faunal elements.  Progradation of terrestrial facies into these 
open water bodies is recorded by the overlying shoreface sandstones, 
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wetland grey shales and sandstones with standing trees.  A capping 
succession of red alluvium was laid down in seasonal dryland plains 
traversed by anastomosing rivers and small valleys.  The onset of 
renewed transgression is marked by an upward change to grey alluvium 
with thin carbonaceous shales below the transgressive base of the next 
cycle. 
Mature paleosols and valley fills that might record a major basinward 
advance of fluvial systems (sequence boundary markers) are absent 
from the >900 m succession, whereas flooding surfaces are abundant.  
Rapid subsidence reflects fault activity at basin margins, coupled with 
withdrawal of Windsor Group salt from the western Cumberland Basin 
to create salt structures farther east, where the Joggins Formation is all 
but absent.  Some cycles may reflect glacioeustatic changes 
superimposed on subsidence patterns.  Climatic controls have proved 
difficult to evaluate, but may have influenced alluvial sedimentation 
and supply to the coastal zone. 
 
THE GANGA RIVER OF THE HIMALAYAN FORELAND 
BASIN, INDIA:  CONTROLS ON QUATERNARY 
ARCHITECTURE IN A BIG-RIVER SYSTEM  

GIBLING, M.R., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 3J5, mgibling@dal.ca, TANDON, 
S.K., Department of Geology, University of Delhi, Delhi 110007, 
India, SINHA, R., Department of Civil Engineering, Indian 
Institute of Technology, Kanpur 208016, India, and JAIN, M., 
Risø National Laboratory, P.O. Box 49, DK-4000, Roskilde, 
Denmark 

The Ganga River of the Himalayan Foreland Basin is 2500 km long 
from its headwaters in the rising Himalayan mountain chain to its 
confluence with the Brahmaputra River at the Bay of Bengal.  Until 
recently, much of our knowledge of sediment accumulation in the 
foreland basin has come from the Neogene Siwalik Group, exposed in 
the Foothills, with little information available from below the modern 
plains. 
Available outcrop and core data show that discontinuity-bounded 
sequences are widespread in Ganga Plains alluvium deposited during 
the past 130 ka.  Thick valley fills underlie the Ganga-Brahmaputra 
Delta for several hundred kilometers inland, reflecting sea-level 
fluctuation.  Tectonic activity has created angular unconformities 
within mountain-front alluvium, has controlled long-term accumulation 
rates over an irregularly subsiding basement, and has caused tilting and 
avulsion where major faults underlie the plains. 
Fluctuations in monsoonal precipitation have been especially important 
in all parts of the plains, resulting in a robust coupling of source areas 
and sinks.  Age models for western plains alluvium show a first-order 
correlation between modeled precipitation changes and periods of 
incision and accumulation.  In particular, incision and valley formation 
affected rivers across northern India and Nepal as monsoonal 
precipitation intensified following the Last Glacial Maximum, and a 
large sediment pulse is recorded in the delta and Bengal Fan.  Changes 
in fluid and sediment discharge affect the river’s sediment transport 
capacity, resulting in incision and accumulation cycles in areas too far 
inland to record sea-level changes.  In the eastern plains, megafans are 
aggrading rapidly and rivers are not incised; discontinuities are 
probably few in these successions, which are a good analogue for the 
proximal alluvium of the Siwalik Group.  Drainage systems from the 
Indian Craton were also more important sediment contributors to the 
foreland basin in the past. 
Many Ganga Plains rivers have migrated progressively southward over 
long timescales in response to India / Eurasia collision and Himalayan 
uplift.  Short-term cycles of valley incision and aggradation will be 
superimposed on long-term valley migration, and valley-base 
discontinuities (sequence boundaries) should be diachronous. 
 
TIMING OF COMPLEX STRUCTURAL PROCESSES USING 
EMP, SHRIMP, AND ID-TIMS ANALYSIS:  EXAMPLES FROM 
THE WESTERN CANADIAN SHIELD AND SOUTHEASTERN 
CANADIAN CORDILLERA  

GIBSON, H.D., Department of Earth Sciences, Simon Fraser 
University, Burnaby, BC, V5A 1S6, hdgibson@sfu.ca, 
WILLIAMS, M.L. and MAHAN, K.H., Department of 
Geosciences, University of Massachusetts, Amherst, MA 01003 

Timing constraints are essential to understanding structural processes.  
However, in polydeformed terranes that characterize the deep crust of 
orogenic belts, it can be difficult to distinguish individual deformation 
events, let alone resolve their absolute timing.  Microstructural analysis 
is typically required for interpreting complex structural histories.  
Accordingly, micro-scale geochronology is equally essential for 
determining the ages of structural events. 
Although ID-TIMS is the most precise geochronologic technique, it 
typically entails dissolving minerals separated from crushed and ground 
rock, resulting in loss of textural information linked to specific 
structural or metamorphic features.  Results can thus be difficult to 
interpret or misleading; a solution is to preserve the textural 
information.  In situ techniques using ion and/or electron microprobe 
(EMP) analysis can address this problem, and here, we present some 
examples that show how a multifaceted approach to geochronologic 
analysis provide detailed time constraints for complexly deformed and 
metamorphosed rocks.  A critical initial step involves producing high-
resolution EMP compositional maps of thin sections in which a trace 
element image (e.g. Ce) is superimposed over a simultaneously 
collected reference image (typically Al, Ca, or Mg).  This provides an 
efficient means to assess the geologic context of radiogenic minerals 
such as monazite (or zircon, titanite, xenotime, etc.), and in many cases 
provides a first-order linkage with microstructural domains or reaction 
textures.  The next step involves high-resolution elemental mapping of 
strategically selected monazite grains.  These maps discriminate 
intracrystalline chemical domains that can commonly be directly linked 
to deformation fabrics or metamorphic textures.  Some grains have a 
preferred orientation within the fabric.  Some have delta- or sigma-type 
geometry.  Others define inclusion trails within larger porphyroclasts 
such as garnet.  These provide an opportunity to directly constrain the 
timing of kinematic indicators and fabric forming elements, and thus, 
directly date deformation or metamorphic events.  Once integrated with 
fabrics and/or metamorphic textures, the next step is to date the critical 
domains within the monazite crystals.  Depending on the problem, this 
might be done by ion microprobe (e.g. SHRIMP), ID-TIMS, or EMP.  
EMP has sufficient precision to answer many questions about 
polydeformed terranes, especially in the Precambrian.  EMP can also 
be used in younger Phanerozoic rocks, but mainly as a reconnaissance 
tool to aid ID-TIMS and/or SHRIMP analysis.  We will highlight 
results from the western Canadian Shield (ca. 2.6-1.8 Ga) and 
southeastern Canadian Cordillera (ca. 170-60 Ma) that elucidate a 
complex history of deformation and high-grade metamorphism. 
 
LEUCOGRANITES AND THE PROBLEM OF INHERITANCE 
IN DATING THE TIME OF EXTENSION IN THE EAST 
GREENLAND CALEDONIDES  

GILOTTI, J.A., Department of Geoscience, University of Iowa, 
Iowa City, IA 52242, USA, jane-gilotti@uiowa.edu, and 
MCCLELLAND, W.C., Department of Geological Sciences, 
University of Idaho, Moscow, ID 83844, USA 

Leucogranites are commonly derived from partial melts of high-grade 
metasedimentary rocks; and therefore, provide timing estimates for 
deformation, particulary extension, in many orogens.  The time of 
extension in the East Greenland Caledonides has been estimated at 420 
- 430 Ma mainly on the basis of TIMS (thermal ionization mass 
spectrometry) ages of monazite from migmatites and leucogranites in 
the vicinity of large detachments.  U-Pb SHRIMP (sensitive, high-
resolution ion-microprobe) analysis of zircon and monazite from 
selected leucogranites was undertaken to establish the age of the Payer 
Land detachment zone.  This shallowly dipping extensional structure 
places low-grade metasedimentary rocks of the Eleanore Bay 
Supergroup on granulite facies gneisses that record high pressure (1.4 - 
1.6 GPa) metamorphism at ca. 405 Ma.  The detachment zone itself is a 
1500 m thick, high-strain zone comprised of purple protomylonites, 
mylonites and ultramylonites derived from the garnet-rich, granulite 
facies gneisses in the footwall, and capped by a much thinner layer 
(<10 m) of cataclasite that marks the brittle detachment fault.  
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Deformed equigranular granites within hanging wall lithologies give 
zircon U-Pb ages of 426 ± 3 to 413 ± 3 Ma, consistent with the regional 
leucogranite suite.  A second suite of deformed pegmatitic granites is 
found as sills and dikes in the upper 1000 m of the detachment zone, 
which requires that they are younger than 405 Ma, the age of the high-
pressure granulite facies gneisses that are the protoliths of the 
mylonites.  With the additional constraint that the pegmatites are 
younger than the more voluminous 415-440 Ma granite suite, older U-
Pb ages ranging from 417 to 1750 Ma obtained for zircon and monazite 
indicate that both minerals are inherited components within the younger 
pegmatitic granites in the footwall mylonites.  These observations 
suggest that inheritance, particularly of metamorphic monazite from the 
source rocks, can make it very difficult to establish meaningful 
emplacement ages for leucogranites in the absence of corroborative 
evidence.  Although multiple periods of extension are permissible, 
current timing relationships established in Payer Land suggest that 
much of the extension responsible for exhumation of deep level rocks 
in the East Greenland Caledonides is younger than 405 Ma.  Zircon 
inheritance is known to be a common phenomenon in the East 
Greenland leucogranites; the Payer Land example shows that 
inheritance of monazite is possible as well. 
 
ICHNOLOGY OF THE HIGH HEAD MEMBER, 
SOUTHWESTERN NOVA SCOTIA:  TRACE FOSSIL 
EVIDENCE FOR AN EARLY CAMBRIAN AGE FOR THE 
LOWER GOLDENVILLE FORMATION  

GINGRAS, M.K.1, mgingras@ualberta.ca, WHITE, C.E.2 and 
WALDRON, J.W.F.1,  1 Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3;  2 

Nova Scotia Department of Natural Resources, 1701 Hollis 
Street, PO Box 698, Halifax, NS, B3J 2T9 

The oldest unit in southwestern Nova Scotia, the Goldenville 
Formation, is considered to be a monotonous sequence of undividable 
thick metasandstone beds.  However, based on recent field work related 
to the Southwest Nova Mapping Project, combined with high-
resolution aeromagnetic data, a thick interval of metasiltstone (High 
Head member) containing abundant trace fossils was recognized as a 
distinct, potentially mappable unit. 
A complete section of the member is exposed along the coast in the 
High Head area north of Yarmouth.  It consists of 780 m of grey to 
grey-green, well laminated, fine-grained metasiltstone.  However, a 
series of 7-8 thin (30 cm to 1 m) light grey metasandstone beds 
separated by thin (<25 cm) metasiltstone beds are present in the middle 
of the section.  The metasandstone beds are typically coarse-grained to 
conglomeratic at the base, and fine upwards into laminated to cross-
bedded fine-grained metasandstone.  Also in the area of the 
metasandstone beds are two thin (1 m wide) basaltic sills.  The lower 
sill displays pepperite-like structures along its lower contact with the 
metasiltstone, suggesting that it intruded unconsolidated wet sediments.  
Two thin (< 1 m wide), well cleaved mafic dykes occur farther down 
section.  Other than the fine laminations and rare ripple marks and 
cross-bedding, the High Head member lacks sedimentary structures. 
The High Head member is barren of shelly fossils but contains 
abundant trace fossils.  The ichnofauna includes a wide variety of 
ichnotaxa, such as Chondrites, Helminthopsis, Oldhamia, 
(?)Phoebichnus, Phycodes, Planolites, Psammichnites, Spiroraphe, and 
Taenidium.  Typical arthropod trackways, such as Cruziana and 
Rusophycus—which may dominate inner shelf settings—were not 
recognized.  The preserved ichnofauna are more consistent with deep-
water settings and likely record sediment accumulation on the outer 
shelf or deeper.  The only direct evidence of the age of the High Head 
member is the presence of the trace fossil Oldhamia.  Oldhamia is a 
characteristic ichnofossil of fine-grained, deep-water siliciclastic 
sequences of Early to early Middle Cambrian age.  This occurrence of 
Oldhamia is the first reported in Nova Scotia.  Its presence suggests 
that the age of the lower part of the Goldenville Formation, below the 
Oldhamia occurrence, may extend into the Precambrian. 
 

IMPLICATIONS TO GLACIAL HISTORY AND URBAN 
PLANNING IN A GLACIATED ESTUARINE TRIBUTARY:  
FREDERICTON JUNCTION, NEW BRUNSWICK  

GIUDICE, G.M. and BROSTER, B.E., Quaternary and 
Environmental Studies Group (QUEST), Department of Geology, 
University of New Brunswick, PO Box 4400, Fredericton, NB, 
E3B 5A3, Canada, b4qd@unb.ca 

Valleys that were inundated during deglaciation often represent the 
thickest deposits and greatest stratigraphic complexity due to the 
previous interaction between glaciers, ponded meltwater and marine 
incursions.  Thus, interpretation of the sedimentary architecture of 
glaciated estuarine valleys and their tributaries, pose difficulties to 
those responsible for identifying constraints to urban development.  
Two common problems are the (1) lack of understanding of the nature 
of the subsurface water supply aquifer and (2) limited information 
concerning the occurrence and extent of buried geotechnical hazards 
such as sensitive clays. 
The Village of Fredericton Junction is sited along the Oromocto River 
approximately 30km upstream of its coalescence with the Saint John 
River.  The Oromocto valley is believed to have been flooded with both 
lacustrine and marine waters during glacial blockage of the Saint John 
valley.  However, previous investigations provide limited information 
on the extent and nature of the underlying deposits.  Field work 
included a seismic refraction survey and a review of 14 borehole logs 
drilled during earlier groundwater exploration programs.  Three 
additional holes were drilled to supplement this information, help 
establish stratigraphic relationships and to facilitate sample collection.  
Samples were also retrieved from concurrent drilling at Fredericton 
located approximately 40 km away.  These latter samples were used as 
a datum for comparative analyses because those sediments are reported 
to have been deposited under both marine and lacustrine conditions. 
Atterberg limits, particle size analyses, X-Ray diffraction, and the 
chloride and boron content of clay samples were analyzed for both 
locations.  Relative to the Fredericton samples, the Fredericton Junction 
samples contained less clay and lower values for activity, plastic limit 
and liquid limit, and no calcite or chloride content.  This lack of 
evidence for marine deposition suggests that there were limits to the 
marine incursion into tributaries of the Saint John River and has 
implications to current concepts of deglaciation of the region.  For 
example it may indicate that this part of the tributary did not undergo 
marine submergence, or more likely, that melting glaciers remained 
close enough to maintain lacustrine conditions during deposition of the 
clay deposits.  Stratigraphic profiles for the borehole logs indicate that 
glacilacustrine clays overly till and bedrock to an elevation of 14m asl, 
and also underlie the village sewage lagoon.  The bedrock aquifer is 
locally susceptible to recharge at higher elevations where rare outcrops 
are exposed due to erosion of the surface till cover and at locations 
along the river bed. 
 
HALOGEN AND CHLORINE ISOTOPIC COMPOSITION OF 
FLUID INCLUSIONS FROM IRON OXIDE-APATITE AND Cu 
DEPOSITS, NORRBOTTEN, SWEDEN  

GLEESON, S.A., University of Alberta, Edmonton, AB, T6G 
2E3, sgleeson@ualberta.ca, SMITH, M.P. and STOREY, C.D., 
School of the Environment, University of Brighton, England, 
BN2 4GJ 

Northern Norrbotten County, Sweden, contains many iron oxide-apatite 
deposits and prospects, including the well known Kirunavaara 
magnetite-apatite deposit.  These deposits are spatially associated with 
iron oxide Cu (± Au) mineralized systems.  A genetic link between the 
two different deposit types has been suggested previously and, here, we 
report the results of a fluid inclusion microthermometry and bulk crush 
leach halogen and chlorine stable isotope study, carried out to test that 
hypothesis.  For this study, quartz veins were sampled from late stage 
veins from Fe-oxide apatite deposits and Cu-Au deposits hosted by the 
Porphyry and Porphyrite Group metavolcanics and the Nautanen 
deformation zone (NDZ), a regional scale shear zone system. 
Microthermometric studies show all the samples studied contain 
hypersaline brine inclusions, with a salinity range of 32 to 38wt. % 
NaCl eq. in Fe-oxide bodies, and of 38 to 47wt % NaCl eq. in Cu-Au 
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deposits.  In Cu-Au deposits these are typically accompanied by CO2-
rich inclusions.  Minimum pressure and temperature estimates for the 
trapping of the fluids range from ~200°C and ~3kbars for the Fe-oxide 
associated veins and ~400°C and ~5Kbars for the Cu-Au deposits.  
Clear evidence of phase separation is present in the NDZ samples and 
at Aitik, the only working Au deposit in the study area. 
The Cl/Br ratio of the fluid inclusion leachates for most of the samples 
ranges between 859 and 9597 and there is no distinction between the 
Fe-oxide samples and the Cu-mineralizing brines.  These fluids have 
halogen values consistent with magmatic fluids and show no evidence 
of interaction with evaporites or meta-evaporite bearing sequences.  
One sample from the NDZ is relatively more Br rich (481) and suggests 
that Br has been added to the system, perhaps by interaction with the 
local metasediments. 
Stable chlorine isotope analyses were carried out on 11 samples from 
the Fe-oxide apatite and the Porphyry Group hosted Cu-Au deposits.  
In total the *37Cl values range from –0.99 to –5.63‰ (relative to 
standard mean ocean water) and are some of the lowest *37Cl values 
recorded in fluid inclusions to date.  The chlorine isotopic compositions 
of the fluids in the Cu deposits are comparable with those of the Fe-
oxide deposits.  The data are far removed from both mantle (*37Cl = 
+4.7) and crustal (*37Cl = 0) values and must represent fractionation of 
the isotopes during the mineralizing process.  We suggest this 
fractionation occurred during the formation of Cl-rich mineral phases 
commonly found associated with the deposits e.g. scapolite, biotite and 
amphibole. 
 
ENVIRONMENTAL AND HEALTH IMPACTS OF A 
LATERITE NICKEL AND SMELTER IN INDONESIA  

GLYNN, T.A., Environmental Science Program, Memorial 
University of Newfoundland, St. John's, NL, A1B 3X9, 
tag@cs.mun.ca, EDINGER, E.N., Geography Dept., Memorial 
University of Newfoundland, St. John's, NL, A1B 3X9, and 
YUSUF, Y., Sorowako Indigenous Association (KWAS), Jl. 
Tosalilie No. 41, Sorowako, South Sulawesi, Indonesia 

Community-based environmental research by MUN and KWAS is 
assessing environmental and potential health impacts of an operating 
three decade old laterite nickel mine and smelter in Sorowako, 
Indonesia.  Research goals are to determine: (1) environmental effects 
of airborne dust and metals from the smelter, (2) effects of metals 
pollution from mine and smelter runoff on lake waters, sediment, and 
fish, and (3) potential effects on human health.  Airborne dust 
concentration and composition was measured using a high-volume air 
sampler in 12-hour samples for 5 consecutive days and nights in each 
of six communities around the smelter in June 2002, Aug-Sept. 2004, 
and Jan. 2005.  Heavy metal composition of airborne dust was 
determined by ICP-MS.  Daytime SPM concentrations ranged from 74 
to 157 :g/m3, and nighttime SPM from 47 to 106 :g/m3.  Daytime 
airborne SPM concentrations were higher than night-time SPM in all 
but one location.  June 2002 air samples from Sorowako, 5 km NW of 
the smelter, had higher nickel concentrations in night samples than 
daytime samples.  SPM and dust metals data suggest that most 
nighttime dust in Sorowako was derived from smelter fallout, but 
daytime dust was a combination of road dust and smelter fallout. 
Lake water and sediment samples were collected along gradients away 
from potential sources of mine and smelter runoff into three lakes.  
Water SPM concentrations were less than 2 mg/l in all locations except 
an abandoned mining area (8 mg/L), and where the river drains the 
smelter area into Lake Mahalona (4.5 mg/L).  Dissolved metals 
concentrations determined by ICP-MS were also low in all cases except 
immediately adjacent to river mouths draining smelter or mines.  Lake 
sediment samples collected using a Petit Ponar grab sampler and 
analysed using ICP-MS/XRF showed nickel and chromium 
concentrations as high as 4.5%, with highest concentrations near rivers 
draining the smelter.  Endemic fish in the lakes have deformities 
including stunted teeth.  Fish tissue and liver metals concentrations are 
being analyzed by ICP-MS. 
To assess potential health impacts of the mining and smelting, a health 
questionnaire was administered in eight communities around the 
smelter.  Twenty-one percent of Kampung Baru participants reported 

suffering often from respiratory infections compared to 4.76% in Malili 
(20 km from the smelter).  Forty-three percent of women from Desa 
Nikel (6 km from smelter) who had been pregnant at least once had at 
least one miscarriage; compared to 8-33% in other areas. 
 
SOIL CARBON CONTENT ON A CATENA IN THE ALBERTA 
PARKLAND AND ISSUES FOR SCALING UP  

GODDARD, T.W., Alberta Agriculture, Edmonton, AB, 
tom.goddard@gov.ab.ca, BRIERLEY, J.A., Agriculture and 
Agri-Food Canada, Edmonton, AB, and KRYZANOWSKI, L.K., 
Alberta Agriculture, Food and Rural Development, Edmonton, 
AB 

A greenhouse gas experiment was established on a hummocky moraine 
in the Black soil zone east of Edmonton.  Transects were established on 
three adjacent catenas that had been under long term cultivation in the 
upper portions and retained the native vegetation in the lower positions.  
Soils were sampled at the crest, backslope, footslope, toeslope and 
depression landscape positions along the catena.  Soil profiles were 
sampled at the first two five centimeter increments and subsequently at 
10 cm increments to a 100 cm.  Organic carbon and carbonate carbon 
were determined on all samples.  Bulk density values were determined 
for each incremental core.  Also at each transect sampling point, the 
depth to the B horizon was determined at four points located radially 
around the transect point at 1 m from the profile sampling point.  
Topsoil depth decreased as elevation increased.  The coefficient of 
variation of the depth to B at transect points was least in the depression 
and crest positions (about 12%) and the greatest at the footslope to 
backslope positions (about 25%).  The depth to B horizon at the 
footslope – toeslope positions corresponded to the mean of the overall 
catena.  The total profile carbon (to one metre depth) ranged from 37 
Mg ha-1 (a crest position) to 106 Mg ha-1 (a backslope position).  The 
overall catena average carbon content averaged 78 Mg ha-1 with a 
coefficient of variation of 23 percent.  A digital elevation model of the 
320 hectare farm has been constructed and landforms characterized and 
analyzed with a computer program.  The farm lies within a 6,700 ha. 
soil survey polygon (map at 1:100,000 scale).  The implications of this 
variability will be discussed in the terms of uncertainties of 
documenting soil carbon changes and scaling up values from pedon to 
soil map polygons. 
 
LITHOSTRATIGRAPHY OF UPPER PALEOZOIC BASINS IN 
NORTHERN TURKEY  

GÖNCÜOGLU, M.C., METU Dept. Geology, 06531 Ankara-
Turkey, BONCHEVA, I., Geological Institute-BAS, 1113 Sofia-
Bulgaria, and OKUYUCU, C., Dept. Geological Research MTA, 
06520 Ankara-Turkey 

Along the Black Sea coast in north western Turkey between Istanbul 
and Zonguldak Upper Paleozoic rocks occur as discontinuous outcrops 
within Alpine terranes.  The conventional approach is that they were 
parts of a single basin, situated along the southern border of the 
Moesian Platform and represents the external zones of the SE European 
Variscan belt.  Recent work, based on the fossil provinciality and 
succession of events suggests that there are actually two distinct 
terranes (the Istanbul and Zonguldak terranes) that were drifted 
together with some other terranes from Gondwana and successively 
accreted to Baltica. 
In the Istanbul Terrane in the West the Late Silurian-Middle Devonian 
deposits are characterized by Atlantic-type continental margin 
sediments.  They are followed by Frasnian to middle Tournaisian 
nodular limestones and late Tournaisian cherts grading into a proximal 
flysch-type deposition.  By this, the transition from the classical 
“Schwellen”- to “Becken”-facies and the accommodation of flysch 
deposition occurred within a short period during the middle to late 
Tournaisian, as it is the case in the southern Variscan zone extending 
from North Africa to Central Europe through Spain during Late 
Devonian to Carboniferous.  This Late Paleozoic marine basin has 
closed during late? Moscovian. 
In contrast, in the Zonguldak Terrane towards East, the distinct late 
Praghian-early Emsian unconformity and thermal event (the 
“Caledonian time event”) are ascribed to the collision of it with the 
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Moesian Terrane.  The docking of Zonguldak and Moesian terranes 
was very probably realized along transformal boundaries, as no 
ophiolite-bearing accretionary complexes of Palaeozoic age were 
observed in NW Anatolia.  In the Zonguldak Terrane the Emsian to 
Sepukhovian deposition is mainly characterized by shelf-type 
carbonates, followed by coal-bearing lacustrine to fluvial clastic 
deposition during the Late Carboniferous. 
Both the Istanbul and Zonguldak terranes are unconformably overlain 
by the Late Permian molasse-type sediments, but the continental red 
clastics in their lower part very probably also include late Lower 
Permian. 
To conclude, the Late Paleozoic rocks in Istanbul and Zonguldak areas 
in NW Turkey were deposited in two different basins above two 
different continental micro-plates that were juxtaposed during the late 
Variscan orogeny. 
 
MOBILITY OF REE AND HFSE IN BASINAL BRINES OF THE 
MESOPROTEROZOIC BELT-PURCELL SUPERGROUP, 
WESTERN NORTH AMERICA  

GONZÁLEZ-ÁLVAREZ, I., iag140@mail.usask.ca, and 
KERRICH, R., Department of Geological Sciences, University of 
Saskatchewan, SK, S7N 5E2 

Geochemical data on the Belt-Purcell Supergroup display secondary 
diagenetic mobility of trace elements.  Coarse-grained facies are 
siltstones diluted mainly by quartz, and hence do not require separate 
source areas.  Low contents of MgO, CaO, Na2O, and Sr relative to PA-
UCC are indicative of intense weathering of the source terrane. 
Two systematic REE trends are consistent for sandstones and siltstones 
throughout the Belt sequence: (1) near-flat REE pattern, and (2) 
negatively fractionated HREE pattern.  Some sandstones and siltstones 
possess relatively elevated HREE abundances.  Heavy rare-earth 
elements addition is accompanied by REE and HFSE fractionations, in 
conjunction with enrichments of Ag, Mo, and Sb.  In high HREE 
samples, negative Ce anomalies, in conjunction with addition of U, is 
consistent with oxidizing diagenetic conditions. Mobility of HREE and 
HFSE is documented from alkaline oxidizing brines.  In the Belt basin, 
such brine compositions likely stems from dissolution of evaporate 
units, endorsing a low latitude position of Laurentia in the 
Mesoproterozoic. 
Diagenetic overprints are produced by advection of oxidized-alkaline 
basinal brines.  These brines are not related to alteration processes 
linked to the Sullivan deposit.  Secondary monazites with CHIME ages 
spanning 0.9-0.8 Ga, presented in other studies, are interpreted before 
our results as reflecting the main basinal brine event that redistributed 
REE and HFSE. 
 
PROVENANCE OF THE LOWER BELT-PURCELL 
SUPERGROUP, WESTERN NORTH AMERICA:  
IMPLICATIONS OF A TRACE ELEMENT AND MONAZITE 
CHIME DATING STUDY  

GONZÁLEZ-ÁLVAREZ, I.1, iag140@mail.usask.ca, KUSIAK, 
M.A.2 and KERRICH, R.1,  1 University of Saskatchewan, 
Saskatoon, SK, S7N 5E2;  2 Institute of Geological Sciences, 
Polish Academy of Sciences, Kraków Research Centre, 31-002 
Krakow, Poland 

Comprehensive geochemical and geochronological data on the Belt 
Supergroup reveals information on the origin of bimodal grain-size 
sorting and provenance age.  Compliance of rare earth element and 
multi-element patterns to PA-UCC, Cr-Ni, and Th/Sc-Sc systematics 
are consistent with a dominantly post-Archean source area for the 
lower Belt sediments.  Detrital monazite CHIME ages cluster at 1.980-
1.800 Ma in sandstones and siltstones consistent with dominantly 
Paleoproterozoic source terranes.  A few ages of ~2.1, ~2.5 and 3.3 Ga 
signify marginal contribution from an Archean terrane(s). 
Coarse-grained sandstones have the same REE patterns than siltstones, 
and given common age clusters do not require separate source areas as 
suggested previously.  Sandstones developed in a high-energy 
environment, generating efficient transport segregation of fine from 

coarse-grained quartz and feldspar.  Fine- and coarse-grained facies 
become interbedded during storms, accounting for the bimodal sorting. 
Numerous terranes of this age in Laurentia are potential candidate 
source areas, except the “bimodal” Trans-Hudson Orogeny and 
Wollaston terranes that can be ruled out from geochemical systematics 
of the siltstones.  Our data restricts some of the Australian Proterozoic 
domains that have been promoted as potential western Belt sources. 
Monazite ages that cluster at 960 to 800 Ma are from secondary 
monazites formed in siltstones and sandstones with Th, U, and HREE 
enrichment, and stem from diagenetic effects of basinal brines, possibly 
driven by distal Genville tectonism. 
 
ALTERATION AND METAMORPHISM OF SYN-VOLCANIC 
INTRUSIONS ASSOCIATED WITH VOLCANIC-HOSTED 
MASSIVE SULPHIDE DEPOSITS IN THE SKELLEFTE 
DISTRICT, SWEDEN  

GONZÁLEZ-ROLDÁN, M.J., Departamento de Geologia, 
Universidad de Huelva, manuel.gonzalez@dgeo.uhu.es, Campus 
Universitario de El Carmen, Avenida de las Fuerzas Armadas 
s/n., 21071 Huelva, Spain 

The Skellefte mining district occurs in an Early Proterozoic (1.90 to 
1.87 Ga) volcanic arc province in the Baltic Shield in northern Sweden.  
The district contains over 85 VMS deposits, as well as some Au-vein 
and porphyry Cu-Au-Mo deposits.  The volcanic sequence which hosts 
the VMS deposits also encloses and borders several granitoid intrusions 
that are considered to be coeval with the volcanic rocks.  The largest of 
these intrusions is the Jorn granitoid complex.  It is a composite pluton, 
in which four main facies have been distinguished, named GI to GIV.  
Some gabbroic rocks also occur in the plutonic complex.  We report the 
first results of a new field and petrographic study of the intrusion 
complex.  GI intrusions (available dates ranging from 1898 to 1886 
Ma) form the outer part of the complex and are tonalitic to 
trondjhemitic.  In the north and west, less altered areas, amphibole-
bearing tonalites are dominant.  GI facies are deformed with variable 
intensity, and deformation is generally brittle.  GII intrusions (1874 
+45/-12 Ma), previously considered scarce, are mainly unaltered 
pyroxene-bearing granodiorites.  These are more abundant in the inner 
parts of the complex where they are roughly concentric to GI.  They are 
undeformed (or slightly deformed) and unaltered.  GIII and GIV (1873 
+18/-14 Ma) post-date the described groups, and are interpreted to be 
unrelated to them.  They range from granodiorites to granites and 
exhibit no alteration or deformation.  Alteration of the GI group is 
pervasive, consisting of intense sericitization of plagioclase, together 
with total chloritization of biotite.  As a result, only pseudomorphs of 
igneous biotite are preserved.  This alteration stage is post-dated by 
static metamorphism, as shown by the growth of late biotite and 
epidote.  These metamorphic minerals are unaltered and undeformed, 
and host inclusions (relics) of the alteration products (chlorite, quartz 
and titanite) that form the biotite pseudomorphs.  None of these 
features are observed in the other facies of the Jorn complex.  We 
discuss the several ways in which this complex sequence of 
alteration/metamorphism phenomena can be interpreted.  These 
features could possibly be interpreted as contact metamorphism related 
to the younger Jorn or other hidden plutons.  Alternatively, a significant 
low-grade regional metamorphism stage could have occurred, coeval to 
the Jorn (and related volcanics) in the Skellefte area.  In both cases, 
alteration and metamorphism may be significant in the evolution of the 
related VMS deposits. 
 
ELEMENTAL AND MINERALOGICAL CHARACTERISTIC 
AND SPECIATION OF SOME ELEMENTS IN CANADIAN 
COALS  

GOODARZI, F. and LABONTÉ, M., Geological Survey of 
Canada, 3303-33rd St. NW, Calgary, AB, fgoodarz@nrcan.gc.ca 

The Canadian feed-coals examined in this study are subbituminous to 
bituminous rank (calorific values: 19.62-29.88 MJ/kg).  The sulphur 
content of these coals is 0.32-3.55%.  Minerals in these coals are 
dominated by quartz and aluminosilicates (clay minerals and feldspar).  
The accessory minerals consists of pyrite, sphalerite, barite, calcite, 
anhydrite, chromite, zircon, biotite, and monazite, which occur as both 
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primary and secondary cell filling types.  An interesting mineral found 
in one of the subbituminous feed-coals is the gorceixite that is normally 
associated with degraded volcanic ash. 
The sulphur content of the feed-coals is an indication of their 
geological setting with feed-coal formed in a fresh water setting 
containing the least amount of S and those associated with evaporites 
having the highest S content. 
The concentrations of Cd, Cr, Cu, Hg, Ni, Se, V, and Zn in these feed-
coals are low compared to world coals.  Mercury content of these feed-
coals ranges from 0.04 ppm to 0.16 ppm, a relatively low value when 
compared to world coals (0.02 to 1.0 mg/kg).  Mercury is mostly 
associated with the pyritic portion of coal and has direct correlation to 
As and S content in these coals.  Arsenic in low sulphur coals is mostly 
associated with coal macerals and in higher sulphur coals with pyrite. 
The speciation of As, Cr and Ni indicates that As is mostly present in 
the less-toxic form As+5 and Cr is present entirely as Cr3+, an essential 
human trace nutrient, found in both subbituminous and bituminous 
ranked coals and nickel is present mostly as Ni2+ in oxygen 
coordination and is non-toxic. 
Statistical methods can be used but these have to be used cautiously, as 
there is no, safeguard against the misuse of statistical significance 
instead of experimental significance. 
 
THE VARIATION OF MERCURY IN COAL FROM ALBERTA 
AS IT RELATES TO THE COMPOSITION OF COAL AND 
GEOLOGICAL SETTING  

GOODARZI, F., REYES, J., Environmental Studies, Geological 
Survey of Canada - Calgary, 3303-33rd St. NW, Calgary, AB, T2L 
2A7, Canada, fgoodarz@nrcan.gc.ca, and ROSE, D., Air 
Pollution Prevention Directorate, Environment Canada, 315 St-
Joseph Blvd., Hull, QC, K1A 0H3, Canada 

The mercury and maceral content of subbituminous feed coals burned 
at Alberta power stations was measured and compared to the mercury 
and carbon content of corresponding fly ashes.  The fly ashes were 
collected from electrostatic precipitator (ESP) pollution controls used at 
the power plants.  Four feed coals from the Upper Cretaceous to 
Tertiary age Scollard Formation were deposited in freshwater 
depositional environment and contain 35 to 44% inertinite.  Two feed 
coals from the Upper Cretaceous age Horseshoe Canyon Formation 
were deposited in a brackish water environment and contain 14% 
inertinite. 
The data show that the geology of the coal seam has great influence on 
the abundance of inertinite.  This equates to more unburned carbon in 
ESP fly ash, and to enhanced capture of mercury in cold-side ESP fly 
ash.  This indicates that the inertinite content of a coal seam may be 
indicative of the percentage of unburned carbon, and the percentage of 
mercury captured by a cold-side ESP. 
 
A SYNTHESIS OF CURRENT UNDERSTANDING OF THE 
GEOLOGY, GENESIS AND EXPLORATION OF VHMS 
DEPOSITS, BATHURST MINING CAMP, NORTHERN NEW 
BRUNSWICK  

GOODFELLOW, W.D. and PETER, J.M., Geological Survey of 
Canada, 601 Booth Street, Ottawa, ON, Canada, K1A 0E8, 
wgoodfel@nrcan.gc.ca 

The Bathurst Mining Camp (BMC) is one of Canada’s most important 
base metal mining districts and hosts 24 volcanic-hosted massive 
sulphide (VHMS) deposits with geological resources greater than one 
million tonnes of ore, including the 229 Mt Brunswick No. 12 mine.  
The Pb-Zn-Cu-Ag deposits are hosted within a bimodal volcanic-
sedimentary sequence that is interpreted to have been a Sea of Japan-
style sedimented back-arc basin referred to as the Tetagouche-Exploits 
back-arc basin that opened in the Middle Ordovician.  The BMC is 
comprised of several tectonic blocks (Fournier, California Lake, 
Tetagouche, Sheephouse Brook) that were tectonically dismembered 
and juxtaposed in a west-dipping subduction complex. 
VHMS deposits formed during four major hydrothermal events 
(Chester, Caribou, Brunswick and Stratmat) spanning 12-14 m.y. in the 
Arenigian (465-478 Ma).  Most of the deposits are zoned from a high-

temperature Cu-rich massive core to Pb-Zn-rich bedded ore and bedded 
pyrite facies, and are underlain by a sulphide stringer zone with 
associated widespread hydrothermal alteration.  Brunswick horizon 
deposits are overlain by iron formations that extend for several 
kilometers from the vent site.  Most of the reduced sulphur in BMC 
deposits was derived from an ambient anoxic water column, whereas 
the metals were supplied by both convective hydrothermal and 
magmatic fluids.  The large size of many BMC deposits is due to a 
number of factors that include: a) hydrothermal architecture, b) 
prolonged hydrothermal activity, c) focussed discharge, d) anoxic 
bottom waters that facilitated the total capture of metals, and e) direct 
magmatic input of metals. 
Bathurst deposits have been discovered using a combination of 
geological, geophysical, and geochemical methods.  The four major 
horizons that host almost all VHMS deposits have been mapped in 
detail (1:10,000 scale) throughout the BMC, thereby focusing 
exploration on prospective stratigraphic units.  High resolution (200 m 
line spacing) electromagnetic and magnetic surveys were effective is 
delineating known deposits and defining new exploration targets, one 
of which led to the recent discovery of the Camelback deposit.  Deeply 
penetrating 3D seismic surveys were also successful in location a 
deeply buried VMS deposit near the Halfmile Lake deposit.  Stream 
and till geochemical metal dispersion trains that extend up to 10 km 
from mineralized sources, and geochemically anomalous ground waters 
surrounding mineralized zones offer an effective tool for detecting 
concealed deposits, including those with no surface expression.  In 
addition, mineralogical and geochemical vectors have been developed 
for iron formation and hydrothermal alteration zones that are capable of 
detecting mineralization over a km from the ore deposit. 
 
THE HISTORY OF EXPLORATION AND MINING IN 
CANADA  

GOODFELLOW, W.D., Mineral Resources Division, Geological 
Survey of Canada, 601 Booth Street, Ottawa, ON, K1A 0E8, 
wgoodfel@nrcan.gc.ca 

Canada has long history of mineral development dating from the early 
explorers in the 16th century to the recent discovery of the Ekati 
diamond mine in the Northwest Territories and the Voisey’s Bay 
nickel-copper deposit in Newfoundland.  Well before confederation in 
1842, the Geological Survey of Canada was instituted with the primary 
responsibility of ascertaining the mineral resources of a vast and largely 
unexplored landmass.  Along with other natural resources, the minerals 
industry has played a vital role in the economic development of Canada 
and has contributed to a distinctive frontier culture forged in a rugged 
and commonly hostile landscape.  To quote from Governor General 
Clarkson, thanks to the early geologists and mineral explorers “…the 
huge territory of this northern land was brought bit-by-bit onto paper 
and into the minds and imagination of the early political architects of 
Canada”. 
Although the early settlers produced mostly industrial minerals for 
local use, the age of mining commenced in 1737 with the smelting of 
iron ore discovered along the St. Lawrence River.  This early mining 
operation was followed by the discovery of major mining districts 
across Canada including Meguma (1860), Sudbury (1883), Sullivan 
(1893), Klondike (1896), Colbalt (1903), Porcupine (1909), Kirkland 
Lake (1911), Rouyn-Val-d’Or (1920’s), Yellowknife (1930’s), 
Thompson (1940’s), Bathurst (1950’s), Kidd Creek (1963), Athabasca 
(1968), Ekati (1991) and Voisey’s Bay (1993). 
At the end of 2002, based on data from the Minerals and Metals Sector, 
Natural Resources Canada, there were more than 200 significant mines 
in Canada, mineral exports totaled $49.4 billion, and the mining and 
minerals industries contributed $36.1 billion to the Canadian economy 
(about 3.7% of the Gross Domestic Product) and employed 361,000 
Canadians.  Canada also ranks first in the world in exploration 
expenditures ($513 million in 2001).  Today, over 100 mostly remote 
and rural communities across Canada are dependent on the minerals 
industry.  Toronto, Montreal and Vancouver are home to many of the 
financial services used by the minerals industry, including those 
provided by stock exchanges, underwriters and brokerage houses.  Over 
2000 Canadian-based companies sell specialized scientific or technical 
products for use by mining companies operating in Canada and 
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suppliers of mining goods and services are located in more than 400 
communities across Canada. 
In addition to the above subjects, this talk will also discuss the 
evolution of geologic and ore genetic models, the development of new 
and improved geophysical and geochemical exploration methods, and 
the role that new concepts and technology has played in the discovery 
of Canada’s mineral resources. 
 
FACTORS OTHER THAN AIR TEMPERATURES 
SIGNIFICANTLY INFLUENCE BOREHOLE PALEOCLIMATE 
DATA  

GOSNOLD, W.D., and WOOD, S.P., University of North 
Dakota, Box 8358, Grand Forks, ND 58202 

The fundamental hypothesis of borehole paleoclimatology is that the 
ground surface temperature is systematically coupled with the air 
temperature and that changes in ground surface temperature diffuse by 
conduction into the subsurface and impose a transient “climate” signal 
on the steady-state geothermal gradient.  Heat conduction in rocks is 
slow so that short-period variations diffuse to negligible levels within 
the upper few meters of the surface but long-period variations of 
century scale remain as detectable signals to depths exceeding 100 m.  
This signal may be extracted by inversion of the T-z profile and the 
result is considered to be a climate record with a secular length 
proportional to depth of the borehole temperature measurement.  We 
have tested this hypothesis by comparing temperature vs. depth profiles 
(T-z) recorded in the same boreholes at different times spanning an 18-
year period with data from arrays of nearby climate stations.  Here we 
report results for three borehole sites located in western and north 
central North Dakota.  The sites are separated by 40 to 50 km and span 
Climate Divisions 1 and 2 as designated by the National Climatic Data 
Center.  We compared observed changes in the T-z profiles to both the 
air temperature records during the time interval of interest and synthetic 
temperature profiles generated using the air temperature records as 
forcing signals.  Our comparison used both individual records and 
ensemble records from 26 NCDC climate stations.  NCDC climate 
records show that the mean annual air temperatures cooled 
approximately 0.2 °C between 1984 and 2002 with a cooling trend 
between 1984 and 1995 and a warming trend between 1995 and 2002.  
We modeled subsurface temperatures using the original T-z profiles as 
initial conditions and air temperatures as directly-coupled forcing 
signals and produced results that agreed with the air temperature data.  
In contradiction, the borehole records showed warming of 0.2 to 0.5 °C 
between 1984 and 1995 and warming of 0.1 to 0.25 °C between 1995 
and 2002.  No land surface changes or other microclimatic changes 
occurred at any of the borehole sites during the time period of the 
study.  We tested a model in which freezing of soil moisture blocked 
subfreezing temperatures from diffusion into the subsurface and found 
better agreement between the air temperature trends and the T-z 
profiles.  Our preliminary conclusion is that we have demonstrated that 
factors other than air temperature significantly affect the subsurface 
temperature. 
 
TIGHTENING THE DEGLACIAL HISTORY AND GLACIAL 
EROSION OF ATLANTIC CANADA:  EXPOSURE AGES OF 
BEDROCK AND BOULDERS  

GOSSE, J.C., MACDONALD, F., STAIGER, J., YANG, G., 
Dalhousie University, Halifax, NS, B3H 3J5, john.gosse@dal.ca, 
BELL, T., Memorial University of Newfoundland, St. John's, NL, 
GRAY, J., Universitie de Montreal, Montreal, QC, and STEA, R., 
NS Dept. Natural Res., Halifax, NS 

Due partly to the complexities of topography and proximity to the sea, 
the Quaternary record of glaciation in Atlantic Canada has spanned a 
spectrum of conceptual models from complete cover by the LIS to 
isolated but coalescing ice caps punctuated with nunataks during at 
least the LGM.  Since the initial measurements in western 
Newfoundland in 1993, cosmogenic nuclide data seem to support a 
growing account from offshore and other records of an intermediate 
degree of ice cover where summits were glaciated but by non-erosive 
ice. 

Boulders at Peggy's Cove have an exposure history of 16.0±0.2 ka 
(n=4), supporting the offshore moraine chronology and lake sediment 
chronologies in the region.  However, bedrock ridges under those 
boulders yield ages from 16 to ~100 kyr, indicating that the ice sheet 
was not effective at eroding the coastal plain Halifax pluton.  On the 
coastal highlands of western Newfoundland previously believed to be 
nunataks during the LGM, erratic boulders on the St. John's Highland 
(13.5±0.4 ka, n=4) and on Big Level (20.9±3.0, n=1) mark the timing 
of deglaciation which is consistent with existing radiocarbon 
chronology and interpretations of offshore multibeam bathymetry data.  
However, bedrock in the highland summits record a much longer 
exposure history, in places over half a million years, indicating that 
although the glacial ice cover was extensive, ice dynamics of a 
polythermal glacier inhibited erosion of the summits whereas erosion in 
the valleys was intense.  This observation is consistent with the pattern 
of glacial erosion in the Torngat Mountains.  On the subsummit 
plateaus where erratics average 11 ka (Younger Dryas chron), the 
bedrock they rest on range from 11 ka to > 350 ka.  An increasing 
concentration with elevation above the valley floor is apparent and 
supports an erosion mechanism linked to the basal thermal regime of 
the ice.  A clearer account of glacial erosion under polythermal ice has 
been recently documented with cosmogenic nuclides from paleo-
Barnes Ice Cap drift on Baffin Island. 
 
TECTONIC INFLUENCES ON QUATERNARY VOLCANISM 
OF METHANA, SOUTH AEGEAN ARC, GREECE  

GOULD, K., kathleen.gould@smu.ca, PE-PIPER, G., Saint 
Mary's University, Halifax, NS, B3H 3C3, and PIPER, D.J.W., 
Geological Survey of Canada (Atlantic), Bedford Institute of 
Oceanography, Dartmouth, NS, B2Y 4A2 

The peninsula of Methana is a complex andesite-dacite volcanic centre 
near the western end of the active South Aegean arc.  The most recent 
eruption was in 230 BC and all radiometric ages are younger than 1 
Ma.  This study investigates the role that neotectonics has played in 
localising volcanic eruptions and its possible influence on magma 
genesis.  To the south of Methana, most active Quaternary normal 
faults trend N-S, whereas to the north, the regional trend of active 
normal faults is ESE-WNW.  Previously published maps were used as a 
basis for volcanological observations, sampling and measurement of 
structures that cut volcanic rocks of different ages.  All structural and 
map data were assembled in a GIS project.  Petrographic thin sections 
and geochemical analyses were made of representative rock samples. 
The volcanic succession is divided into eight periods, based on 
superposition, geomorphology, and a few radiometric dates.  At a map 
scale, many domes are elongate in an E-W direction and previous 
studies have suggested that stratovolcanoes formed at the intersection 
of E-W and NE-SW fault systems.  Even the youngest volcanic units 
(period 8) show some tectonic deformation, with subvertical E-W 
trending shear fractures.  Older rocks of periods 6-3 show predominant 
N-S faulting, although most map-scale fissures trend E-W.  In period 2, 
small flow-banded eruptions are common, with sub-vertical flow 
banding trending either NE-SW or NW-SE.  In period 1, sparse sub-
vertical flow banding trends N-S and the faulting patterns are complex, 
probably reflecting changes in stress fields.  The changing patterns of 
fault deformation can be related to regional changes in fault patterns 
through the Quaternary in the Aegean arc, with extension across older 
east-west faults resulting from strike-slip on NE- or NNE-trending 
faults. 
The volcanic rocks are principally andesites and dacites, with a few 
basaltic andesites.  Many petrographic textures indicate the importance 
of magma mixing, including complexly zoned plagioclase with spongy 
cellular zones, ovoidal crystals, and mafic enclaves with chilled and 
lobate margins.  The relationship of evidence of mixing to the fault 
patterns has been investigated. 
 
GEOMORPHOLOGIY OF AN EXHUMED EMSIAN 
PALEOSURFACE IN SOUTHWESTERN GASPÉ PENINSULA, 
QUÉBEC 
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GRANGER, B., Hydro-Québec Pétrole et gaz, Place Iberville II, 
1175, avenue de Lavigerie, bureau 050, Ste-foy, QC, Canada 
granger.bernard@hydro.qc.ca 

High-resolution seismic data acquired in 2003 at the mouth of Chaleurs 
Bay in the Miguasha Peninsula, have been analysed in conjunction with 
surface geology and the results from two deep wells drilled in 2004.  
The survey is located near the hinge zone of the gently dipping south 
flank of the Restigouche Syncline.  The seismic survey imaged a flat-
cut Emsian angular unconformity that truncates the Lower Devonian 
and Upper Silurian succession.  The unconformity corresponds to an 
exhumed topographic surface which is partly exposed at the mouth of 
the bay in Northern New Brunswick, as well as an exhumed 
topographic surface also exposed northeast of the survey area in the 
Maria - Port-Daniel area. Under the Miguasha Peninsula, at the 
unconformity level, a major scarp (Miguasha paleo-scarp) marks the 
boundary between an upper planation surface to the northwest and a 
lower planation surface to the southeast.  This paleo-scarp is exhumed 
on the south side of the bay in New Brunswick and can be traced 
northeast of the survey area where it is known as the Garin scarp.  The 
Garin scarp marks the limit between the relatively high altitude 
"Gaspesian Plateau" to the northwest and a low altitude, flat-cut 
exhumed topographic surface to the southeast.  The Emsian 
Unconformity has far-reaching consequences with respect to the 
petroleum potential of the southern part of the Gaspé Peninsula as well 
as for the understanding of the tectonic evolution of the Gaspé fold belt. 
 
DEVELOPMENT OF AN INDICATOR OF THE RISK OF 
TRACE ELEMENT CONTAMINATION  

GRANT, C.A., AAFC Brandon Research Centre, Box 1000A, 
R.R.#3, Brandon, MB, R7A 5Y3, cgrant@agr.gc.ca, 
SHEPPARD, S.C., SHEPPARD, M.I. and TAIT, J.C., 
ECOMatters Inc., Pinawa, MB 

All soils in Canada are subject to a continuous input of trace elements 
from dust and atmospheric deposition.  On agricultural lands, this may 
be augmented by trace elements added in irrigation water, fertilizer, 
manure, sludge and other agronomic inputs.  There can be considerable 
public concern about this, and it is an issue that warrants careful 
monitoring.  Under the National Agri-Environmental Health Analysis 
and Reporting Program (NAHARP), there is an initiative to create a 
national-level index of the present loadings of trace elements to 
agricultural land.  The NAHARP Index for trace elements would 
evaluate and quantify the balance of inputs and losses of trace 
elements.  In general, the index will draw upon geo-referenced soils 
data as a base map that would be layered with the trace element 
information.  The index needs to account for inputs to soil, losses from 
soil, effects of chemical speciation, toxic or health effect levels 
(thresholds), and cumulative effects of multiple contaminants.  A 
scoping study has evaluated international experience, the availability of 
the required data and the appropriateness of the data and models to 
meet the NAHARP objectives.  Alternative formulations to the index 
have been considered.  One conceptual model for an index has been 
developed that is a single expression of the risk of impact from multiple 
trace elements from multiple sources.  A stochastic model is 
recommended to meld information about inputs to the map-based soils 
information.  The Trace Elements indicator is very achievable, building 
upon related indicators in the literature.  One of the most critical 
aspects is the ability to report on ‘hot spot’ soils where because of land 
spreading of municipal or industrial waste, there is greater potential for 
accumulation of trace elements.  Such situations can be incorporated 
into a risk indicator using probabilistic modeling methods.  Although 
these situations are typically licensed applications, the NAHARP 
indicator will be the first Canadian inventory of overall impact. 
 
CADMIUM ACCUMULATION IN WHEAT AS AFFECTED BY 
INPUT LEVEL AND ROTATIONAL DIVERSITY  

GRANT, C.A., AAFC-Brandon, Box 1000A, R.R.#3, Brandon, 
MB, R7A 5Y3, cgrant@agr.gc.ca, and BRANDT, S., AAFC-
Scott, P.O. Box 10, Scott, SK, S0K 4A0 

Cadmium concentration in crops is influenced by management 
practices, including fertilizer application and crop sequence.  The study 

was established in 1994 at Scott, SK, Canada on a Dark Brown 
Chernozemic soil and evaluated the effects of organic, reduced and 
high input levels in combination with three six-year crop rotations 
varying in crop diversity on agronomic productivity and Cd 
accumulation.  The major difference between input levels was the 
exclusion of pesticides and chemical fertilizers and heavy reliance on 
tillage in the organic system.  Wheat (Triticum asetivum L.) from the 
2001 harvest was analysed to determine the cumulative effect of six 
years of management on seed Cd concentration.  Seed was digested in 
nitric and perchloric acid and the Cd concentration determined with a 
Varian 300/400 atomic absorption spectrophotometer using a graphite 
furnace with deuterium correction.  Statistical analysis was conducted 
using the Mixed procedure of SAS. 
Grain yield, Cd concentration and hence total Cd accumulation were 
higher with reduced or high inputs than in the organic system.  Low 
yield in organic system was associated with weed competition and low 
fertility.  The reduced and high input wheat received an average of 42 
kg N and 15 kg P ha-1 in 2001.  Nitrogen and P fertilizers can increase 
Cd concentration and uptake in the year of application.  Since the 
initiation of the study, about 15 g Cd ha-1 was applied to the reduced 
and high systems in phosphate fertilizer. 
Within an input level, available soil moisture had a dominating effect 
on crop yield, Cd concentration and total Cd uptake.  Moisture 
conservation increased wheat yield on fallow as compared to canola or 
flax stubble in the reduced and high input systems, but extreme weed 
competition severely reduced yield on fallow in the organic system.  
Wheat grown on fallow had higher grain yield, lower Cd concentration 
and higher Cd uptake than wheat grown on stubble, while low moisture 
availability to wheat grown after canola in a diversified perennial 
rotation led to low crop yield, high Cd concentration and low Cd 
accumulation.  With similar input levels, increased crop yield was 
associated with lower Cd concentration but higher total Cd uptake.  
Crop Cd concentration and total Cd uptake in this study appeared to be 
influenced by both biological dilution and transpirational effects.  
However, application of chemical fertilizer and pesticides increased 
both wheat yield and Cd concentration so total Cd uptake was much 
higher than with organic production. 
 
ROCK AND ROLE-PLAYING, AND OTHER GEOLOGY 
GIMMICKS  

GRANTHAM, M.E., Nova Scotia Museum of Natural History, 
1747 Summer Street, Halifax, NS, B3H 3A6, 
granthme@gov.ns.ca 

Mention geology and the eyes of non-geoscientists glaze over as they 
conjure images up of rocks lying inanimate in a field.  It is the role of 
geoscience educators to bring geology to life, to share the stories of 
rocks, minerals and fossils, and provide others with the tools to unlock 
these secrets. 
In this age of virtual reality, there is still nothing like the real thing … 
“real” reality! Real specimens of rocks, minerals and fossils, tell their 
stories better than any books or images.  Better still is being in the field 
and seeing geology first hand, particularly when there is a means to 
interpret what is seen, be it an informed leader or a good guide book. 
Discover some methods used to unlock the stories told by the rocks and 
the means to translate these stories to those who do not speak 
“geologese”.  Learn some geological time-tested recipes and tips for 
revealing geological secrets, whether by personifying rocks and 
minerals, role-playing geological themes, use of intriguing props and 
specimens, or hands-on and brains-on activities. 
You’ll also discover how museums and interpretation centres can 
provide venues for learning opportunities and resources.  Museums 
such as the Nova Scotia Museum of Natural History, Fundy Geological 
Museum, the New Brunswick Museum, the Johnson GEO CENTRE, 
and the Museum of Newfoundland and Labrador provide exhibits, 
classes, programs, publications and other resources which focus on the 
geological stories in their regions.  In addition, the Nova Scotia 
Museum provides a series of educational kits for loan, primarily to 
educators, many on geological themes. 
Be prepared to rock! 
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USE OF STABLE ISOTOPE PROBING OF PLFAS TO 
IDENTIFY METABOLICALLY ACTIVE SOIL ORGANISMS  

GRAYSTON, S.J., Department of Forest Sciences, University of 
British Columbia, Vancouver, BC, V6T 1Z4, 
sue.grayston@ubc.ca, TREONIS, A.M., Department of Biology, 
Creighton University, 2500 California Plaza, Omaha, NE 68178, 
USA, OSTLE, N.J., STOTT, A.W., Lancaster Environment 
Centre, University of Lancaster, Lancaster, Lancs, LA1 4YQ, 
UK, PRIMROSE, R. , Environmental Sciences Group, The 
Macaulay Institute, Craigiebuckler, Aberdeen AB15 8QH, UK, 
and INESON, P., Department of Biology, University of York, 
P.O. Box 373, York YO10 5YW, UK 

Application of 13C labelling of biomarkers has shown its potential to 
directly link microbial populations to specific biogeochemical 
processes.  The aim of the research reported here was to study the 
impact of liming of grasslands on rhizosphere carbon flow and its 
incorporation into soil microbial communities.  This was achieved 
through application of 13C pulse-labelling to grass swards in the field, 
which were limed or unlimed.  This was followed by GC-IRMS of 
phospholipid fatty acids (PLFA) extracted from the soils, to assess 
which members of the microbial community were actively involved in 
assimilation of root-derived C in these grassland soils.  We 
hypothesized that the application of lime would stimulate more rapid 
13C assimilation and turnover in microbial PLFAs.  Four and 8 d after 
label application, 18:1v9, 18:2v6, 9 (fungal biomarkers) and 16:1v7, 
18:1v7, 19:0cy (Gram-negative bacterial biomarkers) showed the most 
13C enrichment and rapid turnover rates.  This suggests that these 
microorganisms were assimilating recently-photosynthesized root C 
inputs to soils.  Contrary to our hypothesis, liming did not affect 
assimilation or turnover rates of 13C-labelled C.  13C stable isotope 
pulse-labelling technique paired with analyses of PLFA microbial 
biomarkers shows promise for in situ investigations of microbial 
function in soils. 
 
VARIABLE RETENTION HARVESTING:  DOES IT 
MAINTAIN SOIL FUNCTION AFTER HARVEST?  

GRAYSTON, S.J.1, sue.grayston@ubc.ca, ADDISON, J.A.2, 
BASILIKO, N.1, BERCH, S.M.3, DEMONTIGNY, L.3, 
DURALL, D.M.4, EGGER, K.N.5, JONES, M.D.4, MODESTO, 
R.6, MOHN, W.W.7, PANESAR, T.S.2, PRESCOTT, C.E.1 and 
SRIVASTAVA, D.S.8,  1 Department of Forest Sciences, 
University of British Columbia, Vancouver, BC, V6T 1Z4;  2 

Department of Science Technology and Environment, Royal 
Roads University, Victoria, BC;  3 BC Ministry of Forests, 
Victoria, BC;  4 Department of Biology, Okanagan University 
College, Kelowna, BC;  5 Department of Ecosystem Science and 
Management, University of Northern British Columbia, Prince 
George, BC;  6 International Forest Products Limited, Campbell 
River, BC;  7 Department of Microbiology and Immunology, 
University of British Columbia, Vancouver, BC;  8 Department of 
Zoology, University of British Columbia, Vancouver, BC 

In forests variable retention of living trees is increasingly being favored 
as an alternative to clear-cutting.  There is clear evidence that clear-
cutting affects the biomass, diversity and community structure of soil 
microorganisms and soil invertebrates.  There is also evidence that 
partial cutting has a smaller effect than clear-cutting on soil organisms.  
What is less clear, is which type of partial cutting best protects soil 
biodiversity and functioning.  This project brings together a unique 
multi-disciplinary group of researchers to apply a range of molecular 
and biochemical methods to quantify changes in soil microbial and 
faunal diversity and function in response to harvesting.  The project is 
using the Silviculture Treatments for Ecosystem Management in the 
Sayward (STEMS) installation near Elk Bay on Vancouver Island.  
STEMS is a large, multi-disciplinary field experiment that compares 
the ecological, biological and socio-economic effects of seven 
silvicultural systems including clear-cut, uncut, group selection, patch 
cuts, dispersed retention and aggregated retention. This experiment 
allows us to examine the same soils pre- and post-harvest.  Our 
investigations will determine how soil communities change, whether 
key species are lost, and if retention of green trees of different 

aggregate sizes and density ameliorate modifications of these 
communities.  Changes in rates of soil processes will be concurrently 
measured to determine if the observed alterations in soil communities 
have serious consequences for soil functioning. 
 
NORTH MOUNTAIN BASALT – AN HISTORICAL AND 
PETROLOGICAL PERSPECTIVE  

GREENOUGH, J.D., Department of Earth and Environmental 
Sciences, Okanagan University College, Kelowna, BC, V1V 1V7, 
jdgreeno@ouc.bc.ca, DOSTAL, J., Department of Geology, St. 
Mary's University, Halifax, NS, B3H 3C3, and COLWELL, J., 
Department of Geology, Acadia University, Wolville, NS, B0P 
1X0 

Stretching in the subsurface from off of Maine to outcrops near Truro 
(Nova Scotia; ~300), and across the Bay of Fundy, from Grand Manan 
Island (New Brunswick) to Brier Island (Nova Scotia; ~ 100 km), the 
two thick (~150 m) Jurassic (Hettangian; 202 Ma) flows of North 
Mountain Basalt (NMB) may be the largest continental lava flows on 
Earth.  A middle unit of thin flows separates the thick flows; a 
stratigraphy traced along North Mountain by J. Colwell in the 1970’s.  
Before this (1916), S. Powers pointed out internal layering in the thick 
flows to N.L. Bowen who used it to champion the role of crystal 
differentiation in mafic intrusions.  Sr isotopes confirm the stratigraphy 
and lateral continuity of the Lower and Upper thick flows.  However, 
major element compositions change toward the northeast due to 
decreasing orthopyroxene contents.  This suggests that two major 
pulses of northeast-moving magma flowed through a dyke system that 
fed fissure eruptions.  Magma acquired a lithospheric mantle or 
continental crust signature during movement.  Relationships between 
Rb/Sr, Sr concentrations and Sr isotopic ratios suggest assimilation of 
partial melts rather than bulk assimilation.  The thick flows cooled from 
~1100°C to 1000°C over a 100 to 300 year period.  The lower parts of 
the flows contain pipe vesicles overlain by columnar jointed basalt with 
a variably thick section containing bronzite phenocrysts.  Above the 
columnar joints the upper 50 to 60 m contain horizontal and laterally 
continuous (> 100 m) segregation veins typically 0.3 m thick and 
spaced ~1 m apart. Veins change in character with depth.  The 
uppermost, first-formed (after 0.5 years) segregation veins are highly 
vesicular and contain the most “bizarre” chemical compositions in the 
flow.  Enrichments in elements typically associated with “fluids” 
suggest these veins were chemically affected (e.g. Pd-enriched) by 
volatile-enriched magma “plumes” rising from deep in the flow.  The 
lowermost veins (depth ~ 50 m; formed after 25 years) contain comb-
textured mafic pegmatites bearing 1-2 cm-thick, vesicular “rhyolite” 
bands.  The bands apparently formed when exsolved gases forced 
interstitial, siliceous immiscible liquids out of the mafic pegmatites 
creating a second segregation-vein in the middle of the first (mafic 
pegmatites).  These siliceous segregation veins suggest that silicate 
liquid immiscibility could be an important rock-forming process in 
mafic intrusions.  Further, the uppermost, chemically “unusual” 
vesicular veins imply that element movement by volatile complexes 
may be an important process in the early differentiation of mafic 
intrusions. 
 
FROM ANCIENT EGYPT TO PREHISTORIC AMERICA – 
ADVENTURES IN GEOCHEMICAL ARCHAEOMETRY  

GREENOUGH, J.D., jdgreeno@ouc.bc.ca, and MALLORY-
GREENOUGH, L.M., Department of Earth and Environmental 
Sciences, Okanagan University College, 3333 University Way, 
Kelowna, BC, V1V 1V7 

Our experiments on artifacts over the past decade illustrate the potential 
and limits of geochemistry for studying ancient peoples and solving 
archaeological problems.  Materials examined include dacite artifacts 
from western North America, basalt vessels from the Middle East and 
ancient Egyptian pottery.  Analytical methods applied to all materials 
include whole-sample analysis by inductively coupled plasma emission 
spectroscopy (major elements and trace elements), X-ray fluorescence 
(various trace elements), inductively coupled plasma - mass 
spectrometry (ICP-MS; many trace elements including the REE) and 
electron microprobe (EMP) analysis of minerals in rocks and temper 
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(rock fragments in pottery added during manufacture).  Whole sample 
analysis has several advantages over microanalysis; analytical costs are 
lower, a comparison analytical data base (potential bedrock sources or 
other artifacts) is more likely to already exist, and individual analyses 
provide statistically useful information.  The major disadvantage of 
whole-sample analysis is sample size; priceless artifacts cannot be 
sacrificed for analysis!  In contrast, samples as small as 0.001 g provide 
reproducible “fingerprints” given multiple (~15), major element, EMP 
analyses of individual minerals.  Aside from petrography, microprobe 
analyses are one of the few methods of studying the “recipe” and 
origins of temper added to pottery.  Examples of major archaeological 
conclusions from our studies include:  1) the whole-sample 
composition of Nile silt pottery produced over thousands of years of 
Egyptian history reflects climate variations in Africa that affected 
tributary contributions to Nile sediment load;  2) the source of mafic 
(lamprophyre) temper used in ancient Egyptian pottery has never been 
identified and is not the previously-assumed Haddadin (tholeiitic) lava 
flow;  3) a small number (5 vessels) of whole-sample analyses, and 
mineral analyses (mainly augite and plagioclase) from microsamples of 
over 100 rare, ancient Egyptian, basalt vessels (6000 B.C. to 3000 
B.C.) show that the vessels were produced from a single basalt lava 
flow (Haddadin) in northern Egypt;  4) these vessels provide evidence 
for well-established, long-distance trade between Lower and Upper 
Egypt during the Predynastic Period;  5) dacite is the most common 
material used in ancient tool manufacture in western North America;  
6) mineral (orthopyroxene, plagioclase, augite and olivine) and whole-
sample analyses show that despite the presence of “mountains” of 
reduction flakes at some localities (e.g. Arrowstone Hills near Cache 
Creek B.C.) most dacite was only used locally;  7) dating of strata 
bearing fingerprintable dacite artifacts provides time-depth (> 8000 
years) for utilization of individual dacite quarries. 
 
THERMAL HISTORY OF THE REGION BETWEEN 
NORTHERN BAFFIN BAY AND NARES STRAIT IN CANADA 
AND GREENLAND:  CONSTRAINTS FROM APATITE 
FISSION TRACK AND (U-Th)/He DATING  

GRIST, A.M., agrist@dal.ca, and ZENTILLI, M., 
zentilli@dal.ca, Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4J1, Canada 

Apatite fission track (AFT) and (U-Th)/He data have been obtained for 
samples collected from Proterozoic to Neogene lithologies along the 
margin between Ellesmere Island and Greenland, and Devon and 
Baffin Islands in the Canadian Arctic Archipelago.  These data provide 
important insights into this region’s complex thermal history. 
During Late Paleozoic - Mesozoic time this area was a sediment source 
region for the Sverdrup Basin developing to the west.  AFT age - track 
length (TL) relationships are consistent with multiple phases of 
exhumational cooling.  Data from samples obtained proximal to the 
basin margin record Late Paleozoic cooling, likely related to uplift of 
rift flanks and widespread clastic sedimentation during early rifting and 
thermal subsidence.  Data from more distal samples reflect Early 
Mesozoic cooling, likely related to epeirogenic denudation of sediment 
source areas during periods of increased basin subsidence and high 
sediment supply from extensive river systems in Triassic time. 
Samples obtained from around northern Baffin Bay have Early Jurassic 
AFT ages, but also have broad or bimodal TL distributions, indicating 
the AFT data has been partially reset.  Late Cretaceous (U-Th)/He ages 
in samples from Cape Faraday and Orne Island, and from Mansen and 
Carey Øer in northern Baffin Bay suggest increased 
exhumation/cooling was related to flank uplift and denudation during 
Late Cretaceous rifting in Baffin Bay.  Rapid denudation rates are 
indicated for southeastern Devon Island, consistent with a thick 
accumulation of presumed Upper Cretaceous strata in Lancaster Sound.  
Slower denudation rates are indicated for Rensselaer Bugt, and Kap 
Trautwine, Greenland. 
Along Nares Strait, the AFT data and (U-Th)/He ages reflect thermal 
effects of mafic volcanism, strike-slip or flank uplift exhumation, and 
minor thrust exhumation related to Paleogene plate movements 
between Greenland and Ellesmere Island during the Eurekan Orogeny.  
However AFT ages are older than those obtained for thrust fault 
hanging wall samples in central Ellesmere Island, suggesting Eurekan 

tectonics began earlier near the strait.  These data offer support for the 
existence of the Wegener Fault however, only limited strike-slip 
deformation likely occurred along the strait, and it was instead 
partitioned into discrete thrust fault zones across a wide belt. 
Samples obtained from Archean gneisses and Franklinian dykes have 
very high samarium contents (up to 500 ppm), and a significant 
proportion of the radiogenic helium (up to 20%) is Sm-derived.  This 
observation demonstrates the importance of determining rare earth 
element compositions for all apatite (U-Th)/He samples. 
 
BULK VOLUME CHANGE UPON FREEZING OF SOIL  

GROENEVELT, P.H., University of Guelph, Guelph, ON, N1G 
2W1, pgroenev@uoguelph.ca, and DAGESSE, D.F., Brock 
University, St. Catherines, ON 

Upon freezing, soil will either shrink or expand.  The determining 
factor is the initial percent saturation and the absence/presence of an 
outside water supply.  In the absence of an outside water supply, soils 
will, in general, shrink upon freezing, unless the initial percent 
saturation is very high.  The mechanism, which causes this shrinkage, 
will be discussed.  Increasing initial percentage saturation will cause 
greater shrinkage until the shrinkage reaches a maximum, upon which 
the action of a second physical phenomenon takes over.  Further 
increases in initial percent saturation cause this second mechanism to 
become stronger until the effects of the two mechanisms balance each 
other and no bulk volume change upon freezing is observed.  Further 
increases in initial percent saturation will cause the soil to expand upon 
freezing, until the expansion reaches a maximum at one hundred 
percent initial percent saturation.  The curve describing the bulk 
volume change as a function of the initial percent saturation is 
dependent on the freezing temperature.  A mathematical model will be 
presented that describes the complete bundle of temperature-dependent 
curves all the way from zero to one hundred percent initial percent 
saturation. 
 
EXTRACTING RHEOLOGIC INFORMATION FROM FIELD 
DATA  

GROOME, W.G., wesley.groome@umit.maine.edu, JOHNSON, 
S.E. and KOONS, P.O., Department of Earth Sciences, University 
of Maine, Orono, ME, USA, 04469 

Rheologic information extracted from naturally-deformed rocks allows 
us to establish an important link between field geology and lithosphere-
scale geodynamic models.  We present a field example from eastern 
New Hampshire using foliation refraction angles to extract relative 
effective viscosity ratios between the metapelitic and metapsammitic 
portions of turbidite beds.  We consistently found reverse refraction in 
which a penetrative foliation (S1) had a lower angle to bedding in the 
metapsammitic layers than the metapelitic layers, suggesting that the 
metapelitic layers had a higher relative effective viscosity than the 
interbedded metapsammitic layers.  A systematic collection of bedding-
foliation angles in metapelitic and metapsammitic layers indicates that 
the metapelitic layers were 1.5-1.8 times more viscous than the 
metapsammitic layers.  During the development of a later foliation 
(S4), the relative effective viscosity between the metapelitic and 
metapsammitic layers reversed, indicated by boudinaged 
metapsammitic layers in a metapelitic matrix.  The change in relative 
effective viscosity between the two deformations was apparently due to 
changes in mineralogy during prograde metamorphism.  Prior to, or 
synchronous with, the early deformation, abundant andalusite 
porphyroblasts grew in the metapelitic layers, stiffening them relative 
to the metapsammitic layers.  However, during the later deformation, 
these porphyroblasts were variably pseudomorphed by sillimanite and 
muscovite, which weakened the metapelitic layers relative to the 
metapsammitic layers.  The rheologic evolution documented in our 
field area could lead to larger-scale transient strain partitioning during 
orogenesis, which would affect crustal-scale fluid flow pathways, the 
location of active metamorphism and the topographic evolution of an 
orogen. 
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THE USE OF OPTICAL AND MULTI-BEAM RADAR 
SATELLITE IMAGERY FOR SURFICIAL MAPPING IN 
CANADA'S ARCTIC  

GRUNSKY, E.C., egrunsky@nrcan.gc.ca, HARRIS, J.R., 
MCMARTIN, I., Geological Survey of Canada, Ottawa, ON, K1A 
0E8, Canada, and LITTLE, T., Geological Survey of Canada, 
Calgary, AB, T2L 2A7, Canada 

Multi-beam RADARSAT-1 imagery, composed of varying incidence 
angles and look directions, have been used to study the surficial 
geology and landforms in the Churchill Tectonic Province of Canada’s 
north (1:250,000 NTS map sheet 66A) and northern Baffin Island 
(1:250,000 NTS map sheet 37G). 
Principal component analysis was applied to the orthorectified and 
Gaussian filtered multi-beam data.  Each component image highlights 
different elements of the terrain (surficial and vegetational) as a 
function of different imaging geometries.  By combining various 
principal component images into a colour ternary image, separation of 
various surficial units can be obtained.  In addition, classification of the 
component images and raw images produces terrain maps that highlight 
features of the landforms, surficial geology and vegetation types.  
Validation of the classification is based on surficial geological mapping 
(1:125 000 scale), LANDSAT TM, and digital elevation model 
integrated into a Geographical Information System. 
 
Cr-Ca AND RELATED CHARACTERISTICS OF 
PERIDOTITIC GARNETS FROM THE CENTRAL SLAVE AND 
CENTRAL KAAPVAAL CRATON ROOTS, WITH 
IMPLICATIONS FOR CARBON IN PERIDOTITE  

GRÜTTER, H.S., Mineral Services Canada, #205-930 
Harbourside Drive, North Vancouver, BC, V7P 3S7, 
herman.grutter@mineralservices.com; and ANCKAR, E., 
University of Cape Town, Rondebosch, 7700, South Africa, 
eva@geology.uct.ac.za 

We compare and contrast the Cr, Ca, Ti and Mg/(Mg+Fe) 
characteristics of mantle-derived Cr-pyrope garnets that represent 
average central Slave (CSL) and average central Kaapvaal (CKV) 
garnet-facies peridotite.  Cr-pyrope compositions are broadly similar, 
but CKV lithosphere experienced higher maximum depletion, 
significant late Ca-Fe-Ti metasomatism and is significantly thinner than 
CSL lithosphere.  Garnet compositions from both cratons contain 
arrays with Cr2O3/CaO ~ 0.94 that reflect a chromite-saturated 
condition, usefully employed for comparative barometry of Al-depleted 
upper mantle peridotite.  A simple Ca projection is used to illustrate 
that the position of the economically significant G10/G9 garnet divide 
applies exactly to CSL garnet compositions, even though it was 
calibrated on type-locality garnet data from the CKV.  The distribution 
with temperature of garnet Cr-Ca and Ti relations reveals a similar 
pressure-temperature regime for garnet lherzolite on both cratons and 
highlights the presence of a rare, compositionally distinct marker 
horizon with high-Cr G10 garnet compositions that coexist with 
chromite at extreme depth near the presumed base of the CSL 
lithosphere.  Our investigation confirms that clinopyroxene-free 
harzburgite occupies almost half of the CSL garnet-facies lithospheric 
section at shallow depth.  The distribution of this ultradepleted layer 
(UDL) is known to coincide in three-dimensional space with an equally 
unusual lithospheric conductor which is speculated to result from an 
unusual concentration of graphite in the UDL, based on the empirically 
established preference of carbon for clinopyroxene-free harzburgite in 
CKV lithosphere.  Current knowledge of inclusions in CSL diamonds 
show a similar preference to exist in CSL lithosphere.  The nature of 
the carbon-harzburgite association is examined in the light of petrologic 
data regarding the genesis of high-Cr/Al and high-Mg/Ca depleted 
peridotitic bulk compositions and the growth of Cr-pyrope garnets in 
these peculiarly Archean rocks.  The analysis supports tectonic 
scenarios in which cratonic lithosphere grows by subcretion or 
advection of low-pressure oceanic or sub-arc peridotite, below pre-
existing or concurrently evolving continental crust.  Diamond growth in 
mantle roots occurs during or after such tectonic events and requires 
addition, in batches, of carbon-charged fluids that preferentially react 
with, and deposit carbon in, clinopyroxene-absent peridotite. 

 
A VIEW ON THE CONTRIBUTION OF HERB HELMSTAEDT 
TO CRATON EVOLUTION OVER FOUR DECADES (1973 – 
2005)  

GURNEY, J.J., University of Cape Town, Department of 
Geological Sciences, Rondebosch, 770. South Africa 

At the first Kimberlite Conference in 1973, Herb Helmstaedt, in co-
authorship with Ron Doig, presented a seminal paper linking lawsonite 
bearing eclogite xenoliths found in kimberlites on the Colorado Plateau 
with shallow subduction.  At that time this was an almost heretical 
concept that has taken several decades for it’s significance to be fully 
recognised.  In the thirty two years since then he has continued to 
introduce and gain recognition for important factors and even 
fundamental concepts relevant to the accretion of continental cratons, 
the emplacement of kimberlites and the occurrence of diamonds in 
crustal rocks.  These include introducing imbrication of the subduction 
limb to achieve shallow subduction, “mantle root friendly” and 
unfriendly” processes, subduction of Proterozoic rocks beneath 
Archaean craton roots, and the relevance of craton size and shape. 
The significance of many of Helmstaedt's ideas have been illustrated by 
the results of the SNORCLE project in Canada, complemented by 
related investigations on the Kaapvaal craton, leading most recently to 
an advanced deposit model for the Kaapvaal. 
This model commences with the convergence of early continental 
nuclei of the future Kaapvaal craton (Eastern Domain and Western 
Domain) between 3.0 and 2.9 Ga by westward subduction of oceanic 
lithosphere.  Each nucleus has its own P-type diamond budget.  The 
first cover sequence (Dominion Group) was deposited on the older 
Eastern Domain, and the West Rand Group deposited in a basin along 
the western margin of the Eastern Domain.  While the Western Domain 
is underplated by oceanic lithosphere (with E-type diamonds), the 
Kraaipan arc is formed on its eastern margin. 
This is followed by the collision at ca. 2.9 Ga of Eastern and Western 
domains with Eastern Domain in a lower plate setting.  Suture between 
the two domains is represented by the Colesberg lineament.  The 
“Western Orogen” acts as source area for the Central Rand Group 
which is deposited on the Eastern Domain in a foreland-basin setting.  
Detrital diamonds in the Central Rand Group represent the oldest 
detrital diamonds discovered to-date, suggesting that kimberlites 
formed in the source area had sampled diamondiferous lithosphere. 
A hypothetical cross-section of composite diamondiferous lithosphere 
under the Kaapvaal craton at the latitude of Kimberley outlines the 
lithospheric root and mantle sections for the time of the Cretaceous 
kimberlite event utilising diamond inclusion dates and crustal mineral 
ages. 
The resultant composite mantle has acted as host to a number of 
diamond formational events, most probably in metasomatic processes.  
These have been spread over a wide time range of perhaps as much as 
3.4 Ga, the majority associated with crustal recycling through 
subduction. 
 
GEOSCAPE SOUTHERN SASKATCHEWAN:  BEYOND THE 
POSTER  

HAIDL, F.M., Geoscience Co-chair, SGS Geoscape Committee, 
Saskatchewan Industry and Resources, 201 Dewdney Ave. E., 
Regina, SK, S4N 4G3, fhaidl@ir.gov.sk.ca, GRAPES-YEO, K., 
Teacher Co-Chair, SGS Geoscape Committee, PO Box 234, 
Regina, SK, S4P 2Z6, and NIMEGEERS, A.N., Co-chair, SGS 
School Liaison Committee, Saskatchewan Industry and 
Resources, 201 Dewdney Ave. E., Regina, SK, S4N 4G3 

Geoscape Southern Saskatchewan, a large-format poster developed by 
NRCan and Saskatchewan Industry and Resources, in partnership with 
other government agencies, universities and industry, was completed in 
December 2003.  Its panel themes include: linking glaciation to 
landscape and land use; water resources; geological hazards; geological 
history; and the energy and mineral resources (such as petroleum, coal, 
potash and diamonds) that are so significant to Saskatchewan's 
economy and employment situation.  The poster is intended to deepen 
public appreciation of our dependence, both direct and indirect, upon 
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the Earth and its ability to provide us with water, food, energy sources 
and minerals.  The Saskatchewan Geological Society (SGS), with 
support from several sponsors, initiated an expansion of the Geoscape 
project in March 2003, to print and distribute 8500 English and 450 
French copies and to facilitate utilization of the posters by schools in 
Saskatchewan through a website (www.geoscapesask.ca) and teacher 
workshops.  This expansion is under the auspices of the SGS Geoscape 
Committee which is composed of volunteer members from the 
geological, university, corporate and teaching communities.  One free 
copy of the poster has been distributed to each Public and Catholic 
school in the province (773 schools).  Four workshops have been held 
and several more are planned. Work continues on the development of 
lesson plans linked to the Saskatchewan school curriculum and of 
additional resources that are relevant to the various poster panels.  
These materials are posted on the website after they have been 
approved by a panel of teachers and geoscientists. 
 
COVERING THE CRATON SOUTH OF 60°:  "SNAPSHOTS" 
OF THE GEOLOGICAL HISTORY AND ECONOMIC 
WEALTH OF PALEOZOIC ROCKS OF THE INTERIOR, 
HUDSON AND ST. LAWRENCE PLATFORMS  

HAIDL, F.M., Saskatchewan Industry and Resources, 201 
Dewdney Avenue East, Regina SK, S4N 4G3, 
fhaidl@ir.gov.sk.ca, ARMSTRONG, D.K., Ontario Geological 
Survey, 933 Ramsey Lake Road, Sudbury, ON, P3E 6B5, and 
SALAD HERSI, O., University of Regina, Regina, SK, S4S 0A2 

The Paleozoic sedimentary successions which overlie Precambrian 
rocks of the Canadian craton host many of our hydrocarbon, potash, 
salt, gypsum, aggregate, building stone, groundwater and other 
geological resources.  These strata were deposited on the ancient 
continent of Laurentia, formed from the breakup of the super-continent 
Rodinia in latest Precambrian and earliest Cambrian time.  On the 
eastern margin of Laurentia, Paleozoic geological events were strongly 
influenced by the continued opening and then closure of the Iapetus 
Ocean and by the subsequent opening and closure of the Rheic Ocean 
before the end of the Paleozoic as the supercontinent Pangea formed.  
The complex history of the Cordilleran margin on the western side of 
Laurentia includes rifting that persisted into the early Paleozoic, 
passive margin subsidence, and the possible onset of convergence in 
late Paleozoic time.  Episodic subsidence of sedimentary basins and 
uplift of adjacent arches within the Interior, Hudson, and St. Lawrence 
platforms on the craton also influenced deposition and erosion as did 
eustatic sea level changes, reactivation of basement tectonic features, 
salt dissolution and other factors.  Paleogeographic reconstructions 
indicate that Paleozoic rocks preserved in North America are but 
remnants of deposits that covered much wider areas.  The focus of this 
presentation is the complex, evolving paleogeography of Laurentia as 
revealed by time slices, or “snapshots”, which incorporate examples of 
units of economic interest and their correlative strata on the Interior, 
Hudson and St. Lawrence platforms. 
 
SEPARATE VERSUS SIMULTANEOUS APPLICATION OF 
ODYSSEY AND EVEREST AFFECTS PHYTOTOXICITY  

HALABICKI, P.S. and FARENHORST, A., Department of Soil 
Science, University of Manitoba, Ellis Building, Winnipeg, MB, 
R3T 2N2, paula.halabicki@gmail.com 

Odyssey (imazamox and imazethapyr) and Everest (flucarbazone-
sodium) are Group 2 herbicides frequently used in western Canada.  
Both products contain active ingredients that have a high potential to 
persist in soil, and these herbicide residues may damage subsequent 
sensitive crops when they are bioavailable to the plant by root uptake.  
Because Group 2 herbicides are frequently-used, but very persistence in 
soil, concerns have been raised about the build-up of multiple herbicide 
residues in soil.  This concern is known among farmers as “Group 2 
stacking” and has led to discussions that crop injury may occur more 
readily than that reported for individual herbicides in soil.  In order to 
examine the interaction of Odyssey and Everest in Manitoba soils, an 
oriental mustard root bioassay was applied to four Manitoban soils 
spiked with either Odyssey or Everest separately, and with both 
Odyssey and Everest simultaneously.  For the single treatments, either 

Odyssey or Everest was applied to soil at amounts of 0, 3, 6, 12, 25, 50, 
and 100% of their field application rates.  For the combination 
treatments, the first set contained a base level of Odyssey at 25% of the 
field application rate in addition to varying levels of Everest (0, 3, 6, 
12, 25, 50, and 100% field application rate).  The second set contained 
a 25% field application rate of Everest in addition to varying levels of 
Odyssey (0, 3, 6, 12, 25, 50, and 100% field application rate).  Root 
length measurements were taken and compared to root lengths of plants 
grown without herbicide to give a percent root length inhibition.  
Depending on herbicide concentration and soil type, some 
combinations showed an additive effect, some a synergistic effect, and 
others an antagonistic effect, relative to individual herbicide 
applications.  This suggests that the effect of multiple herbicide 
residues on crop injury is dependent on soil characteristics, but 
additional studies are required to fully-explain the differences in the 
effects observed.  Also, this study suggests that, in some cases, the 
presence of multiple herbicide residues in soil may have a decreasing 
effect on the risks of crop injury. 
 
SOIL PROPERTIES AFFECT ODYSSEY AND EVEREST 
PHYTOTOXICITY  

HALABICKI, P.S. and FARENHORST, A., University of 
Manitoba, Ellis Building, Winnipeg, MB, R3T 2N2, 
paula.halabicki@gmail.com 

Odyssey (imazamox and imazethapyr) and Everest (flucarbazone-
sodium) are Group 2 herbicides that are frequently used in western 
Canada.  Both products contain active ingredients that have a high 
potential to persist in soil, and these herbicide residues may damage 
subsequent sensitive crops.  Herbicide residues in soil are damaging to 
plants when they are bioavailable to the plant by root uptake.  Since 
there are limited studies on the bioavailability of Odyssey and Everest 
in Manitoba soils, this project conducted an oriental mustard (Brassica 
juncea) root bioassay on four soils collected from across Manitoba.  
Root length measurements of plants grown at six rates of herbicide (3, 
6, 12, 25, 50 and 100% of field application rate) were taken and 
compared to root lengths of plants grown without herbicide to give a 
percent of control.  Curves were fitted to data using a log-logistic 
model, and I50 values (herbicide rates causing 50% root length 
inhibition) were calculated.  I50 values were significantly greater for 
Everest than for Odyssey.  Everest phytotoxicity was well-correlated 
with soil organic carbon content (r=0.95, p=0.05), while Odyssey was 
more strongly correlated to clay content (r=0.92, p=0.08).  It is 
hypothesized that the differences in phytotoxicity observed between 
soil types are related to the sorption of Everest and Odyssey to soil.  
Specifically, it is likely that as herbicide sorption to soil increases, the 
bioavailability of herbicide residues for plant uptake decreases, 
resulting in a lower phytotoxicity and greater I50 value.  Results of this 
and other studies will help to identify which Manitoba soils have lesser 
and greater risks of crop injury problems following applications of 
group 2 herbicides. 
 
EXOTIC METASOMATIC OXIDES IN A RUTILE NODULE 
FROM THE ORAPA KIMBERLITE, BOTSWANA  

HALL, D.C., Microscopy and Microanalysis Facility, University 
of New Brunswick, Fredericton, NB, E3B 5A3, dhall@unb.ca 

A macrocrystic rutile discrete nodule (JJG-1829) from the Orapa A/K1 
kimberlite in Botswana hosts an exotic assemblage of HFSE and LILE 
oxide minerals associated with the emplacement of carbonate veinlets.  
The nodule consists predominantly of coarse-grained Nb-Cr rutile and 
less abundant, finer-grained interstitial zircon.  Rutile contains 
abundant lamellae of magnesian ilmenite, and is mantled by 
discontinuous ilmenite rims.  The fine-grained metasomatic minerals 
developed along fractures and crystalline boundaries by reaction 
between the nodule and infiltrating carbonate-rich fluid. 
Four distinct metasomatic assemblages are developed:  (A) Rutile - 
carbonate assemblages consist of Nb-Na perovskite (<40 wt % Nb2O5) 
and Cr priderite.  (B) Ilmenite - carbonate assemblages consist of 
perovskite and magnesian ulvospinel.  (C) Rutile - carbonate - zircon 
assemblages consist of Nb-Cr priderite (<8 wt % Nb2O5), Nb 
zirconolite (<8 wt % Nb2O5), and baddeleyite, and locally contain 
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freudenbergite, landauite, and Cr spinel.  (D) Ilmenite - carbonate - 
zircon assemblages consist of magnesian ulvospinel, zirconolite, and 
baddeleyite.  Assemblages (A) and (B) are only sporadically developed.  
Assemblages (C) and (D) are much more extensively developed, and 
are characterized by mineralogical zonation, exhibiting the sequence 
rutile/ilmenite - priderite/ulvospinel - zirconolite - baddeleyite - zircon. 
The rutile - ilmenite - zircon nodule is itself of metasomatic origin, 
likely derived from a HFSE-enriched mantle melt.  The exotic HFSE- 
and LILE-enriched secondary titanate minerals thus represent a 
subsequent LILE enrichment which introduced Ca, K, and Na.  The 
uniquely Nb-rich compositions that characterize rutile megacrysts from 
Orapa, together with alkali metasomatism, resulted in these 
compositionally distinct metasomatic assemblages.  In particular, the 
Orapa nodule contains priderite, perovskite, and freudenbergite, which 
are uncommon constituents of mantle metasomites, and the 
metasomatic minerals are exceptionally enriched in Nb. 
 
TIMING OF DISPLACEMENT ON THE STORSTRØMMEN 
SHEAR ZONE, NORTH-EAST GREENLAND CALEDONIDES  

HALLETT, B.W., hall2815@uidaho.edu, MCCLELLAND, W.C., 
Department of Geological Sciences, University of Idaho, 
Moscow, ID 83844, USA, GILOTTI, J.A., POWER, S.E., 
Department of Geoscience, University of Iowa, Iowa City, IA 
52242, USA, and TUCKER, R.D., Department of Earth and 
Planetary Sciences, Washington University, St. Louis, MO 
63130, USA 

The North-East Greenland eclogite province is transected by the 
sinistral Storstrømmen Shear Zone (SSZ) and dextral Germania Land 
deformation zone.  The former structure has received considerable 
attention for its role in late orogenic development of the Caledonian 
orogen.  The segment of the SSZ exposed in the Sanddal region is 
characterized by anastamosing 2-20 meter thick mylonite and 
ultramylonite bands within quartzofeldspathic gneisses that record 
amphibolite facies conditions and mafic rocks that generally record 
eclogite facies conditions.  U-Pb SHRIMP analyses of zircon indicate 
ages of 1992 ± 13 Ma to 1749 ± 11 Ma for quartzofeldspathic 
orthogneiss protoliths and 2005 ± 42 Ma for eclogite protoliths.  
Metamorphic zircons from eclogite facies rocks within the SSZ yield 
an age of 402 ± 13 Ma, consistent with other age estimates for the 
timing of high-pressure (HP) metamorphism at Sanddal.  Leucocratic 
pegmatites that occur in the necks of mafic boudins yield ages of 401 ± 
2 Ma and 390 ± 3 Ma, indicating that initial exhumation of HP 
metamorphic rocks west of the SSZ in the Sanddal area occurred 
between 400 and 390 Ma.  Granite emplaced into a small scale sinistral 
shear zone immediately west of and similar in orientation to the main 
SSZ is 389 ± 5 Ma.  Titanites from biotite schist above the Norreland 
window west of the SSZ give a U-Pb TIMS age of 384 ± 2 Ma.  
Titanite ages obtained east of the SSZ on Weinschenk Ø and in 
Nordmarken are 392 ± 2, 381 ± 1, and 378 ± 2 Ma. 
The NNE striking sub-vertical mylonitic foliation of the SSZ defined 
by quartz ribbons, biotite, white mica, chlorite, and hornblende cuts 
composite gneissic fabrics. Amphibole crystallization within the shear 
zone indicates that mylonitic deformation occurred at amphibolite 
facies conditions.  Ultramylonites and mylonites in the core of the SSZ 
record deformation at lower grade conditions by growth of biotite, 
chlorite and epidote/clinozoisite.  Elongate quartz, feldspar and 
epidote/clinozoisite grains define a sub-horizontal stretching lineation.  
Titanite, garnet, epidote/clinozoisite, and partially recrystallized 
feldspar occur as porphyroclasts in a micaceous matrix.  Macroscopic 
and microscopic kinematic indicators consistently indicate sinistral 
displacement.  On the basis of the new geochronology, the SSZ may 
have been active by 390 Ma.  The occurrence of titanite as 
porphyroclasts within the SSZ mylonites requires that deformation is in 
part younger than 380 Ma.  With these constraints, the SSZ was active 
during exhumation of the eclogite province. 
 
PALEOMAGNETISM AND U-Pb DATING OF PROTEROZOIC 
DYKES: A NEW RADIATING SWARM AND AN INCREASE IN 
POST-ARCHEAN CRUSTAL ROTATION WESTWARDS 
FROM THE KAPUSKASING ZONE, ONTARIO  

HALLS, H.C., University of Toronto at Mississauga, 
Mississauga, ON, L5L 1C6, hhalls@utm.utoronto.ca, DAVIS, 
D.W., University of Toronto, Russell Street, Toronto, ON, M5S 
1A1, and STOTT, G.M., Ontario Geological Survey, 933 Ramsey 
Lake Road, Sudbury, ON, P3E 6B5 

Proterozoic dyke swarms in the Archean Superior Province straddle a 
ca. 2 Ga crustal dislocation, the Kapuskasing zone (KZ), which extends 
from James Bay to Lake Superior.  Paleomagnetic data from swarms 
pre-dating this deformation suggest that the western half of the 
Superior Province has rotated, relative to the east, about 20° 
counterclockwise across the KZ.  Dykes of the informal White River 
swarm (Ernst and Halls 1984) that occur around NE Lake Superior 
merge with N-trending 2121-2101 Ma Marathon dykes to the west and 
eastward with ENE-trending Kapuskasing dykes that lie within and 
north of the KZ.  Paleomagnetism and U-Pb baddeleyite dating of two 
dykes (Table) show that NE-trending Marathon dykes of reversed 
polarity occur in the vicinity of the KZ.  Paleomagnetic data from other 
White River dykes suggest that the Marathon swarm (including dykes 
of both polarities) fans 50-60° from a region immediately south of Lake 
Superior.  Kapuskasing dykes are distinguished from Marathon by a 
steeper magnetization.  Geochemically, Marathon R dykes generally 
have higher La/Nb than Kapuskasing R and Marathon N dykes 
generally have lower La/Yb than Kapuskasing N.  Preliminary 
paleomagnetic results, with remanence directions recalculated to a 
common locality [49°N 86°W), are: 

Dyke 
swarm 

Magnetic
Polarity 

U-Pb 
Age 
[Ma] 

Dec 
[°] 

Inc 
[°] 

alpha 95
[°] 

No. of
dykes 

Marathon 
West 1 R 2101 133 -54 5 17 

Marathon 
West1 N 2121 294 59 6 19 

Marathon 
East R 2106 2 144 -47 13 4 

Marathon 
East N - 318 57 34 2 

Kapus-
kasing R - 144 -73 7 13 

Kapus-
kasing N - 307 70 6 7 

1 New paleomagnetic data combined with those of Buchan et al. 
(1998).  2 Mean of two ages of 2107 ± 4 and 2105 ± 2 Ma from, 
respectively, a NE-trending 50 m-wide dyke at Lat. 48.12°N, Long. 
84.41°W. and a NE-trending, 24 m-wide dyke at Lat. 47.77°N, Long. 
84.38°W. 

Dykes without U-Pb ages are assigned to Marathon or Kapuskasing 
status based on remanence inclination.  Some Kapuskasing dykes may 
be Marathon dykes and could steepen the mean inclination for the 
Marathon East populations but the declination will change little.  West 
of the KZ an eastward increase in declination, seen in both Marathon 
and 2446 Ma Matachewan swarms, suggests that the western half of the 
Superior province did not rotate as a rigid plate and that the KZ is a 
broad zone of deformation, at least 150 km wide at its southern end. 
 
NUNAVUT OUTREACH PROGRAMS - PARTNERS SHARING 
BEST PRACTICES AND OVERCOMING CHALLENGES  

HAM, L.J., Indian and Northern Affairs Canada, Building 918, 
Nunavut Drive, Iqaluit, NU, X0A 1H0, haml@inac.gc.ca, and 
RIVEROS, C., Government of Nunavut, Arviat, NU, X0C 0E0 

The timing of geoscience education and outreach activities in Nunavut 
is fortuitous.  Nunavut, formed April 1, 1999, encompassing 1/5 of 
Canada's landmass, has the smallest population (~29,000 people) of any 
Canadian jurisdiction.  Nunavut's 28 communities are challenged by 
geography, climate and limited infrastructure.  Internet access is finally 
reaching remote communities.  With 2004 mineral exploration 
expenditures of ~$155M, Nunavut hosts the four largest undeveloped 
gold resources in Canada, new kimberlite and diamond finds every year 
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and a diamond mine currently under construction.  Mining has one of 
the largest, long-term economic potentials in the territory; mine 
participation by most Nunavummuit has been low.  Increasing 
geoscience appreciation and capabilities will enable Nunavummiut to 
take advantage of these opportunities. 
Nunavut's partnership approach to geoscience education involves 
territorial and federal governments, regional Inuit organizations, 
visiting scientists and mineral industry representatives.  Geoscience is 
taught in Grades K-12, within the Alberta and Northwest Territories 
(NWT) curricula which Nunavut follows.  Nunavut's Department of 
Education is taking a holistic approach to developing curricula based 
on traditional Inuit skills, values, beliefs and knowledge, as well as the 
Pan-Canadian Protocol. 
There are 10 partnership programs that raise public awareness and 
knowledge in geoscience and technology; communication between 
outreach partners facilitates program effectiveness and fosters 
appreciation for science and technology.  Under the Nunavut Land 
Claims Agreement (NCLA), companies advancing mine production are 
required to submit an Inuit Impact Benefit Agreement which 
incorporates employee training.  Increased Nunavummiut participation 
in mining and industry encourages feelings of ownership and better 
scientific understanding. 
These programs include the Kivalliq (central Nunavut) Science 
Educator's Community - educators, business, government and industry 
representatives - since 1992; initiatives include regional science fairs 
and Olympics, awards, and outdoor science-culture camps which 
introduce formal scientific methods and learning.  The Nunavut 
Science Outreach Network connects science, technology and 
communities and brings together, via Internet and telephone, Canadian 
educators and scientists.  NAPEGG (Association of Professional 
Engineers, Geologists and Geophysicists in NWT and Nunavut) 
initiates public awareness programs (career fairs, school presentations, 
scholarship programs, annual Science Teaching award) in NWT and 
Nunavut.  Other partnership programs include Northern Mining Week, 
Nunavut Mining Symposium, introductory prospector courses, Nunavut 
Tunngavik Incorporated (NTI) resource revenue fund programs and 
teacher workshops. 
Geoscience outreach programs in Nunavut are successful.  Despite 
local logistical challenges, the numbers of high school graduates are 
increasing, prospectors are partnering with industry and communities 
are involved in resource development decision-making, both from the 
NCLA and local employment perspectives. 
 
NUTRIENT RELEASE FROM WIND ERODIBLE SEDIMENT 
OF A HEAVILY MANURED SOIL  

HAO, X. and CHANG, C., AAFC Lethbridge Research Centre, 
5403 1st Ave S., Lethbridge, AB, T1J 4B1, Haoxy@agr.gc.ca 

Wind erosion has the potential to transport considerable amounts of soil 
aggregates (sediments) off agriculture land.  Southern Alberta is 
particularly subject to wind erosion due to Chinook events.  As a result 
there is high potential for nutrient transportation from heavily manured 
soil near livestock operations to nearby water bodies, which promotes 
eutrophication and decreases water quality.  Nutrients also settle on 
nearby agriculture land providing nutrients for crop production.  
However, if recommendations for fertilizer or manure applications are 
formulated without taking into consideration nutrient inputs from 
manured soil through wind erosion, excess nitrogen and phosphorus 
will be applied, which poses serious environmental risks.  The 
objective of this study is to investigate the nutrient release from wind 
erodible fraction (WEF) of a heavily manured soil.  The study was 
conducted using soil collected from fields receiving 180 Mg ha-1 yr-1 of 
cattle manure in the past 30 years.  The WEF sediment was obtained by 
collecting aggregate sizes less than 0.84 mm.  The WEF sediment was 
applied to a low fertility soil and deionized water at rates equivalent to 
0, 10, 50, 100, and 150 Mg ha-1.  A fertilizer treatment of 100 kg N ha-1 
and 50 kg P2O5ha-1 was also applied for comparison.  All of the 
samples were incubated at room temperature and at 0.12 g g-1 soil 
moisture content (80% field capacity).  The available nitrogen (AN) 
and available phosphorus (AP) were determined at time 0, 0.5, 1, 2, 4, 
9, 16, 32 and 52 weeks.  Over the 52 week study period, AN content 

increased steadily over time while AP content were highest for the first 
three week and decreased slowly afterwards.  This presentation will 
discuss the amount and rate of nutrient release and suggest possible 
strategies for managing manure and fertilizer, improving farmer 
competitiveness, contributing to sustainable crop production, and 
protecting our environment. 
 
THE QUEST FOR A YOUNGER PETROLEUM SYSTEM:  ARE 
THERE ANY CRETACEOUS SOURCE AND RESERVOIR 
ROCKS IN THE ORPHAN BASIN, OFFSHORE 
NEWFOUNDLAND?  

HARDY, V.E. and ENACHESCU, M.E., Memorial University of 
Newfoundland, St. John's, NL, A1B 3X5, victoria-
hardy@hotmail.com 

The Orphan Basin is one of the Mesozoic extensional basins on the 
East Coast of Canada and is located between the Grand Banks of 
Newfoundland and the Labrador Sea.  Previous exploration in the 70s 
and 80s focused on the shallow water West Orphan Basin and resulted 
in 7 dry holes.  Renewed interest in the basin has now focused on the 
ultra-deep East Orphan where 2D seismic grids were acquire between 
2000 and 2003, a record land sale took place in the fall of 2003 and a 
few large 3D surveys were collected during the recent years.  New 
vintage, good quality, high resolution 2D seismic data has been donated 
to Memorial University by GSI to be used for the study of the Orphan 
Basin. 
The Orphan Basin is a highly extended, wide non-volcanic rift, 
consisting of an eastern side, older Jurassic basin and a western side, 
younger Cretaceous basin.  Paleozoic basement ridges overlain in the 
west by thin Cretaceous sediments and in the east by thick Jurassic and 
Cretaceous sediments characterize the basin.  A Kimmeridgian source 
rock seismic horizon has been correlated from the Flemish Pass and 
Jeanne d’Arc basins only into the East Orphan Basin.  Consecutively, 
to have a complete petroleum system in the West Orphan Basin, a 
Cretaceous source rock must exist.  Past exploration drilling in this area 
did not encounter source rock, as targets were basement highs that had 
only thin Cretaceous cover.  However, good reservoirs have been 
drilled and excellent basin-margin fans are identified on seismic data.  
During the ODP Leg 210 (summer 2003), Early and Late Cretaceous 
age source rocks with both terrestrial and marine influence were 
encountered at site 1276, in the East Newfoundland Basin.  North of 
the Orphan Basin, proven Late Cretaceous source rock has been found 
in the Hopedale Basin, offshore Labrador.  Direct Hydrocarbon 
Indicators are seen on the seismic data at various levels in the 
Cretaceous and Tertiary.  All these observations give hope that a 
Cretaceous age source can be found in the West Orphan Basin within 
the deep elongated troughs that separate basement ridges.  Only drilling 
on the shelf and upper slope can prove the existence of a Cretaceous 
source rock in the Orphan Basin. 
 
THE USE OF COMPOST TEAS AS NUTRIENT AMENDMENTS 
TO STRAWBERRIES AND RASPBERRIES AND THEIR 
EFFECTS ON YIELD AND FRUIT QUALITY  

HARGREAVES, J., jn888503@dal.ca, WARMAN, P.R. and 
ADL, S., Dalhousie University, Halifax, NS 

Compost teas are new products in the organic agriculture industry 
typically being used to control plant disease.  However, organic farmers 
are also experimenting with this product as a "stand alone" product, and 
are beneficial l because they impact a plant more quickly than nutrients 
applied to the root zone.  This research will investigate these claims by 
directly comparing the effects of non-aerated compost teas from 
different compost sources, composts, and fertilizer on the nutrient 
content and fruit quality of strawberries and raspberries grown in the 
field.  Furthermore, recommendations on compost tea production 
methods have been debated for some time and so other experiments 
will focus on comparing compost tea nutrient content of aerated and 
non-aerated compost teas made from difference compost sources and 
their ability to provide nutrients to plants.  Finally, it is claimed that 
compost tea properties begin to shift within 24 hours after production, 
so compost tea properties will be monitored in aerated and non-aerated 
compost teas made from different sources for 6 weeks after production.  
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The findings of this project will greatly aid in filling data gaps in 
compost tea research and help determine the suitability of these 
amendments for practical farming purposes. 
Preliminary results will be presented, specifically, the nutrient 
supplying ability of ruminant aerated and non-aerated compost teas and 
the effects of storage on compost tea properties. 
 
THE PALEOPROTEROZOIC LITHOSTRUCTURAL HISTORY 
AND THERMOTECTONIC REACTIVATION OF THE 
ARCHEAN BASEMENT IN THE SOUTHERN HEARNE 
DOMAIN OF NORTHEASTERN SASKATCHEWAN  

HARPER, C.T., Saskatchewan Industry and Resources, 2101 
Scarth Street, Regina, SK, S4P 3V7, charper@ir.gov.sk.ca, VAN 
BREEMEN, O., WODICKA, N., PEHRSSON, S., Geological 
Survey of Canada, 601 Booth Street, Ottawa, ON, K1A 0E8, 
HEAMAN, L. and HARTLAUB, R., University of Alberta, 1-26 
Earth Sciences Building, Edmonton, AB, T6G 2E3 

Paleoproterozoic metasediment-dominated Hurwitz Group and 
Wollaston Supergroup were deposited unconformably in foreland to 
continental basins upon variably deformed Archean rocks composed 
largely of Meso- to Neoarchean granitoids and less abundant 
Neoarchean metavolcanic and metasedimentary rocks.  Regional 
correlations of the Hurwitz Group originally implied that ca. 2.3 Ga 
Lower Hurwitz Group rocks (Ameto Formation) were present in 
northeastern Saskatchewan.  Cooperative research on Hurwitz 
stratigraphic correlations across the Hearne Province now suggests 
Lower Hurwitz Group rocks do not extend beyond the limits of the 
Central Hearne domain (CHD) in central Nunavut.  Hurwitz Group 
sequences outside the CHD are now considered to consist of the 
younger Upper Hurwitz sequence, time equivalent to the Wollaston 
Supergroup (ca. 2.1 to 1.9 Ga).  Both groups have similar stratigraphy 
in northeast Saskatchewan, comprising a predominantly pelitic lower 
sequence, a calc-silicate to carbonate middle sequence and an upper 
psammopelitic - psammitic sequence.  Minor quartzite, iron formation, 
calcareous pelite and psammopelite, and felsic and mafic volcanic 
rocks complete the succession.  If the upper Hurwitz and Wollaston 
sequence represent a single tectonostratigraphic sequence, then the less-
deformed and lower grade belts of upper Hurwitz in NE Saskatchewan 
may represent thrust slices from the main body of Wollaston 
Supergroup.  Alternatively, the upper Hurwitz belts closely mark their 
original sites of deposition in separate basins. 
During the Trans-Hudson Orogeny, Paleoproterozoic granitoid 
magmatism in the southern Hearne domain developed from melting of 
older crustal material and Wollaston metasedimentary rocks.  Archean 
rocks were extensively remobilized and structurally interleaved with 
the Paleoproterozoic supracrustal rocks.  Emplacement of granitic 
intrusions of the Hudson granite suite occurred over the period ca. 1.86 
to 1.80 Ga.  These granites show chemical affinities with collisional 
granites, have highly negative eNd values and contain abundant Meso- 
to Neoarchean inherited zircon supporting their crustal derivation.  The 
peak period of magmatism, ca. 1.825 Ga, corresponds to a period of 
metamorphism, ca. 1.823 to 1.806 Ga indicated by metamorphic zircon, 
monazite and titanite.  Waning metamorphism, ca. 1.78 to 1.77 Ga, is 
indicated by titanite in tonalite and amphibolite.  Post-tectonic granite 
emplacement at ca 1.76-1.75 Ga corresponds to the Nueltin granite 
suite of commonly porphyritic to rapakivi, fluorite-bearing granite and 
monzogranite.  The degree of melting, metamorphic grade, and the 
tightening of structures increase southeastward across the Hearne in 
northeastern Saskatchewan.  A similar metamorphic gradient also 
develops southwestward from NWT and Nunavut, parallel to the 
deformation front, into northeast Saskatchewan. 
 
A COMPARISON OF METHODS FOR EXTRACTING END 
MEMBERS FROM AIRBORNE HYPERSPECTRAL DATA:  
APPLICATION TO GEOLOGIC MAPPING IN CANADA'S 
ARCTIC   

HARRIS, J.R., Geological Survey of Canada, 615 Booth St., 
Ottawa, ON, K1A 0E9, Canada, harris@nrcan.gc.ca, 
PONOMAREV, P., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8, Canada, and SHANG, J., Canada Centre 

for Remote Sensing, 588 Booth St., Ottawa, ON, K1A 0Y7, 
Canada 

Exploration companies and mapping institutions, including the 
Geological Survey of Canada, are using airborne hyperspectral data 
more frequently now for mineral exploration and geologic mapping in 
Canada’s northern territories.  Recently a hyperspectral dataset was 
acquired over the Paleoproterozoic terrane on southern Baffin Island, 
Canada, using the airborne PROBE sensor.  Data were acquired in 128 
channels spanning the VNIR and SWIR portions of the electromagnetic 
spectrum.  Two weeks of fieldwork were conducted to assist in 
geologically interpreting the hyperspectral data and to collect 
supporting ground truth information. 
This paper presents and compares a number of techniques for obtaining 
spectra (end members) that relate to lithologic/ compositional units.  
Both automatic extraction techniques (Iterative Error Analysis) and 
manual-based techniques (MNF transform) are presented and 
compared.  The automatic extraction technique produces many end 
members that do not relate to underlying geology but does identify the 
major lithologic groups comprising metasediments, metatonalites and 
ultramafic rocks.  The MNF transformation of the data produces images 
in which variations in colour reflect both lithologic groups as well as 
compositional units (i.e., psammites, quartzites) that comprise the 
metasedimentary lithology.  Spectra extracted from the MNF image can 
produce useful geologic maps using linear unmixing and matched 
filtering techniques.  The MNF technique results in detailed lithologic 
maps that have been validated by fieldwork. 
 
THE APPLICATION OF GAMMA RAY SPECTROMETER 
DATA FOR MAPPING CANADA'S NORTH  

HARRIS, J.R., Geological Survey of Canada, 615 Booth Street, 
Ottawa, ON, K1A 0E9, Canada, harris@nrcan.gc.ca, FORD, K., 
PONOMAREV, P., DREDGE, L., and CARSON, J., Geological 
Survey of Canada, 601 Booth Street, Ottawa, ON, K1A 0E8, 
Canada 

Gamma ray spectrometry is widely used in support of geological 
mapping, mineral exploration, environmental radiation monitoring and 
land-use planning.  The scale of use of airborne gamma ray 
spectrometry data in remote predictive mapping is dependent to a large 
degree on the flight line spacing (i.e. spatial resolution).  Much of 
Canada is covered by reconnaissance airborne gamma ray spectrometry 
data acquired along flight lines spaced at 5,000 metres with key areas 
of exploration interest covered by closer line spacing.  Most often this 
reconnaissance data is presented as colour interval maps interpolated to 
a user-selected, but most often 250 by 250 metre, grid cell resolution 
using an inverse distance weighted averaging algorithm, and as stacked 
profiles with an average along line resolution of approximately 55 
metres.  Most digital processing techniques used to support analysis 
and interpretation use fully interpolated grid data.  Gridding data 
collected at 5,000 metre line spacing results in significant loss of along 
line resolution which limits effective use in remote predictive mapping 
applications. 
Areas from the southern part of the Melville Peninsula in Canada’s 
Nunavut Territory and from southern Nova Scotia are used as study 
areas to assess the bedrock and surficial geological information 
provided by both fully and partially (strip) interpolated grids and the 
full resolution profile data collected along line.  The data sets are 
compared and contrasted with respect to lithological information and 
also compared and calibrated to regional bedrock and surficial geology 
maps and glacial till geochemistry by using a Geographic Information 
System (GIS).  A number of multivariate techniques including K-
means clustering and Principal Component Analysis are used to 
produce maps of spectrometry data that show not only a direct 
correspondence to the regional geological map but also highlight areas 
that differ from the mapped geology. 
 
LONG JOURNEY INTO THE DEEP FREEZE:  EVOLUTION 
OF CANADA’S ARCTIC  

HARRISON, J.C. and DEWING, K., Geological Survey of 
Canada, 3303-33rd St. NW, Calgary, AB, T2L 2A7, 
charriso@nrcan.gc.ca; kdewing@nrcan.gc.ca 
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This nontechnical paper has been prepared for a general audience 
interested in the geological history of Canada’s Arctic. 
Although Arctic Canada is the product of four billion years of Earth 
history, most of the story is lost.  A continent-size piece of the Arctic 
moved away during the Late Precambrian dismemberment of the 
Rodinia supercontinent.  Although that piece is missing, there is rock 
record of the ocean basin that replaced it, and the shallow seas that 
existed on Canada’s portion of the separated continental margins.  Sea 
floor spreading continued for 120 million years, enough time to form 
an ocean wider than the Atlantic. 
That Cambrian ocean was consumed in the subsequent slow motion car 
crash produced by plate subduction.  The approaching “disaster” was 
signalled by high-standing blocks of Canadian shield, volcanic arcs, 
and sediment fans shed from Silurian mountains of Greenland.  The 
collision zone is traced from the Yukon to Ellesmere Island and, also 
on Ellesmere, is an orphaned fragment of the colliding Arctic continent, 
solidly fused to Arctic Canada by the end-Devonian. 
Unable to sustain the resulting mountainous relief, the collision zone 
collapsed to form fault-bounded lakes and an inland sea 300 million 
years ago, initially narrow and saline, later an open seaway (the 
Sverdrup Basin), once linking the Pacific to an ocean through the Urals.  
This Mesozoic playground for ammonites and marine reptiles was also 
a sediment dump for Amazon-scale rivers draining Triassic rift 
mountains along the newly-forming North Atlantic. 
The Arctic Ocean traces its birth to a Jurassic rift with portions 
preserved on Prince Patrick and Banks islands.  Plate spreading was 
encouraged by Cretaceous flood basalts on Axel Heiberg Island and 
volcanic mountains traced to Siberia via the polar ocean.  Detached 
from Canada’s Arctic were parts of Alaska and Russia, and continental 
blocks left stranded within the Arctic Ocean.  Likewise, Baffin Bay 
ancestry is traced to the separation of Greenland from Baffin Island.  
Greenland unleashed, produced young collisional mountains across 
Canada’s far north.  Although a high-latitude land sixty million years 
ago, this was also a land of temperate forests and large Cenozoic 
mammals.  We find, not only the story of descent into Quaternary 
glaciation, but also the transformation to boreal forest and tundra 
during the Neogene, long-term cooling since the Eocene, and the long 
northward tectonic drift into the deep freeze; all part of the dance of the 
continents extending back more than 600 million years. 
 
CLASSIFYING, DISTINGUISHING AND EXPLORING FOR 
INTRUSION-RELATED GOLD SYSTEMS  

HART, C.J.R., Yukon Geological Survey, Box 2703 (K-10), 
Whitehorse, YK, Y1A 2C6, Canada, and Centre for Exploration 
Targeting, University of Western Australia, Perth, WA, Australia 

Intrusion-related gold systems (IRGS) are a newly defined (1999) 
deposit classification, based on deposits in Alaska and Yukon, that is 
already mired in confusion, nomenclature uncertainty and 
misapplication.  Originally defined as a wide-range of gold deposit 
styles with Bi-Te signatures associated with moderately reduced felsic 
granitoids in districts with a W-Sn metallogeny, IRGS are commonly 
confused with gold deposits associated with many other diverse 
geological settings, including batholiths and oxidized intrusions.  
Furthermore, orogenic gold deposits proximal to intrusions are often 
misinterpreted and included in the model.  Poor deposit classifications 
are an economic geologists greatest weakness as they result in 
ineffective exploration strategies.  Deposit classifications are best 
defined using distinguishing features and not characteristics common to 
many hydrothermal deposit types.  The “reduced” IRGS model is 
pubescent and still evolving, but is distinguished from other similar 
deposit types according to the following distinctive features: 
1.  Zoning - thermal gradients around cooling plutons are steep, 
resulting in concentric metal zones that develop to within a few 
kilometers, or just beyond the thermal aureole, of a central mineralizing 
pluton.  Orogenic veins are similar over large areas and vertical extents. 
2.  Diverse deposit styles - fluids exsolving from cooling plutons are 
opportunistic and cool quickly depositing metals in numerous available 
geological settings resulting in veins, stockworks, skarns, replacements 
etc., with a wide range of gold grades. 

3.  Sheeted veins - the most distinctive style of gold mineralization are 
sheeted arrays of parallel, low-sulphide content, single stage quartz 
veins found over 10s to 100s of metres in the pluton cupola. 
4.  Metal associations – significant copper is lacking, associated plutons 
generate scheelite but gold doesn’t correlate with tungsten.  A Bi-Te 
geochemical signature is a feature of numerous gold deposit types as 
these elements are easily mobilized in hydrothermal fluids, and thus are 
not distinctive. 
5.  Pluton features - associated plutons have “smoking gun” 
characteristics such as high volatile contents, evidence of fractionation 
and fluid exsolution, associated skarns, aplites and pegmatites. 
6.  Redox state - Yukon/Alaska IRGS are ilmenite-series, have low 
magnetic susceptibility and ferric:ferrous ratios <0.3. 
7.  Timing - deposits are coeval (±2 m.y.) with associated plutons. 
IRGS have distinctive features, and are likely a unique class, but share 
similar features and geological settings with the equally unique distal 
disseminated deposit class of Nevada. 
 
SHORT-RANGE ORDER IN MINERALS:  AMPHIBOLES  

HAWTHORNE, F.C., Dept. of Geological Sciences, University 
of Manitoba, Winnipeg, MB R3T 2N2, 
frank_hawthorne@umanitoba.ca; DELLA VENTURA, G., Dip. 
di Scienze Geologische, Terza Universita di Roma, via Ostiense 
169, I-00154 Roma, Italy; OBERTI, R., CNR-Istituto di 
Geoscienze e Georisorse, sezione di Pavia, via Ferrata 1, I-27100 
Pavia, Italy; ROBERT, J.-L., ISTO, UMR 6113, 1A Rue de La 
Ferollerie, F-45071 Orleans Cedex 2, France; and IEZZI, G., Dip. 
di Scienze della Terra, Universita G.D'Annunzio, via Dei Vestini 
30, I-66100 Chieti Scalo, Italy 

Short-range order involves local clusters of atoms that occur either 
more or less frequently than predicted by a random distribution. 
Infrared spectroscopy in the principal (OH)-stretching region is 
sensitive to such local arrangements, and hence the (OH) group can be 
used as a local probe of short-range arrangements of atoms.  
Examination of natural amphiboles of fairly simple composition 
indicates that the principal (OH)-stretching frequency is sensitive to 
such local arrangements, generating fine structure that gives 
information on short-range arrangements.  Moreover, the fine structure 
is sensitive to both nearest-neighbour and next-nearest-neighbour 
arrangements.  The short-range arrangements that can occur are 
constrained by the local version of the valence-matching principal, and 
this helps in assignment of the bands in the fine structure of the 
corresponding infrared spectra.  Recent results on synthetic amphiboles 
illustrate these issues.  Monoclinic amphiboles in the systems richterite-
pargasite, tremolite-pargasite and tremolite~hornblende show strong 
SRO involving T-, C- and A-group cations.  Amphiboles involving 
(OH)¨CF solid-solution with ¡õ (vacancy) at the A site (e.g., tremolite-
fluorotremolite) show one-mode behaviour, whereas amphiboles with 
Na or K at the A site (e.g., richterite-fluororichterite) show two-mode 
behaviour, indicating that nearest-neighbour arrangements of atoms 
couple through an occupied A site, but do not couple through a vacant 
A site.  Furthermore, the relative band intensities in (OH)¨CF 
amphibole solid-solutions showing two-mode behaviour indicate that 
(OH) and F are completely short-range disordered with respect to each 
other in the amphibole series examined thus far.  Amphiboles in the 
system pargasite-fluoropargasite show strong SRO of (OH) and F with 
regard to the cations occupying the associated nearest-neighbour 
M(1)M(1)M(3) sites: arrangements involving MgMgAl¨C(OH) are far 
more common than arrangements involving MgMgAl¨CF.  Although 
much work remains to be done to fully characterize SRO in 
amphiboles, the general features are already emerging, and local bond-
valence requirements seem to be the principal factor controlling this 
type of order.  SRO is of significance in that it will affect the stability 
of amphiboles (and other minerals in which it occurs) through its 
entropy (and enthalpy) effects; the way in which these effects can be 
formulated for such a complicated case is not yet clear, but what is 
clear is that future thermodynamic models need to consider SRO in 
amphiboles and probably in other minerals in which heterovalent 
substitutions are common. 
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HIGH-GRADE TITANIUM PALEOPLACER DEPOSITS 
GENERATED BY SYN-OROGENIC HYPOGENE 
ENRICHMENT PROCESSES:  THE SUTTON CAMBRIAN 
PALEOPLACERS DEPOSITS AS A KEY EXAMPLE  

HÉBERT, E., heberteric9@hotmail.com, and GAUTHIER, M., 
Université du Québec à Montréal, C.P. 8888, Succ. 'Centre-Ville', 
Montréal, QC, H3C 3P8 

Presently, unconsolidated beach placer deposits constitute the main 
source of titanium ore.  However, this resource is rapidly being 
depleted.  Unconventional deposits need to be found to replace this 
titanium-pigment feedstock.  The pigment chloride process requires 
TiO2-rich oxide mineral, namely rutile and leucoxene.  Low-latitude 
deep weathering is essential for pre-depositional beneficiation of 
primary titanium mineral, such as magmatic hemo-ilmenite, into rutile 
and leucoxene.  North Atlantic region host the world largest anorthosite 
province as well world-class magmatic deposits (e.g. Lac Tio in 
Québec and Tellness in Norway).  Large unconsolidated beach placers 
derived from this source are known but are still uneconomic (e.g 
Natashquan, St. Lawrence North Shore).  However, during Early 
Paleozoic time, the North Atlantic region underwent low latitude deep 
weathering.  Thus, anorthosites and associated ilmenite-rich high-grade 
metamorphic terranes (e.g. Grenville Province) were eroded and 
deposited along Iapetus Ocean shores.  Consequently, Ti-rich 
paleoplacers could be expected to occur in circum North Atlantic 
Paleozoic stratas.  The Armorican sandstones of Brittany, Portugal and 
Spain and the Pinnacle sandstones of Vermont and Québec host such 
deposits.  In the Sutton region of Southern Québec, the Pinnacle Fm 
paleoplacers are exceptionnaly rich (> 25% TiO2 ) and thick (> 10m).  
The Sutton paleoplacers’ exceptional endowment was initially though 
to be related to a specific source-region and/or to exceptional 
sedimentological controls.  However, this proved not to be the case.  
Instead, syn-orogenic processes appear to have been the key factor.  
The thickness and composition of the paleoplacer host strata seems to 
vary according to the distance from a major Taconian fault (e.g. Brome 
Fault).  Furthermore, Fe- and Ti-oxides stability is strongly influenced 
by ƒO2 variations encountered within the Pinnacle Fm syn-metamorphic 
paleoaquifer.  In a high ƒO2 environment, iron remains in the structure 
of Ti oxides.  Thus it will remain intermixed with metamorphogenic 
rutile.  By opposition, low ƒO2 fluids allows the leaching of iron from 
primary ilmenite.  Consequently high-grade metamorphogenic rutile 
deposits can be generated after paleoplacer by syn-metamorphic iron 
leaching-out.  Recently, such leaching-out hypogene enrichment 
process have been advocated for high-grade iron ore deposits (e.g. 
Hamersley in Western Australia and Itabira in Brazil).  However, it 
appears for the first time to be also as efficient for titanium ore 
beneficiation.  This opens a complete new spectrum of opportunities for 
this important industrial mineral industry, both as a further source-
region enrichment process in unconsolidated placer deposit mining 
districts and, as a prospective, unconventional type of titanium ore 
deposits. 
 
THE YARLUNG ZANGBO SUTURE ZONE OPHIOLITES: 
MINERALOGY, GEOCHEMISTRY,AND GEODYNAMIC 
IMPLICATIONS  

HÉBERT, R., Département de géologie et de génie géoloqique, 
Université laval, Québec, G1K 7P4, rejean.hebert@ ggl.ulaval.ca, 
DUPUIS, C., GUILMETTE, C., DUBOIS-CÔTÉ, V., HUOT, F., 
WANG, C.S., and LI, Y.L. 

This paper presents the main results of a five-year assessment project 
focussed on Yarlung Zangbo Suture Zone (YZSZ) ophiolites.  Since 
1998 several ophiolitic sections have been revisited.  They are located 
along the YZSZ and study area is representing a 300 km long segment.  
The Cretaceous ophiolites are remnants of Neo-Tethys basin which was 
almost totally consumed in a northward oriented subduction zone and 
southerly transported onto the Indian plate colliding with Eurasia circa 
50 Ma ago.  The ophiolite massifs rest on an ophiolitic mélange, locally 
containing garnet-bearing and garnet-free foliated amphibolites and 
further south on Triassic flysch and Cretaceous mélange containing 
igneous blocks derived from partial reworking of Indian passive margin 
and Tethysian ocean-floor. 

The ophiolites are made of harzburgitic mantle and thin gabbro-lacking 
crust. Mantle harzburgites are subdivided into two groups.  Samples 
from the western massifs are characterized by porphyroclastic textures, 
aluminous spinels (Cr/(Cr+Al) : 0.13-0.21), average low TiO2 content 
(0.04 wt.%), depleted REE patterns (average La/Sm ratios 0.4) and 
derive from 7-12% melting of N-MORB-like source.  Samples from the 
eastern massifs are granular peridotites with Cr-rich spinels 
(Cr/(Cr+Al) : 0.33-0.74), average very low TiO2 content (0.008 wt. %), 
enriched REE patterns (average La/Sm 5.6) and could originate from 
20-30 % partial melting of a depleted source further enriched by an 
episode of metasomatism.  Crustal samples are basaltic flows and 
diabasic intrusions.  They are subdivided into two groups.  The western 
group is made pl-cpx-phyric basaltic rocks with depleted REE patterns 
(average La/Sm 0.6) and slight Ta-Nb negative anomalies.  The eastern 
group is made up of pl-cpx-(am)-phyric basaltic rocks having 
fractionated REE patterns (average La/Sm 4.6) and strong Ta-Nb 
negative anomalies.  These results are consistent with derivation of the 
ophiolites from dismemberment of back-arc (western portion) and 
intra-oceanic arc (eastern portion) sectors of the Neo-Tethys marginal 
basin. 
Geochemical, thermobarometric and geochronological study of 
mélange-embedded amphibolite blocks confirm that they derive from a 
dismembered dynamothermal sole.  Geochemical signature of the sole 
indicates genesis at the Neo-Tethys back-arc spreading center.  Early 
Cretaceous metamorphic ages from the amphibolites (121-130 Ma) are 
synchronous with ophiolite genesis.  Together with intense peak 
metamorphism conditions and geochemical signature of the sole, 
overlapping ages would indicate inception of a subduction within the 
Neo-Tethys back-arc basin.  Such a setting illustrates the rapid 
dismemberment of the SSZ domain.  Present-day architecture indicates 
that this subduction led to the final emplacement of the ophiolitic 
massifs over the Indian passive margin. 
 
METAMORPHIC EVOLUTION OF AMPHIBOLITES FROM 
SITE 1067A ODP LEG 173 OFF GALICIA BANK:  
MINERALOGY AND OXYGEN ISOTOPE GEOCHEMISTRY  

HÉBERT, R., rejean.hebert@ggl.ulaval.ca, BEAUDOIN, G., 
georges.beaudoin@ggl.ulaval.ca, and ROCHON, M., 
Matthieu.rochon@ggl.ulaval.ca, Département de géologie et de 
génie géologique, Pavillon Adrien-Pouliot, Université Laval, 
Québec, QC, G1K 7P4 

Leg 173 was planned in order to complete a transect through the 
Galicia passive margin, one of the most studied in the world.  This 
cruise provided information about continental break up and the onset of 
oceanic crust.  Site 1067A of Leg 173 was drilled in May 1997 in water 
depth of 5021 m.  Middle Eocene to Upper Paleocene sediments were 
cored before reaching a 92 m long amphibolite sequence making the 
acoustic basement at this site.  Amphibolites were subdivided into three 
lithologic units: 1. Unit I, strongly foliated amphibolite and tonalite 
gneiss: Unit II, matrix-supported amphibolite breccia and Unit III, 
weakly foliated to massive amphibolite and meta-anorthosite.  
Geochronology reveals a complex history for these amphibolites.  
Magmatic zircons yielded ages of 270 ± 3Ma and 247 ± 5Ma dating the 
formation of amphibolites during the Hercynian orogeny while opening 
of Atlantic Ocean at this latitude is assumed to have started around 126 
Ma (137 to 110 Ma). 
Microprobe and O isotope geochemistry on amphibole, plagioclase and 
whole rocks enable to better constrain T, P and fluid composition 
prevailing during amphibolite genesis and continental rifting. 
Amphibole composition ranges from ferro-tchermakitic, tchermakitic 
hornblende to magnesiohornblende.  They are locally partly replaced 
by chlorite and are cut by calcite veinlets.  Mg # ranges from 0.5 to 0.7, 
(Na+K)A from 0.12 to 0.43 and Cl is below detection limit.  Amphibole 
*18O values display a small range from 3.9 to 6.6‰. Plagioclase is 
mostly albite (An0-10) with only few values up to An32 in Unit II and 
An65 in Unit I.  Plagioclase exhibits a brown color and is largely 
replaced by sericite.  Plagioclase *18O values range from 6.7 to 9.2‰, 
whereas strongly sericitized plagioclase has *18O of 11.5 and 13‰. 
The mineral and O isotopic compositions of amphibole are consistent 
with a metamorphic evolution in a closed-system and mainly reflect 
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magmatic history of the protolith.  Although plagioclase and amphibole 
show mineral chemistry disequilibrium, O isotope exchange appears to 
have reached equilibrium at a temperature near 580°C.  Pressure is 
estimated to be around 7 kb.  This study suggests that Hercynian 
amphibolite preserved their chemical and isotopic composition during 
closed-system metamorphism and that a small volume of seawater 
penetrated the lower continental crust during rift stage but was mainly 
confined to foliated Unit I and brecciated Unit II. 
 
DISTINGUISHING AMONG SOIL SOLID PHASES USING 
MICRO-CT SCANNING  

HECK, R.J. and ELLIOT, T.R., Department of Land Resource 
Science, University of Guelph, Guelph, ON, N1G 2W1, 
rheck@uoguelph.ca 

The adaptation of computerized axial tomography (CT scanning) to the 
study of intact soil, offers the potential of gaining a better 
understanding of the three dimensional configuration its components.  
Because of the relatively large differences between attenuation of x-ray 
s by voids and soil solids, early work concentrated on quantifying soil 
porosity, then relating it to moisture retention and transport 
characteristics.  Similarities in the attenuation by the various soil solid 
phases, has made differentiation among them more difficult.  The 
limitations imposed by early systems, especially coarse spatial 
resolution and low x-ray energy levels, have been reduced considerably 
with the development of high-resolution micro-CT scanners. Current 
scanners offer spatial resolutions of 5 to 10 :m (a size often used as the 
coarse/fine limit in micropedology) and energy levels between 100 and 
200 kV.  Our current research is directed at developing techniques and 
protocols to distinguish among soil solids, using multiple energy levels 
to aid in the discrimination between compounds of similar x-ray 
attenuation.  Attention is initially being given to common silicates, 
metal oxides, carbonates and sulphates, as well as selected organic 
compounds. 
 
THE VOCAL MINORITY:  EXPERIENCES WITH EARTH 
SCIENCE TEACHERS IN ONTARIO  

HEENAN, S.K., POLARIS Consortium, Department of Earth 
Science, University of Western Ontario, London ON, N6A 5B7, 
sheenan@sympatico.ca 

After every occasion working with teachers there are valuable lessons 
to be learned, and shared with other earth science outreach providers.  
What is our target audience's feedback?  do teachers value? What are 
their needs?  How can we provide suitable materials?  Drawing on 
personal experience with four separate projects, the presenter will share 
responses from teachers in Ontario.  This information is being used to 
direct effective design and delivery of outreach activities to promote 
earth science in Canada. 
School education in Ontario has an earth and space science component 
at every level up to grade 10, and there has been a grade 12 university-
entry level course for the last 3 years.  Earth science is not, however, 
recognized as a specialist subject area for teaching qualifications.  In 
this environment, earth science teachers in Ontario are hard to find, but 
those who are present are passionate and motivated about the subject.  
They are the 'vocal minority' of the title.  A small percentage does have 
post-secondary education in earth science, although rarely in earth 
science education since that is not available in Ontario. 
School students respond enthusiastically to earth science content in 
their schools.  Teachers of the grade 12 course repeatedly report full 
classes. 
The general need in Ontario is to provide outreach to teachers with no 
specific earth science background.  Without a deeper knowledge of the 
subject, often there is a reliance on textbook content.  The 'big picture' 
is missed: the systems approach to earth science, the interconnectivity 
and linking themes within the curriculum. 
Four projects will be referred to that have attempted to meet this need: 
POLARISNet, Lithoprobe, STAO ScienceWorks and the STAO2004 
teachers' conference.  Feedback received reveals teachers preferences, 
including styles of workshops, types of materials, and contrasting 
expectations from elementary and secondary teachers. 

As earth science outreach providers, what can we look to in the future?  
How do we incorporate this feedback into our plans for outreach?  How 
can we improve publicity and networking within a relatively small and 
scattered group? 
We know that earth science teachers and earth science education in 
Ontario are unlikely to ever be a majority, but it would be nice to make 
us a visible minority as well as vocal. 
 
BIOREMEDIATION OF HYDROCARBON CONTAMINATED 
SOIL AMENDED WITH COMPOST:  MICROBIAL 
POPULATION DYNAMICS IN THE FIELD  

HEIDMAN, A.P., aheidman@ualberta.ca, and NAETH, M.A., 
University of Alberta, Edmonton, AB, T6G 2E9 

Petroleum hydrocarbons are persistent organic pollutants and remain in 
contaminated soil for decades.  Contamination of soil from petroleum 
hydrocarbons is widespread; in western Canada alone there are an 
estimated 75,000 to 90,000 contaminated sites.  Natural attenuation and 
bioremediation have proven to be effective remediation technologies 
for sites with low to moderate levels of hydrocarbon contamination and 
suitable soil and climate conditions, and work by allowing indigenous 
soil microorganisms to degrade the organic contaminants over time. 
Nitrogen and phosphorus are often the dominant limiting factor in 
biodegradation of hydrocarbons in soil, as the balance of these nutrients 
with carbon is disturbed.  Compost application to contaminated soil 
adds organic matter and nutrients to soil and thus stimulates soil 
microbial populations, which in turn improves aggregate stability, soil 
water retention, porosity and aeration.  Bioremediation of petroleum 
hydrocarbons may therefore be improved by compost amendment.  To 
date, however, few studies have investigated the potential of compost 
as a soil amendment in petroleum hydrocarbon bioremediation and few 
field trials have been conducted on Canadian sites. 
This study investigated microbial dynamics in an established field trial 
of bioremediation of crude oil contamination in central Alberta.  The 
simulated in situ study began in June 2003.  The plots selected for 
study were not seeded, but weeds were allowed to invade.  Three 
parameters were studied: 1) petroleum hydrocarbon contamination 
(crude oil + non-contaminated control), 2) amendment (inorganic 
fertiliser, municipal solid waste / biosolids co-compost, combined co-
compost + inorganic fertiliser amendment, non-amended control 
treatment), and 3) soil depth (0-10 cm + 10-20 cm).  Sampling was 
conducted in August 2004 to assess microbial population size and 
function.  Comparison of this data to concurrent measurements of 
petroleum hydrocarbon concentrations and other soil and vegetation 
parameters will be discussed. 
 
SILICATE MELT STRUCTURE:  A GLASS PERSPECTIVE 
WITH IMPLICATIONS FOR THE BEHAVIOUR OF MAGMAS  

HENDERSON, G.S., Geology Department, University of 
Toronto, 22 Russell Street, Toronto, ON, M5S 3B1, 
henders@geology.utoronto.ca 

The physical and chemical behaviour of natural magmas is related to 
the structure of their melt phase.  While in-situ studies of silicate melts 
at temperature and pressure are most desirable, it is easier, for technical 
reasons, to use quenched melts or glasses as analogues.  This is because 
glasses are considered to have structures that resemble the liquid state 
and since they are solid, experimental data can be extracted from them 
more easily than their molten analogues.  However, there has been a 
tendency in the geological sciences to: 1) interpret experimental data 
obtained from glasses in terms of concepts more typical of ordered 
materials and, 2) use glass compositions that are geologically relevant, 
but for which the structure is inherently complex.  This has occurred 
because geological researchers are often more familiar with crystalline 
materials, such as minerals, than amorphous materials like glasses.  
Here I review simple melt structure concepts from a glass, rather than 
geological perspective, and bring to the attention of the geological 
community some recent results from the glass community that may 
have important implications for geological melts.  In particular, the 
application of mean field (MF) constraint models to elucidating 
intermediate phases and amorphous phase transitions, as well as, recent 
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data on the relationship between coordination changes and the physical 
behaviour of glasses.  The former, has been successfully applied to 
chalcogenide glasses (containing Se, S, As) to explain the physical and 
chemical behaviour of Ge-As-Se glasses, for example, and is now 
starting to be applied to more common oxide glasses such as SiO2 and 
silicate glasses.  The latter, evolves from work on germanate glasses 
(silicate analogues) which exhibit large changes in physical properties 
(not observed in silicate glasses).  The conventional explanation for 
these physical changes is commonly the formation of higher 
coordinated species such as 5 or 6-fold Ge polyhedra.  However, recent 
O K-edge XANES data indicate that while such species are formed, 
they play little, if any role in the observed physical behaviour.  These 
findings have important implications for natural silicate melts where 
coordination changes of Fe, Al and Ti are often used to explain changes 
in the physical and chemical behaviour of magmas. 
 
VMS CLASSIFICATIONS LINKED TO SETTINGS, VOLCANIC 
CHEMISTRY AND EARLY ALTERATION FEATURES:  
LESSONS FROM THE SOUTH URALS, RUSSIA  

HERRINGTON, R.J., Natural History Museum, London, UK, 
R.Herrington@nhm.ac.uk, MASLENNIKOV, V.V., ZAYKOV, 
V.V., Institute of Mineralogy, RAS, Miass, Russia, SERAVKIN, 
I.B., KOSAREV, A.M., Ufimian Science Centre, RAS, Ufa, 
Bashkortostan, Russia, BUSCHMANN, B., TUF, Freiberg, 
Germany, ORGEVAL, J-J., BRGM, Orleans, France, 
HOLLAND, N., NOC, University of Southampton, UK, 
TESALINA, S.G., IPGP, Paris, France, NIMIS, P., University of 
Padova, Italy, and ARMSTRONG, R., Natural History Museum, 
London, UK 

The majority of the Paleozoic Urals VMS deposits formed within 
volcanic-dominated sequences in deep seawater settings.  Preservation 
of macro and micro vent fauna in the sulphide bodies is both testament 
to the seafloor setting and the exceptional degree of preservation of the 
deposits and their host rocks.  Uralian VMS have previously been 
classified in broad terms of tectonic setting, host rock associations and 
metal ratios.  In addition to these broad classes, a number of deposits 
show an evolution of the host volcanic chemistry accompanied by 
changes in the metal ratios of the VMS deposits.  Two key structural 
settings are implicated in the south Urals: 1) Marginal allocthons west 
of the Main Urals Fault where early arc tholeiites host Cu-Zn 
mineralisation in deposits including a deposit hosting the oldest macro 
vent fauna assembly known to science; 2) The Magnitogorsk arc where 
study has highlighted the presence of a preserved early forearc 
assemblage, arc tholeiite to calc alkaline sequences and rifted arc 
bimodal tholeiite sequences.  The boninitc rocks of the forearc host 
Cu(Zn) and Cu-Co VMS deposits, the latter hosted in fragments within 
the Main Urals Fault Zone (MUFZ) which marks the line of arc-
continent collision in Late Devonian times.  The arc tholeiites host Cu-
Zn deposits with an evolution to more calc-alkaline felsic volcanic 
sequences matched with a change to Zn-Pb-Cu (Au, Ag) polymetallic 
deposits.  Large rifts in the arc sequence are filled by thick bimodal 
tholeiite sequences, themselves often showing an evolution to more 
calc-alkaline nature.  These thick bimodal sequences are host to the 
largest of the Cu-Zn VMS deposits.  The exceptional degree of 
preservation in the Urals has permitted the identification of early 
seafloor clastic and hydrolytic modification (here termed halmyrolysis 
senso lato) to the sulphide assemblages prior to diagenesis and this 
results in large-scale modification to the primary VMS body resulting 
in distinctive morphological and mineralogical sub-types of sulphide 
body superimposed upon the tectonic association classification.  It is 
proposed that a better classification of seafloor VMS systems is thus 
achievable using a three stage classification based on I) tectonic (hence 
bulk volcanic chemistry) association, ii) local volcanic chemical 
evolution within a single edifice and iii) seafloor reworking and 
halmyrolysis. 
 
WHY DOES STOICHIOMETRIC DOLOMITE AND NOT 
CALCITE AND/OR SIDERITE FORM AS PRIMARY 
PRECIPITATE IN ORDOVICIAN ORGANOGENIC 
CONCRETIONS OF THE QUÉBEC APPALACHIANS?  

HESSE, R., McGill University, 3450 University St., Montreal, 
QC, H3A 2A7, hesse@eps.mcgill.ca, and JEHANGIR, S., Box 
No. 117, Sinhi, Muslim Housing Community, Syderabad, Sin, 
Pakistan 

The primary mineralogy of authigenic carbonates in concretions and 
the factors controlling it have been the subject of much debate.  
Published empirical evidence suggests that ferroan dolomite 
concretions form in high-sedimentation rate, organic-matter rich 
environments whereas non-ferroan calcite/siderite concretions occur in 
relatively low-sedimentation rate environments.  One crucial factor is 
probably whether or not the concretions started to form in the sulphate 
reduction zone.  Calcite may precipitate in the lower sulphate reduction 
zone.  Dolomite rarely starts to precipitate in the sulphate reduction 
zone because sulphate is a strong inhibitor for dolomite.  For calcite to 
form the Ca concentration has to be raised sufficiently to exceed the 
solubility product which is only possible if the combined thickness of 
the oxidation zone, nitrate reduction zone and upper sulphate reduction 
zone is large enough to allow sufficient (biogenic) calcium carbonate to 
be dissolved.  This is the case in moderate sedimentation rate settings.  
In the lower sulphate reduction zone, the pH has been raised by metal 
reduction processes (such as Mn and Fe reduction) to the point that 
authigenic carbonates may form.  Under high-sedimentation-rate 
conditions the first three organic-matter oxidation zones together are 
too thin (comprising only a few centimeters in certain cases) to allow 
sufficient calcium carbonate dissolution.  Here authigenic carbonates 
only start to form in the methane generation zone and use available Ca 
and Mg to precipitate dolomite.  This is why sedimentation rate 
ultimately controls the primary mineralogy of concretion carbonate.  In 
the Ordovician Cloridorme Formation of the Quebec Appalachians the 
origin of dolomite concretions in the methane generation zone is 
demonstrated by positive delta C-13 values (up to +10.2 permil for 
concretions and up to 7.7 permil for diagenetic beds).  The concretions 
and diagenetic beds are isotopically (both for C- and O-isotopes) well 
zoned displaying a marked center to margin decrease (to 0.8 and 1.2 
permil, respectively, for the concretions and beds).  This zonation is 
evidence that the concretions started to form at peak methane 
generation but continued to grow to see the effects of thermokatalytic 
organic-matter oxidation, which by diffusion supplied C-13 depleted 
carbonate from greater depths.  This also confirms the primary nature 
of the dolomite, which did not re-crystallize.  The well-ordered 
dolomite is near-stoichiometric (51% CaCO3 : 49% MgCO3).  The 
formation of well-ordered nearly stoichiometric dolomite in the 
presence of sulphate reducing bacteria has been reported in the 
literature.  Methanogens may have the same effect as sulphate reducers. 
 
HEINRICH EVENTS AS MAIN EPISODES OF 
GLACIOMARINE SEDIMENT SUPPLY TO THE DEEP 
LABRADOR SEA:  EVIDENCE FROM LOFTED SEDIMENT 
DERIVED FROM FRESH-WATER GENERATED TURBIDITY 
CURRENTS  

HESSE, R., Earth and Planetary Sciences, McGill University, 
Montreal, QC, H3A 2A7, hesse@eps.mcgill.ca, and 
KHODABAKHSH, S., Geology Dept., Bu-Ali Sina University, 
65178 Hamedan, Iran 

There is evidence that the Late Pleistocene Heinrich events were the 
times of main depositional activity in the Labrador Sea, a hitherto 
unknown aspect of these phenomenal events besides their known role 
as intense iceberg and melt-water discharge episodes.  The evidence is 
contained in a distinct depositional facies of stacked graded mud layers 
containing ice-rafted debris (IRD) that are associated with Heinrich 
events.  The IRD-spiked graded mud-layers result from sediment 
lofting.  Sediment lofting from turbidity currents is a process that 
occurs in density currents generated from fresh-water discharges into 
the sea and other density currents that can produce reversed buoyancy.  
Settling of suspended sediment from the top or deposition from the 
bottom of the flows may lower the density below that of ambient 
seawater causing the currents to lift up either in part or as a whole 
through buoyancy reversal, as is well known from experiments.  The 
turbid fresh-water clouds buoyantly rise out of a turbidity current to a 
level of equal density in a stratified water column where they spread 
out laterally, even upcurrent, and generate interflows that deposit 
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graded layers.  The process is slow enough to allow incorporation into 
the graded layers of debris raining out of drifting icebergs.  Individual 
lofting events probably lasted for the entire iceberg season.  The 
significance of the lofted fine-grained depositional facies arises from its 
genetic link to large sand and gravel transporting turbidity currents that 
were generated by melt-water discharges from the Hudson Strait outlet 
of the Laurentide Ice Sheet and are the likely source of the lofted 
sediment.  These currents were responsible for the formation of a huge 
sand (and gravel) abyssal plain in the central Labrador Basin.  The 
observed lofted depositional facies is exclusively found in Heinrich 
layers.  Through this stratigraphic relationship the lofted facies ties the 
main pulses of late Pleistocene sediment supply in the Labrador Basin 
to Heinrich events. 
 
RELATIONSHIPS BETWEEN CRUSTAL BLOCKS IN THE 
APPALACHIAN PERI-GONDWANAN REALM  

HIBBARD, J.P., North Carolina State University, Raleigh, NC, 
27695, USA, jim_hibbard@ncsu.edu, and VAN STAAL, C.R., 
Geological Survey of Canada, 601 Booth St., Ottawa, ON, K1A 
0E8 

Four extensive Neoproterozoic-early Paleozoic crustal blocks that 
originated in a peri-Gondwanan setting form the eastern flank of the 
Appalachian orogen.  They include Carolina in the southern 
Appalachians and Ganderia, Avalonia, and Meguma in the northern 
portion of the orogen.  Interrelationships between these crustal blocks 
are important for understanding both the accretionary history of the 
orogen and the evolution of the Iapetus and Rheic oceans, first-order 
features of the Paleozoic globe. 
Traditionally, Carolina and Avalonia were considered to represent a 
single microcontinental magmatic arc system that accreted to Laurentia 
in the middle to late Paleozoic.  Although they appear to share a similar 
lithotectonic history between c. 680-590 Ma, their latest 
Neoproterozoic-Paleozoic tectonic evolution is different.  In particular, 
the Avalonian arc system ended in the late Neoproterozoic, apparently 
without collision, and was succeeded by a robust Cambrian-Silurian 
platform sequence, possibly representing a strike-slip margin.  Distinct 
from Avalonia, Carolina records a late Neoproterozoic arc-arc collision 
and arc magmatism continued into the Cambrian; only a thin Middle 
Cambrian clastic sequence is preserved atop Carolina magmatic arcs.  
Furthermore, the Avalonian platform was not deformed until the Early 
Devonian whereas Carolina experienced widespread Ordovician-
Silurian deformation. 
In contrast to the orthodox Carolina-Avalonia correlation, we note 
more striking similarities between Ganderia and Carolina.  Specifically, 
late Neoproterozoic arc magmatism and tectonism extended into the 
Cambrian in both Ganderia and Carolina, and both were accreted to 
Laurentia during Late Ordovician-Silurian sinistral transpression.  In 
addition, a Middle Cambrian to Early Ordovician clastic sequence caps 
Gander arc rocks, similar to relations in Carolina. Consequently, 
Carolina may be more closely affiliated with Ganderia than with 
Avalonia.  Collectively, Carolina-Ganderia may represent a 
Neoproterozoic arc system that records the transition from a continental 
to an oceanic substrate. 
Meguma displays significant Paleozoic differences with the other 
blocks; a common tectonic evolution between Meguma and Avalonia 
cannot be inferred until the late Early Devonian, suggesting a complex 
and long lasting accretionary history of peri-Gondwanan terranes. 
 
THE MASSIVE SULPHIDE DEPOSIT OF SOUTH-WESTERN 
MOROCCAN MESETIAN ZONE:  TEXTURAL, 
MINERALOGICAL AND GENETIC ASPECTS  

HIBTI, M., Université Cadi Ayyad, Faculté des Sciences et 
Techniques, B.P. 549, Gueliz, Marrakech, Morocco, hibti@fstg-
marrakech.ac.ma 

The massive sulphide deposit of Moroccan Mesetian domain are 
located in the Guemassa (Hajjar) and Jebilet (Draa Sfar and Kettara) 
belts.  These deposits occur in Visean volcanic to volcano-sedimentary 
lithologies.  They are affected by the Hercynian orogeny, which 
develops NS folds, schistosity and faults. 

The ore bodies are a concordant lens with a paragenetic sequence 
composed mainly of pyrrhotite, sphalerite, galena, chalcopyrite, pyrite 
and arsenopyrite.  However, several trace mineral have been observed 
specially in Hajjar and Draa Sfar deposits.  It’s about cubanite, natif 
bismuth, bismuthinite, glaucodot, cassiterite and stannite.  Gangue 
minerals are chlorite, sericite, quartz and fragments of volcanic rocks 
and schist.  The special about those deposits is the high content of 
pyrrhotite occurs (70-80 percent).  The other metallic and gangue 
minerals are present in small amounts. 
These deposits, deformed and metamorphosed under greenschist facies, 
indicate that arsenopyrite and pyrite had a brittle behavior with a 
pressure shadow around them, whereas pyrrhotite, sphalerite, galena 
and chalcopyrite were deformed as ductile sulphides, and exhibit 
abundant and well- metamorphic structure and texture including 
foliated-lineated pyrrhotite and sphalerite, slip planes and deformation 
twinning in galena, pyrrhotite and sphalerite, granoblastic annealing-
recristallisation features with 120° triple-point junctions in sphalerite 
and pyrrhotite. 
Despite its metamorphism, these ore bodies preserve a generally 
stratiform nature with sharp host-rock contacts and rare relicts of 
primary deposit texture like:  small banded sulphide, conformable to 
bedding;  small-scale folds in the banded sulphides suggesting soft-
sediment deformation; and smaller rounded fragments of primary ore 
indicating transport and redeposition. 
These characters confirm that the Mesetian massive sulphide deposits 
are clearly a metamorphosed ore deposits.  The primary texture 
preserved yield evidence of formation in soft sediments, close to the 
sea-floor. 
Consequently, many depositional texture and structure are completely 
obliterated as a result of both recristallisation and deformation. 
 
NEOLITHIC JADEITE AND ECLOGITE AXES FROM 
GREECE:  A POSSIBLE MATERIAL SOURCE ON THE 
ISLAND OF SYROS, GREECE  

HIGGINS, M.D., Sciences de la Terre, Université du Québec à 
Chicoutimi, Chicoutimi, QC, G7H 2B1, Canada, 
mhiggins@uqac.ca 

Neolithic stone axes have been found throughout Greece, but 
unfortunately most have doubtful or unknown provenance.  
Examination of several hundred axes in the British and Manchester 
Museums and the British School at Athens had revealed a population of 
greenstone axes that are made of pale green, coarse-grained pyroxenite 
that may be jadeite.  A smaller number of axes are made of garnet-
bearing pyroxenite, which may be eclogite.  However, analyses have 
been limited so far to optical examination of the surfaces and 
measurement of the density.  Nevertheless, these techniques can easily 
eliminate other materials used to make greenstone axes, such as 
silicified serpentine and quartzite. 
There are few sources of jadeite and eclogite in the Aegean region: The 
best known is on the northern part of the island of Syros, in the 
Cyclades.  Here, a band of serpentinite contains a series of metric scale 
blocks.  These blocks were probably originally dykes emplaced into the 
oceanic lithosphere and subsequently metamorphosed and dissected.  
Almost pure jadeite, as well as eclogite, now crops out as a series of 
boulders on the hillside and also as rounded pebbles on a beach beneath 
the outcrops.  These materials strongly resemble those used to 
manufacture the Neolithic axes, but have not yet be positively linked.  
The jadeite pebbles on the beach would have been a particularly 
interesting source as wave action has destroyed blocks with fractures 
and rounded the blocks.  Such blocks would have needed relatively 
little extra shaping to be transformed into axes.  However, exploitation 
of this source is unlikely to have left any traces. 
 
MAGMA STORAGE BENEATH THE DECCAN FLOOD 
BASALTS, INDIA: EVIDENCE FROM CRYSTAL SIZE 
DISTRIBUTIONS OF PLAGIOCLASE IN THE GIANT 
PHENOCRYST BASALTS  

HIGGINS, M.D., Sciences de la Terre, Université du Québec à 
Chicoutimi, Chicoutimi, QC, G7H 2B1, Canada, 
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mhiggins@uqac.ca, and CHANDRASEKHARAM, D., Dept 
Earth Sciences, Indian Institute of Technology, Bombay 400076, 
India 

At the four known Giant Phenocryst Basalts (GPB) levels within the 
Deccan group, India, the normally low abundance and small size of 
plagioclase phenocrysts increases to 5-25% with some crystals as long 
as 50 mm.  The crystal size distributions of these megacrysts are mostly 
straight, but crystals smaller than 1 mm are rare or absent.  A simple 
steady-state model suggests residence times of 70-160 yrs for a growth 
rate of 100 pm/s.  However, the lack of small crystals and the absence 
of correlation between residence time and amount of plagioclase 
indicate that the situation cannot be so simple.  The plagioclase 
megacrysts are very tabular (aspect ratio = 1:8:8) and commonly form 
clusters of sub-parallel crystals, characteristics that are also found in the 
plagioclase of anorthosites formed by floatation at the top of shallow 
magma chambers (e.g. Skaergaard; Sept Iles).  In the field it is clear 
that the GPB were formed by mixing of megacryst-rich and low-
plagioclase magma.  A possible history is: 1) Crystallisation, floatation 
and accumulation of plagioclase megacrysts at the top of a convecting 
magma chamber.  The crystals may coarsen at this time. 2) New, hotter 
magma sweeps through the plagioclase megacryst mush, mingles and 
mixes, then erupts to form the GPBs.  The residence time recorded by 
the megacrysts in the GPBs is that of the magma chamber where the 
megacrysts formed, not that of the magmas that make up the low-
plagioclase part of the GPBs or the other low-plagioclase lavas.  Such 
magma storage chambers may be preserved as plutons below the lava 
pile, as at Skaergaard (Greenland) Duluth (USA) and has been recently 
proposed for Sept Iles (Canada). Lavas with megacrysts similar to the 
GPBs are uncommon but widespread (Keewinawin, USA; Surtsey, 
Iceland; etc) and a similar story may be applied elsewhere. 
 
THE COASTLINE OF CANADA, 25 YEARS ON  

HILL, P.R., Geological Survey of Canada, Natural Resources 
Canada, Box 6000, Sidney, BC, V8L 4B2, phill@nrcan.gc.ca 

In 1978, Brian McCann organized a conference in Halifax entitled 
“Coastline of Canada: Littoral Processes And Shore Morphology”.  At 
the time, coastal surveys were conducted with theodolites and levels, 
while marine surveys utilized single beam echo-sounders, air gun 
seismics and early-model sidescan sonars.  Today, 25 years later, wide 
tracts of shoreline can be mapped with airborne laser technology, while 
multibeam sonar and digital image processing have revolutionized 
marine geoscience.  The shoreline is now understood not so much as a 
hard boundary as a transient and dynamic interface between land and 
sea.  The eroding drumlin coastline of Nova Scotia, for example, has 
been shown to cycle between different geomorphic states, characterized 
by the birth and death of barrier beaches, dependant on the transient 
sediment supply of the drumlin bluffs.  In the same time period, the two 
great Canadian river deltas, the Mackenzie and the Fraser, have been 
studied in detail and seen to exhibit very different morphodynamic 
styles, the former no longer prograding but “auto-retreating”, while the 
latter being sculpted by tidal currents and human influences.  Arctic 
shorelines have also seen much attention, stimulated by petroleum and 
hydroelectric development in the north.  Whereas isostatic uplift 
continues to raise beaches, deltas and marine clays into the permafrost-
forming air of Hudson Bay, transgression of the subsiding shoreline of 
the Beaufort Sea leaves relict permafrost and thermokarst topography 
beneath the shelf seabed.  Today the understanding of coastal 
morphodynamics becomes critical as we become aware of the lasting 
effects of global climate change, particularly rising sea levels. 
 
INSTABILITY AND DOWNSLOPE TRANSPORT OF 
SEDIMENT AT THE MOUTH OF THE FRASER RIVER 
DELTA, BRITISH COLUMBIA, CANADA  

HILL, P.R., IWANOWSKA, K. and LINTERN, D.G., Natural 
Resources Canada, Geological Survey of Canada, Box 6000, 
Sidney, BC, V8L 4B2, phill@nrcan.gc.ca 

Repeat multibeam bathymetric surveys at the mouth of the Main 
Channel of the Fraser River delta indicate that the upper delta slope 
accumulates sediment for periods up to several years before failing.  
Major losses of sediment in the heads of submarine valley tributaries 

are interpreted to indicate mass failure.  It is inferred from the 
submarine valley morphology that the slope failures become 
transformed into gravity flows that transport sediment offshore to the 
base of the slope where a small depositional lobe can be identified in 
multibeam backscatter and high-resolution seismic profiles.  There is a 
range of possible origins for these failures and flows: (1) sediment 
loading combined with tidal drawdown may cause liquefaction and 
slope failure at times of maximum sediment discharge (typically the 
snowmelt peak in June) and/or spring tides; (2) high suspended 
sediment discharge combined with winter storms may create conditions 
suitable for the generation of wave-supported gravity flows; (3) cyclic 
seismic loading during earthquakes may result in excess pore pressures, 
liquefaction and slope failure; (4) groundwater flow may cause excess 
pore pressures liquefaction and slope failure.  While these processes are 
common to most deltaic river mouths, the high tidal range and strong 
tidal currents contribute particular conditions that enhance the potential 
for instability and gravity-flow generation, namely enhanced flow from 
the river at ebb-tide and bottom re-suspension of delta slope sediments 
by strong contour-parallel flood tidal currents. 
 
PALEOCENE-EOCENE HIGH-GRADE METAMORPHISM, 
ANATEXIS AND DEFORMATION IN THOR-ODIN DOME, 
SOUTHEASTERN BRITISH COLUMBIA  

HINCHEY, A.M. and CARR, S.D., Ottawa-Carleton Geoscience 
Center, Department of Earth Sciences, Carleton University, 
Ottawa, ON, Canada, K1S 5B6, ahinchey@connect.carleton.ca 

Thor-Odin dome of the Monashee complex, in the southeastern 
Canadian Cordillera comprises >1.8 Ga migmatitic basement gneiss 
with infolds of supracrustal rocks, and is the deepest exposed structural 
level in the Omineca belt.  Ortho- and paragneiss of the basement 
contain ubiquitous stromatic leucosome as well as discrete phenocrystic 
and pegmatitic vein-type leucosome, which are all interpreted to have 
formed as a result of in situ melting in the Paleocene - Eocene.  The 
stromatic leucosome is infolded with the country rock (F2), contains a 
weak foliation, and has a biotite rich melanosome.  Leucosome 
contains igneous textures such as euhedral phenocrysts of plagioclase 
and potassium feldspar with primary twining and cumulate textures; 
there is no evidence of alteration of minerals.  The major and trace 
element chemistry of all leucosome types are typical of minimum melts 
generated by partial melting of the crust.  The Sr and Nd isotopic 
composition of the leucosome and host gneiss are similar to each other, 
which is consistent with production of leucosome by melting of gneiss 
in the region.  The sharply faceted crystal shapes, internal oscillatory 
zoning and low Th/U ratios of zircon from the leucosome supports an 
igneous source and are typical of zircons that grew in a partial melting 
environment.  The rocks reached peak P-T conditions of 8-10 kbar and 
800°C and underwent subsequent isothermal decompression.  These 
conditions are consistent with those required for partial melting in the 
host gneisses.  Leucosome formation occurred at ca. 56-52 Ma, on the 
basis of SHRIMP geochronology studies.  The onset of anatexis at ca. 
56 Ma, as a result of regional prograde metamorphism, was coincident, 
at least in part, with the formation of the penetrative S2 transposition 
foliation and large recumbent F2 tight to isoclinal folds.  The onset of 
melting may have localized strain and enhanced strain rates leading to 
the formation of large-scale structures.  Anatexis continued during F3 
and F4 folding; decompression melting at ca. 52 Ma was concomitant 
with the onset of D5 extensional deformation.  In Thor-Odin dome, 
located in the hinterland of the southeastern Canadian Cordillera, high-
grade metamorphism, anatexis, penetrative deformation and large scale 
folding are Paleocene - Eocene in age. 
 
PALEOCENE HIGH-GRADE THERMAL PEAK, ANATECTIC 
FRONT AND HIGH STRAIN THE THOR-ODIN AREA, 
MONASHEE COMPLEX:  CONSTRAINTS FOR TECTONIC 
MODELS OF THE SOUTHERN CANADIAN CORDILLERA  

HINCHEY, A.M. and CARR, S.D., Ottawa-Carleton Geoscience 
Center, Department of Earth Sciences, Carleton University, 
Ottawa, ON, K1S 5B6, ahinchey@connect.carleton.ca 

Thor-Odin dome of the Monashee Complex is located in the hinterland 
of the southern Canadian Rocky Mountain thrust belt.  The dome 
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comprises supracrustal and > 1.8 Ga North American basement rocks 
that experienced polydeformation, high-grade metamorphism and 
anatexis during the Mesozoic-Eocene Cordilleran orogen.  Pervasive 
Paleocene - Eocene deformation transposed and overprinted 
Precambrian relationships and structures.  The timing of onset of 
Cordilleran events in Thor-Odin is uncertain; however, deformation 
and prograde metamorphism were ongoing in the Late Cretaceous.  
Peak P-T conditions of ~800°C and 8-10 kb constrain the depth of 
burial of the basement rocks to ~30 km.  Ca. 56 Ma SHRIMP ages of 
syntectonic leucosome from basement gneiss indicate that anatexis 
occurred in the Paleocene.  Melting may have localized strain and 
enhanced strain rates leading to transposition and the formation of 
large-scale folds.  This is the youngest deformation and metamorphism 
in the hinterland, and was synchronous with the final stages of 
compression in the Foothills.  Anatexis in Thor-Odin continued until 
ca. 52 Ma as the dome underwent isothermal decompression and 
exhumation during regional extension.  Peraluminous leucogranites 
formed via partial melting of the basement gneiss, and localized 
extensional structures.  Thor-Odin is the deepest exposed level of a 
panel of strained rocks that developed during progressive loading, 
thickening and heating of the crust.  At structural levels above Thor-
Odin, to the south, west and north of the dome, at Cariboo Alp, Joss 
Mountain and Three Valley Gap, respectively, the rocks preserve a 
record of deformation, high-grade metamorphism and anatexis that was 
older than 58 Ma, and 2. m.y. older than events in Thor-Odin.  
Regionally the timing of the thermal peak migrated downward, as did 
anatexis and a zone of high strain.  In the Paleocene, Thor-Odin was 
deeper and hotter than adjacent rocks of Frenchman Cap dome in the 
northern Monashee Complex indicating that there are two different 
structural panels within the complex that were juxtaposed late in the 
tectonic evolution. 
 
A (R)EVOLUTION IN MINING - IMPLICATIONS FOR 
EXPLORATION  

HITZMAN, M.W., Department of Geology and Geological 
Engineering, Colorado School of Mines, Golden, Colorado, 
80401, USA 

Two great revolutions in mining occurred during the 20th century.  The 
first took place almost exactly 100 years ago (1903-1905) with Daniel 
Jackling’s experiment in the economies of scale for large-scale mining 
at Bingham Canyon.  The second revolution was the impact of 
environmental and social concerns on mining.  It started near the end of 
the 20th century and is still under way.  The effects of this revolution 
will be as profound as those of the first.  The social contract over the 
next quarter decade will require mining that is less environmentally and 
socially intrusive.  The search for “world-class” deposits has been 
primarily aimed toward very large tonnage, low to moderate grade 
deposits exploitable by open pit.  Such operations are precisely those 
that will not be favored in the future.  The new mining paradigm will 
necessitate the discovery/production of: 1) high grade deposits that can 
be mined with little ground disturbance; and 2) larger, bulk tonnage 
deposits mined by in-situ methods.  Exploration for small, high-grade 
deposits will require sophisticated geologic concepts.  Exploration for 
larger, bulk tonnage deposits that can be exploited in-situ will require 
extreme attention to site hydrogeology to ensure that pumping can be 
conducted without undue influence to the existing groundwater 
resources. 
 
EARLY HISTORY OF THE MID-CONTINENTAL RIFT 
INFERRED FROM GEOCHEMISTRY AND 
SEDIMENTOLOGY OF THE PROTEROZOIC OSLER GROUP, 
NORTHWESTERN ONTARIO  

HOLLINGS, P., Peter.Hollings@lakeheadu.ca, FRALICK, P., 
Department of Geology, Lakehead University, Thunder Bay, ON, 
P7B 5E1, and COUSENS, B., Department of Earth Sciences, 
Carleton University, 1125 Colonel By Drive, Ottawa. ON, K1S 
5B6 

The 1108-1105 Ma Osler Volcanic Group on the north shore of Lake 
Superior is among the oldest expressions of the Midcontinent rift 
preserved on the shores of Lake Superior.  It comprises an 

approximately 3km thick assemblage of basaltic flows intercalated with 
thin sedimentary successions.  The flows range in thickness from 5cm 
to 30m with a regional dip of ~6-15° S.  The majority of the exposed 
section is magnetically reversed with only the upper 100m displaying a 
normal polarity.  Basalt flows are typically >1m thick, frequently 
amygdaloidal towards their top and bottom, with a massive core and 
rarely display a pahoehoe texture on the flow surface.  The basalts are 
characterized by clinopyroxene and plagioclase phenocrysts in a 
groundmass of plagioclase, augite and Fe-Ti oxides.  The volcanic 
flows on Wilson Island are basalts or basaltic andesites (SiO2 = 47-56 
wt%; MgO = 5-16 wt%), characterized by LREE enrichment (La/Smn = 
1.5-3.9) in conjunction with moderately fractionated HREE (Gd/Ybn = 
1.5-3.7) and slight positive to moderately negative Nb anomalies 
(Nb/Nb* = 0.56-1.13).  Major and trace element data show upwards 
trends of increasing SiO2 and decreasing MgO and display strong 
positive correlations between La/Smn, Th/La and Th/Nb with height.  
Trace element geochemistry and radiogenic isotope data indicates that 
the OIB-like basalts become increasingly contaminated up section 
(>Nd(1106Ma) = +0.3 to -5.3).  The sedimentary successions near the 
base of the Osler Group constitute the Simpson Island Formation.  
They are composed of a Lower Member dominated by trough cross-
stratified, medium-grained sandstones directly overlying basement and 
an Upper Member with a greater variety of siliclastic units.  The Lower 
Member sits on an irregular, erosional surface cut into the underlying 
quartz arenites of the Nipigon Bay Formation, Sibley Group.  
Sandstones and conglomerates of the Simpson Island Formation 
accumulated as an assemblage of longitudinal bars and sandy braided 
channels in a system flowing to the west.  A younger succession 
towards the top of the Osler Group represents the upper portion of an 
alluvial fan totally sourced within the rift.  Initial accumulaion of the 
Osler Group began with a trunk stream flowing to the west parallel to 
the rift axis on a regional west dipping paleoslope.  Paleocurrents to the 
SSE in the younger sedimentary succession indicate south-down 
rotation of the basement. 
 
EVIDENCE OF DYNAMIC OPEN SYSTEM BEHAVIOR IN 
THE DEER ISLE PLUTON, COASTAL MAINE, USA  

HOOKS, B.P., benjamin.hooks@umit.maine.edu, and LUX, 
D.R., University of Maine, Dept. of Earth Sciences, Orono, ME 
04469, dlux@maine.edu 

The Deer Isle pluton (372 Ma) is found within the Coastal Maine 
Magmatic Province where it intrudes the Cambrian Ellsworth Schist.  
We have examined this calc-alkaline granite in terms of field 
relationships, mineral texture and chemistry, whole-rock major and 
trace elements, and Sr and Nd isotopic composition.  Field relationships 
including the distribution of plagioclase-mantled alkali feldspar grains 
allow us to subdivide the pluton into four sub-facies.  The Oak Point 
(OP) granite can be subdivided into the Flye Point (FP) and Oak Point 
(OP) sub-facies and the Stonington (STO) granite is subdivided into the 
Settlement Quarry (SQ) and Crotch Island (CI) sub-facies.  OP granite 
is interpreted to be the base of the intrusion, and consists of medium-
grained granite with a feldspar-supported matrix, similar to a cumulate 
texture.  Abundant, mafic enclaves (10-20cm) are commonly found 
flattened and aligned parallel with a weak, feldspar-defined, magmatic 
foliation.  STO granite has much more local textural variability, 
characterized by coarse feldspar segregations, schlieren, and rounded, 
cm-scale, intermediate enclaves found isolated and in swarms.  
Hydrothermal alteration is observed locally.  Chemically, the OP 
granite is less evolved (~67% SiO2) than STO (~72% SiO2), and 
enclaves range from basaltic (55-60% SiO2; OP) to andesitic (60-70% 
SiO2; STO).  Linear geochemical bivariate trends, including data from 
both granites and enclaves, suggest that mixing may have been 
important.  Mineral assemblages show spatial variations, most notably 
a decrease in plagioclase-mantled alkali feldspar from OP to STO by an 
order of magnitude (~400 m-2 to < 20), absence of amphibole in STO, 
and presence of fluorite in the most chemically evolved portion of the 
granite (CI).  The observed mantle-like signature suggests that either 1) 
there was a mantle component or 2) a mantle signature was inherited 
from the source.  The Avalonian terrane has a mantle signature and is 
the most probable source.  The systematic variations of composition, 
mineral assemblage, and magmatic texture suggest that the magma was 
emplaced as a mixture of plagioclase-mantled alkali feldspar and melt.  
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Some fractionation mechanism, either flow sorting, crystal settling, or 
compaction (with filter pressing) separated melt from crystals, forming 
the OP facies.  The presence of mafic enclaves suggests some degree of 
open system behavior.  The remaining magma then actively flowed, 
possibly via convection, and crystallized forming and preserving 
schlieren and enclave swarms.  The dynamic, open system behavior of 
this intrusion may not be unique, similar features are found universally. 
 
POROSITY DEVELOPMENT AND SPELEOGENESIS OF 
DOLOMUDSTONES, PEKISKO FORMATION (LOWER 
CARBONIFEROUS) ALBERTA  

HOPKINS, J.C., University of Calgary, Calgary, AB, T2N 1N4, 
jchopkin@ucalgary.ca 

An unusual phenomenon is the tendency for carbonate mudstones in 
some formations to become preferentially dolomitized within limestone 
successions.  Such is the case in the Pekisko Formation where 
dolomudstone bodies form small but important oil and gas reservoirs. 
Pekisko Formation dolomudstones are intercalated with and overlie 
grainstones.  Towards the top of the formation, tight fenestral lime-
mudstone caps porous dolomudstone but is rarely dolomitized.  The 
host sediment of the dolomudstone, interpreted from relict textures 
preserved in chert nodules, was a microwackestone comprised mostly 
of silt- and clay-size particles in which at least the larger particles are 
comminuted skeletal fragments.  The dolomudstone reservoir facies is 
comprised of dolomudstone and subordinate calcareous dolostone, 
dolowackestone and dolograinstone.  Dolomitization has been most 
intense within reservoir bodies, and dolomudstones grade laterally into 
calcareous dolomudstones.  Dolomudstone reservoirs are irregular in 
shape, up to about 8 metres thick, and are laterally continuous over 
several kilometres. 
The association of facies indicates that the dolomudstone host was 
deposited in subtidal inter-shoal and back-shoal lagoonal environments 
along the seaward margin of the inner ramp.  Seaward and adjacent 
grainstone shoals provided a broad barrier that absorbed wave energy.  
The dolomudstone host sediment was derived from grainstone shoals 
by mechanical degradation of skeletal fragments.  In contrast, fenestral 
lime-mudstones accumulated in peritidal environments in restricted 
areas of the inner ramp.  Dolomitization is interpreted to have been 
early and selective to the dolomudstone facies because the 
dolomudstone host was reactive and/or retained permeability during 
early burial.  Grainstones and lime-mudstones were cemented or their 
porosity was destroyed by compaction.  Dolomitizing fluids were most 
likely derived from overlying formations and made their way down into 
the dolomudstone through spatially separated conduits. 
The Pekisko Formation was exposed and sculptured at several Late 
Carboniferous to Early Cretaceous unconformities. During these times, 
sandstones and shales were deposited in dissolution cavities developed 
within the dolomudstones.  Leaching of calcite from the dolomudstones 
increased porosity of the dolomudstone reservoir facies.  Porosity 
development within the dolomudstones is thus a complex function of 
host sediment facies distribution, composition, dolomitization, and 
speleogenesis. 
 
PROVENANCING LIMESTONE MEGACLASTS FROM 
PALAEOZOIC MELANGE, N. WALES, UK  

HORÁK, J.M., National Museum of Wales, Cardiff, CF10 3NP, 
Wales, UK, jana.horak@nmgw.ac.uk, EVANS, J.A., NERC, 
Isotope Geosciences Laboratory, Keyworth, Nottingham, NG12 
5GG, UK, and ZALASIEWICZ, J., Department of Geology, 
University Road, Leicester LE1 7RH, UK 

The Gwna Group is a tectono-stratigraphic unit of regional extent, a 
chaotic melange sequence with a highly disrupted stratigraphy.  Clasts 
within the mélange have both oceanic and shallow water continental 
affinities.  The melange was previously considered to form part of a 
continuous conformable stratigraphy (Monian Supergroup) deposited 
by Neoproterozoic oblique subduction and arc dissection. 
It is now known that the base of the Supergroup was deposited during 
the Mid-Late Cambrian (c. 520 Ma) (Collins and Buchan, 2004) with a 
minimum age for deposition of the melange constrained by overlying 

Arenig sediments.  It is also suggested that the Gwna Group forms a 
separate tectono-stratigraphic unit (Temperley, in prep), this defines the 
melange unit as a separate terrane and necessitates reconsideration of 
its provenance. 
Investigation of the origin of the Gwna Group requires consideration of 
both the age of melange formation, and the age and provenance of the 
component clasts.  Existing data includes, granite clasts dated at 614 
Ma (Horák et al, 1996) and algal limestone blocks loosely dated as 
latest Neoproterozoic to lower Cambrian in age.  Work in progress 
shows that the stromatolitic limestones can be better constrained as late 
Neoproterozoic, on the basis of Sr isotope stratigraphy data (Evans et 
al, in prep.) and Sm-Nd data indicates that the melange matrix has a 
high crustal residency age than other units in the Monian Supergroup. 
Further provenancing work will provide a means to constrain further 
the affinity of the melange, confirm its separate, potentially exotic, 
terrane status and its relationship is the peri-Gondwanan setting. 
 
A NEW LOOK AT THE MONIAN SUPERGROUP, NORTH 
WALES, U.K.  

HORÁK, J.M., National Museum of Wales, Cardiff, CF10 3NP, 
Wales, UK, jana.horaknmgw.ac.uk, EVANS, J., NERC, Isotope 
Geosciences Laboratory, Keyworth, Nottingham, NG12 5GG, 
UK, Temperley, S. and ZALASIEWICZ, J., University of 
Leicester, Department of Geology, University Road, Leicester 
LE1 7RH, UK 

The thick (>7000 m) succession of the Monian Supergroup, North 
West Wales, previously considered Neoproterozoic, is now known to 
be totally early Palaeozoic in age.  Consequently it can no longer be 
interpreted in terms of deposition during Late Precambrian oblique 
subduction and arc dissection.  Deposition of this succession is now 
bracketed as Mid-Late Cambrian (or c. 520 Ma); on the basis of detrital 
zircons in the basal unit (South Stack Group) (Collins & Buchan, 
2004); to pre-Arenig, from sediments overlying the upper unit (Gwna 
Group). 
Ongoing works shows that the Supergroup cannot be considered as one 
continuous, conformable stratigraphic unit, as a major tectonic break 
lies between the Gwna Group and the underlying New Harbour Group.  
This is reflected by a marked difference in the degree of low-grade 
metamorphism and deformation across the Gwna Group – New 
Harbour Group boundary.  Preliminary Sm-Nd isotopic data show a 
similar contrast, with the New Harbour and South Stack Groups 
revealing relatively immature Sm-Nd isotopic signatures whereas the 
Gwna Group Melange contains Neoproterozoic megaclasts in matrix 
with a more ancient provenance.  The component units of the Monian 
Supergroup show contrasting tectonometamorphic histories, requiring 
the sequence to be redefined as two separate terranes.  These must both 
have histories linked to the Peri-Gondwanan margin and the closure of 
Iapetus.  More specifically to the (i) the dissection and erosion of a 
Cambrian arc system (South Stack Group & New Harbour Group) (ii) 
the reworking of shelf deposits and oceanic rocks during Cambrian- 
pre-Arenig times. 
 
A (FLEXURAL-SHEAR) STRUCTURAL MODEL FOR 
MEGUMA LODE-GOLD DEPOSITS, NOVA SCOTIA  

HORNE, R.J., Nova Scotia Department of Natural Resources, 
P.O. Box 698, Halifax, NS, B3J 2T9 

Over 60 past producing lode gold deposits occur within the Meguma 
Group of southern Nova Scotia.  The Meguma Group consists of an 
interbedded sequence of metasandstone, metasiltstone and slate which 
was folded into kilometre-scale, box and chevron folds primarily by 
flexural shear.  Vein arrays are concentrated in the hinge zone of 
regional folds and are systematically distributed within folds, occurring 
on both limbs of chevron folds and the steep limbs of box folds. 
Vein arrays are dominated by stratabound veins, including saddle-reef, 
massive and laminated bedding-concordant veins and en echelon 
bedding-concordant arrays, all of which occur within metasiltstone and 
slate horizons.  Laminated and massive bedding-concordant veins 
frequently occupy flexural-slip horizons defined by offset markers, 
consistent with down-dip striations and slickenfibres within these 
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veins.  En echelon bedding-concordant vein arrays are geometrically 
and kinematically consistent with flexural-shear strain.  Bedding-
concordant and en echelon veins locally define the down dip extensions 
of saddle reefs.  Buckling of massive and laminated bedding-
concordant veins is restricted to fold hinges, and reflects layer-parallel 
shortening of flexural-shear veins.  Locally, laminated bedding-
concordant veins occur along the margins of saddle reefs and retain 
evidence of buckling in the hinge area.  These relationship suggest a 
sequence of flexural-slip (laminated) vein development, layer-parallel 
shortening in the hinge and saddle reef formation during progressive 
fold development.  All stratabound veins are found in close association, 
thus supporting synchronous formation, and their association with 
flexural-slip structures (movement horizons, duplexes, hinge thrust) 
supports a general flexural-shear model for vein development.  Cross 
veins (ac) are common and show mutual cross-cutting relationships 
with stratabound veins, which indicates synchronous emplacement of 
all vein types. 
The rate of flexural-shear strain increases dramatically at high limb 
dips, explaining the distribution of vein arrays on steep limbs.  
Significant flexural-shear strain recorded by offset markers across 
movement horizons and sheared bedding-concordant en echelon veins 
can be accounted for by only small changes in limb dip late in the 
development of steep limbs.  Vein formation late in the fold 
development is supported by the occurrence of saddle reefs, inclusion 
of cleaved fragments within veins, the brittle character of flexural-slip 
structures, moderate deformation of vein system and the localization of 
veins in the hinges of folds, which presumably experienced hinge 
migration during their development. 
 
THE INFLUENCE OF TRANSVERSE FAULT SYSTEMS IN 
THE CALEDONIAN-APPALACHIAN FOLD BELT  

HORNE, R.R., Geological Survey of Ireland, Beggars Bush, 
Haddington Road, Dublin 4, Ireland, Gerry.Stanley@gsi.ie 

Systems of transverse fault zones [TFZs] have been described from the 
Norwegian, Finnish, Scottish, Irish and Moroccan Caledonides and 
from the Appalachians in Canada and the US.  They are sub-parallel, 
have an average spacing of 30 km and characteristically maintain a 
right angle or high angle relationship to the regional structural strike.  
These TFZs, which can also be recognized in many other world fold 
belts, are interpreted as fundamental structures of great duration and 
influence yet have very subtle structural and topographic expression.  It 
is argued that these transverse fault zones in the Caledonian-
Appalachian fold belt are direct tectonic derivatives of the system of 
transform faults/fracture zones in the antecedent [Iapetus] ocean and its 
hinterlands.  It is suggested that these fault zones persisted as zones of 
fracturing and constantly activated permeability channels reacting to 
varying stress fields over long periods and so localising hydrothermal, 
magmatic and mineral emplacement over the entire Caledonian cycle 
until the present.  In particular they have channelled mineralized, 
metal-bearing fluids from sub-basement depths into high-level 
conduits/host lithologies in the sedimentary cover and are the primary 
control of mineralisation in the fold belt. 
 
SEPT-ILES INTRUSIVE SUITE, QUÉBEC, CANADA:  ORIGIN 
OF ACIDIC COMPONENTS  

HOUNSELL, V.L., veronique_hounsell@uqac.ca, HIGGINS, 
M.D., Université du Québec à Chicoutimi, 555 Boul. de 
l'Université, Chicoutimi, QC, G7H 2B1, mhiggins@uqac.ca, and 
VANDER AUWERA, J., Université de Liège, Sart Tilman B-20, 
Liège 4000 

The Sept-Iles intrusive suite (SISI) is one of the largest rift-related 
intrusions in the world: geophysical data indicate a funnel shape with a 
diameter of 80 km and a depth of 5.6 km.  It was formed during the 
opening of the Iapetus Ocean, 564 Ma ago.  The SISI comprises four 
units: the Sept-Iles Mafic intrusion (SIMI; which is the largest 
component), the Sept-Iles Border intrusion, the Pointe du Criard 
intrusion and the Sept-Iles Late Gabbros.  The SIMI is dominated by 
layered gabbros, but the Upper Series is mainly composed by granites 
(s.l.), which can be divided into two components: ‘pillows’ of enclave-
free monzonite and interstitial granitic material rich in mafic and felsic 

enclaves.  Some of the enclaves are clearly disaggregated mafic and 
felsic dykes, but others may be fragments of overlying consanguineous 
volcanic rocks.  The upper parts of the SIMI are cut by the extensive 
Pointe du Criard sill (PdC):  It has complex and variable margins, but 
typically is composed of a chilled margin of diabase that grades into 
leucogabbro.  Overlying this there is commonly a zone of mafic 
enclaves hosted by porphyric syenite which comprises up to 98% of the 
sill.  The whole package is up to 50 metres thick.  Geochemical data 
showed that the rocks from the PdC and the Upper series are A-type 
granitoids and, even though they present differences on the field, their 
geochemistry is very similar.  The Sr isotopic compositions of the 
acidic rocks are similar to those of the gabbros and anorthosites, 
indicating a common origin for the magmas in young lower crust or the 
upper mantle.  These values also confirm that there was no 
contamination of the magmas by country rock, which is consistent with 
the lack of xenoliths.  We propose that the felsic rocks associated with 
the intrusive suite of Sept-Iles could be produced by simple fractional 
crystallisation of the mafic magma that produced the SIMI. 
 
NITROUS OXIDE PRODUCED BY FUNGI AND BACTERIA IN 
AGRICULTURAL SOILS INCUBATED UNDER AEROBIC 
CONDITIONS  

HU, Q.1, qhu@uoguelph.ca, VAN BOCHOVE, E.2, LALANDE, 
R.2, THÉRIAULT, G.2, STEVENS, R.J.3, LAUGHLIN, R.J.3, 
JAYASUNDARA, S.1 and WAGNER-RIDDLE, C.1,  1 

Department of Land Resource Science, University of Guelph, 
Guelph, ON, N1G 2W1;  2 Soils and Crops Research and 
Development Center, Agriculture and Agri-Food Canada, Sainte-
Foy, QC;  3 Agricultural and Environmental Science Division, 
Department of Agriculture for Northern Ireland, Belfast, UK 

It is known that fungi may reduce nitrates under aerobic conditions in 
pure culture.  This study investigated soil fungal denitrification of 15N-
labelled nitrates under laboratory conditions.  A silt loam soil cultivated 
under maize and no-till was sampled, irradiated, sterilized, inoculated 
separately with bacteria (Pseudomonas sp) and fungi (Fusarium 
oxysporum MT-811), and incubated under aerobic conditions to 
determine nitrous oxide (N2O) production and consumption.  Soil redox 
potential, O2, CO2, N2O and N2 concentrations were monitored during 
incubations at initial headspace O2 concentration of 15%.  Oxygen 
consumption by Pseudomonas sp and Fusarium oxysporum resulted in 
a significant decrease in soil redox potentials.  N2O was produced by 
bacteria and fungi, accumulating in the headspace at oxygen 
concentrations > 5 and 2.5%, and soil redox potentials > 200 and 210 
mV, respectively.  The decrease of N2O accumulation and increase of 
N2 production detected by 15N for both microbes indicated that nitrous 
oxide reductase was induced by low oxygen concentration (5% or 
2.5%) and soil redox potential below 200 or 210 mV.  The critical 
value of redox potential for N2O production was between 200 and 300 
mV for both bacteria and fungi.  The assessment of DNA probes 
showed that Pseudomonas sp or Fusarium oxysporum was the only 
microrganism present at the end of each incubation.  Denitrification 
was the mechanism responsible for N2O production by bacteria, as 
inferred from similar atom % of produced N2O as added in the K15NO3 
substrate at the start of incubation.  Co-denitrifcation was likely the 
mechanism for N2O and N2 production by fungi. 
 
SOIL COVER CHANGE IN CANADA, 1981 – 2001  

HUFFMAN, E.1, huffmant@agr.gc.ca, COOTE, D.2, YANG, J.1 
and CHEN, F.3,  1 Agriculture and Agri-Food Canada, 960 Carling 
Ave., Ottawa, ON, K1A 0C6;  2 Agricultural Watersheds 
Associates, 37 Pretty St., Stittsville, ON, K2S 1N5;  3 University 
of Ottawa, 550 Cumberland Ave., Ottawa, ON, K1N 6N5 

In agro-ecosystems, bare soil is more susceptible to soil degradation 
processes such as wind and water erosion, loss of organic matter, 
breakdown of soil structure and loss of fertility.  In addition, bare soil is 
more prone to loss of moisture, has a lower level of carbon 
sequestration and is of lower quality as wildlife habitat.  A variety of 
factors, including the type of crop, the amount of vegetative growth and 
the tillage practices employed influence the amount of soil that is 
exposed over the course of an annual production cycle. 
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Under Agriculture and Agri-Food Canada's `National 
AgriEnvironmental Health Analysis and Reporting Program 
(NAHARP), we have developed an indicator of soil cover that 
estimates the annual number of "soil-cover-days" associated with each 
crop and tillage system (conventional, conservation, no-till) in Canada.  
The input data for the calculation of soil-cover-days was acquired from 
field studies, weather and climatic records, crop yield records, 
published residue degradation rates and regional agronomists expert 
opinions, and is specific at the ecoregion spatial level.  The soil cover 
estimates were applied against Census of Agriculture data for crop and 
tillage distributions at the Soil Landscapes of Canada (SLC) level of 
spatial detail.  Regional, provincial and national values were calculated 
for the Census years 1981, 1986, 1991, 1996 and 2001. 
The adoption of reduced tillage (including no-till) and summerfallow 
frequency since about the mid-1980's has increased the level of soil 
cover under annual cropping schemes across the country.  However, at 
the same time intensification of cropping (converting perennial 
cropland to annual cropland) and shifting to a greater proportion of 
crops with inherently lower levels of residue, such as canola, soybeans 
and potatoes, has had a negative influence on the improvement in soil 
cover. 
This paper outlines in detail the sources of data and the method of 
calculation of the indicator, and presents results for Canada for the 
1981 - 2001 period.  Regional differences are highlighted and positive 
and negative factors are identified. 
 
THE USE OF REMOTE SENSING IN CANADA’S 
AGRICULTURAL GREENHOUSE GAS ACCOUNTING 
SYSTEM  

HUFFMAN, T.1, MCCONKEY, B.G.2, MARTIN, T.C.1, 
DANESHFAR, B.1 and FISETTE, T.1,  1 Agriculture and Agri-
Food Canada (AAFC), 960 Carling Ave., Ottawa, ON, K1A 0C6;  
2 AAFC, Box 1030, Swift Current, SK, S9H 3X2 

The National Soil Carbon and Greenhouse Gas Emissions Accounting 
and Verification System for Agriculture (NCGAVS) is a scientific, 
transparent, and verifiable accounting system for reporting soil carbon 
stocks, carbon stock changes, and nitrous oxide emissions for Canadian 
agricultural land.  It is designed to meet international commitments 
under the Kyoto Protocol and to support sustainable agriculture.  
Greenhouse gas accounting requires land cover, land use and land use 
change data with documented accuracy.  Accurate accounting of 
cropland management, including changes between annual crops and 
long term forages, is of particular importance.  The Census of 
Agriculture and other agricultural surveys are good data sources, but 
accuracies are unknown.  Twenty-four “stack sites”, spatially and 
statistically stratified to represent characteristic agricultural landscapes, 
have been identified for use in data validation.  Each site is composed 
of a single LandSAT image scene, for which we have acquired multi-
season images for all years since 1990.  Our classification work 
identifies agricultural land cover classes with greater than 90% 
accuracy, and through comparison within pre-defined spatial units, 
permits estimation of the accuracy of the census data.  This 
presentation introduces NCGAVS, identifies the role of remote sensing 
and describes the stack site selection process, analysis methods and 
results. 
 
MINERALOGICAL AND GEOCHEMICAL VARIATIONS OF 
THE VOISEY’S BAY OVOID AND EASTERN DEEPS 
DEPOSITS, LABRADOR 

HUMINICKI, M.A.E., g26mah@mun.ca, SYLVESTER, P.J., 
WILTON, D.H.C., Memorial University of Newfoundland, St. 
John's, NL, A1B 3X5, and EVANS-LAMSWOOD, D., Voisey's 
Bay Nickel Company Limited, Suite 700, 10 Fort William Place, 
St. John's, NL, A1C 1K4 

The Ovoid and Eastern Deeps deposits are hosted by troctolites and 
olivine gabbros of the 1.34 Ga Voisey’s Bay Intrusion.  First order 
geochemical variations within the deposits were evaluated using atomic 
ratio diagrams to determine mass transfer processes during sulfide 
crystallization.  Determining the compositional distribution of the ores 

is important both in terms of 1) classifying the ores in order to improve 
recoveries, and 2) ore genesis. 
The Ovoid and Eastern Deeps deposits are spatially separated and vary 
slightly in their sulfide mineralogy; Ovoid has a predominantly 
pyrrhotite-troilite-pentlandite-chalcopyrite-cubanite assemblage and the 
Eastern Deeps has a predominantly pyrrhotite-pentlandite-chalcopyrite 
assemblage.  The reason for the presence of troilite and cubanite and 
the coarse nature of the pentlandite in the Ovoid compared to the 
Eastern Deeps has previously been attributed to a higher metal/sulfur 
ratio of the sulfide melt (i.e., lower fO2), which may be due to the 
incorporation of graphite-bearing Tasuik Gneiss in the vicinity of the 
Ovoid, whereby pentlandite will exsolve from MSS at higher 
temperatures. 
This study contributes geochemical evidence for variations between the 
Ovoid and Eastern Deeps deposits, which are likely due to the 
crystallization of the sulfides separately under slightly different 
conditions (as noted above) using a series of atomic ratio diagrams that 
evaluate metal/sulfur ratios for bulk geochemical data.  Results indicate 
that there are two metal/sulfur ratio trends for each deposit; one trend 
occurs at <0.8 at. S (disseminated samples) and the other trend occurs 
at >0.8 at. S (massive samples).  Both trends have decreasing 
metal/sulfur ratio with increasing sulfide content.  Disseminated 
samples have overall higher average metal/sulfur ratios than massive 
samples in both Ovoid and Eastern Deeps deposits.  Massive samples 
from the Ovoid deposit have higher average bulk metal/sulfur ratios 
than massive samples from the Eastern Deeps deposit.  These bulk 
chemical variations are also reflected by the metal/sulfur ratios in 
sulfide minerals.  These differences in metal/sulfur ratios, which are 
also reflected in the different sulfide mineral assemblages, can be 
evaluated in terms of sulfide fractionation processes which effected the 
formation of each deposit.  Although each of the deposits differ slightly 
in their sulfide compositions, their geochemical patterns can be 
explained in terms of a single immiscible sulfide melt for each deposit 
that are dominated by pyrrhotite and pentlandite (monosulfide solid 
solution) crystallization. 
 
CHARACTERIZATION OF THE VOISEY’S BAY DEPOSITS – 
INTEGRATED XRF, PETROGRAPHIC, ELECTRON 
MICROPROBE, AND LASER ABLATION ICP-MS STUDIES  

HUMINICKI, M.A.E., WILTON, D.H.C., SHAFFER, M., 
TUBRETT, M.N., SYLVESTER, P.J., Department of Earth 
Sciences, Memorial University of Newfoundland, St. John’s, NL, 
A1B 3X5, dwilton@esd.mun.ca, EVANS-LAMSWOOD, D., 
WHEELER, R., Voisey’s Bay Nickel Company Ltd., 10 Fort 
William Place, St. John’s NL, A1C 1K4, and COX, R.A., 
Departement des sciences appliqués, Géologie, Université du 
Québec à Chicoutimi, 555 Blvd. de l’ Université, Chicoutimi, 
QC, G7H 2B1 

The object of this project is to provide textural, mineralogical and 
geochemical data for use in the characterization of the Voisey’s Bay 
Ni-Cu-Co sulfide deposits.  Analytical techniques used include: 1) 
petrography to classify mineralogy and textures, 2) whole-rock 
geochemistry via X-ray fluorescence, and 3) mineral chemistry via a) 
electron microprobe and b) laser ablation microprobe ICP-MS for 
detailed trace element determinations.  This detailed textural, 
mineralogical, and geochemical classification will then be integrated 
with the >60, 000 samples from Voisey’s Bay Nickel Company 
Limited’s mine exploration borehole sample (MEBS) database using 
the geochemistry to predictively model the deposit mineralogy and 
potentially textures. 
Initial work was completed on the Ovoid in which six textural 
variations were documented in the massive sulfide ores.  These 
varieties include: MASU 1: well-developed loops of pentlandite-
chalcopyrite in massive Po; MASU 1A: weak foliation defined by 
flattened loops; MASU 1B: weak foliation defined by aligned 
magnetite and (or) flattened loops; MASU 2: amalgamated pentlandite 
and chalcopyrite with poorly developed loops; MASU 3: magnetite-
enriched (>25%) with very coarse-grained, subhedral magnetite; 
MASU 4: chalcopyrite and cubanite enriched; MASU 5: pentlandite-
enriched (15+%); MASU 6: predominantly massive pyrrhotite with 
only very minor magnetite, pentlandite, chalcopyrite, or cubanite. 
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Subtle groupings are apparent in the whole-rock geochemical data 
based predominantly on Cu and/or Ni contents, which correspond to 
observed Ni- and Cu-bearing mineralogy.  Based on petrographic 
observations, the sulfide mineralogy consists of pyrrhotite, troilite, 
pentlandite, chalcopyrite, and cubanite.  Quantitative modal sulfide 
mineralogy can then be calculated using whole-rock data, the known 
mineral assemblage, and analyzed mineral compositions.  Trace-
element mineral chemistry will then be used in an attempt to further 
distinguish between and quantify the amount of each Cu-Fe-S bearing 
mineral chalcopyrite and cubanite and each Ni-Fe-S bearing mineral 
pyrrhotite, troilite, and pentlandite, since the trace element mineralogy 
is unique to each phase.  The elements S, Ga, Zn, Ge, As, Se, Mo, Ag, 
Cd, Sn, Sb, Te, Au, Hg, Pb, and, Bi were measured for these sulfide 
phases – 1) pyrrhotite contains trace quantities of Se, Mo, Ag, Sn, Pb, 
whereas pentlandite also contains Te and Hg but no Pb, and 2) 
chalcopyrite contains Zn, Se, Ag, Cd, Sn, Te, Hg, Pb, and Bi with 
cubanite containing elevated levels of these elements.  Abundances of 
each mineral can then be determined using correlations between 
characterisitic element ratios and the abundance of the respective 
mineral. 
 
HORNBLENDE BAROMETRY AND P-T-t STUDIES OF THE 
LATE CALEDONIAN EMPLACEMENT EVENTS (FROM ~410 
TO 380MA) IN THE GALWAY GRANITE BATHOLITH, 
CONNEMARA, IRELAND  

HUNT, J., jon.hunt@nuigalway.ie, FEELY, M., Department of 
Earth and Ocean Sciences, National University of Ireland, 
Galway, Ireland, YATES, M., Department of Earth Sciences, 
University of Maine, Bryand Global Sciences Center, Orono, 
Maine 04469-5790, USA, and LEAKE, B.E., School of Earth, 
Ocean and Planetary Sciences, Cardiff University, Main Building, 
Park Place, Cardiff CF10 3YE, Wales 

Well established intergranite field and temporal relationships provide 
an ideal opportunity to use, and test the efficacy of amphibole 
geothermobarometry in the investigation of P-T-t relationships during 
the emplacement and crystallization of the Caledonian Galway 
batholith. 
The batholith's country rocks are the 474.5-462.5 Ma Metagabbro-
Gneiss Suite to the north, and the Lower Ordovician greenschist facies 
rocks to the south.  It occupies a key location in the Caledonides of 
Ireland and the British Isles.  Its 80 km long, WNW - trending axis lies 
astride and stitches the EW-trending Skerd Rocks Fault, which is part 
of the orogen parallel Southern Uplands Fault system. 
Major syn-emplacement NNE and NW -trending faults define the 
boundaries between a western, central and eastern block in the 
batholith.  The western and eastern blocks expose granodiorite through 
granite to alkali granite varieties.  In contrast, coeval diorite and granite 
magmas with pure flattening fabrics intruded by a later suite of 
unfoliated granites characterize the upthrown deeper level central 
block.  Preliminary geobarometric studies (based on two samples) 
indicate that crystallization of zoned hornblendes in the western block 
began at 2.6 ± 1.2 kb and ended at <1.5 ± 1.0 kb.  Whereas unzoned 
hornblendes crystallized at 4.3 ± 0.7 kb in the more deeply exposed 
central block. 
U-Pb zircon geochronology indicates that emplacement of an early 
suite occurred over at least 8 Ma (~394-402Ma) and belongs to the Late 
Emsian stage.  Zircon from one non foliated granite yielded a U-Pb age 
of 380 ± 6 Ma and a single concordant monazite yielded 383.6 Ma 
indicating emplacement at the Givetian-Frasnian boundary and a gap of 
~20 Ma between intrusion of the two granite suites in the central block.  
In the higher-level western block Re/Os ages for magmatic 
molybdenite in two granites yield an age of ~410 Ma.  Thus the 
emplacement history of the Galway batholith is punctuated in time by 
at least three significant emplacement events i.e. at approximately 
410Ma, 400Ma and 380Ma. 
Newly determined compositions of amphiboles, from eight new 
locations in the Galway batholith, give spatially controlled 
crystallization pressures that range from 3.16±0.6kb to 4.13±0.8kb.  
These are combined with the existing data set to show that significant 
differences in calculated crystallization pressures (and temperatures) 

exist across the batholith.  The geothermobarometry will be used, for 
the first time, in conjunction with the geochronologic data (above) to 
investigate intergranite P-T-t relationships. 
 
INVESTIGATIONS OF THE THLUICHO LAKE GROUP:  A 
STRATIGRAPHIC, STRUCTURAL AND TECTONIC 
PERSPECTIVE  

HUNTER, R.C., reba_hunter@mac.com, BETHUNE, K.M., 
University of Regina, Department of Geology, 3737 Wascana 
Parkway, Regina, SK, S4S 0A2, ASHTON, K.E. and YEO, G.M., 
Saskatchewan Industry and Resources, Northern Geological 
Survey, 2101 Scarth Street, Regina, SK, S4P 3V7 

The Thluicho Lake Group is a greenschist-facies clastic succession in 
the Zemlak Domain of the southwestern Rae Province.  It consists of a 
single, upward fining succession of conglomerate, pebbly arkose, 
arkose and argillite.  The contact between the basal conglomerate and 
the mylonitic basement, though locally strained, is elsewhere a 
‘stitched’ angular unconformity.  This indicates that the Thluicho Lake 
Group is essentially autochthonous.  Three phases of folding have 
affected the Thluicho Lake Group, including: 1) isoclinal F1 folds; 2) 
steeply inclined, northeast-trending, open to close F2 folds; and 3) 
upright, north-trending, open F3 folds.  This multiple folding was 
followed by brittle faulting.  Major fault sets include: 1) dextral, 
northeast-striking faults, 2) south-southeast-striking faults with dip-slip, 
sinistral displacement, and 3) east-striking extensional fractures and 
normal faults.  Interference between F1 and F2 folds resulted in a 
superposed folding pattern intermediate between type II and type III 
end members, though closer to type II overall.  The regional fold 
pattern is further complicated by the various orientations of brittle 
faults.  Investigation of the Ellis Bay Formation has shown that it 
represents strongly brecciated Thluicho Lake and Martin group strata 
rather than a discrete stratigraphic unit.  The deposition of the Thluicho 
Lake Group, together with the first two phases of folding, is 
constrained between 1.90 Ga, an upper amphibolite-facies metamorphic 
event that pre-dated deposition of the Thluicho Lake Group, and 1.82 
Ga, which represents the age of diabase dyke intrusion and deposition 
of the Martin Group.  The deposition of the Martin Group pre-dated F3 
folds, suggesting that F3 folding likely resulted from east-west 
shortening related to the Slave Province Indenter and the terminal 
collision of the Trans-Hudson Orogen. 
 
APPLIED SURFICIAL MAPPING IN MOUNTAINOUS 
TERRAIN:  COASTAL BRITISH COLUMBIA  

HUNTLEY, D.H., Terrain Sciences Division, Geological Survey 
of Canada, 3303-33rd St. NW, Calgary, AB, T2S 2A7 

The complex tectonic and glacial histories of coastal British Columbia 
present unique challenges for surficial geology mapping.  Earth 
scientists must contend with dramatic changes in relief and a vegetation 
cover that can be restricted to specific deposits types, or may obscure 
subtle landforms.  An effective approach to mapping in this coastal 
mountainous terrain involves the delineation of surficial geology 
polygons using stereo air photo interpretation, which can be combined 
with other maps (e.g., bedrock and forest cover) and satellite imagery 
when available.  Surficial units on pre-typed air photos and provisional 
terrain maps are then verified during fieldwork.  This involves detailed 
descriptions of soil types, surficial textures, material types, surface 
expression (i.e., landforms), geomorphic processes (active and 
inactive), as well as onsite information about drainage, slope, aspect 
and material stability.  By combining provisional air photo 
interpretations with field studies and background research, revised 
maps have a broad range of applications, including: aggregate 
inventories, drift exploration potential, geomorphic history, slope 
stability, soil classification, and terrestrial ecosystem mapping.  The 
talk will highlight results of recent surficial mapping in northern 
Vancouver Island and application of this methodology in other regions 
with mountainous terrain. 
 
ESTIMATES OF DIRECT NITROUS OXIDE EMISSIONS 
FROM AGROECOSYSTEMS IN CANADA  

91 



HUTCHINSON, J.J., GRANT, B.B., SMITH, W.N., 
DESJARDINS, R.L., VERGÉ, X. and WORTH, D., Agriculture 
and Agri-Food Canada, 960 Carling Avenue, K.W. Neatby 
Building, Ottawa, ON, Cnada, K1A 0C6, hutchinsonjj@agr.gc.ca 

Nitrous oxide emissions, which accounted for about 80% of on-farm 
greenhouse gas (GHG) emissions in Canada in 2001, were recently 
calculated for the last five census years using a methodology developed 
by the International Panel for Climate Change (IPCC) and using the 
process-based model, DNDC.  Both methodologies, which have been 
adjusted for conditions in Canada, will be described.  Based on the 
IPCC methodology, direct emissions of N2O, which account for about 
eighty percent of N2O emissions from agroecosystems, increased from 
21.7 to 24.4 Tg CO2–equivalents between 1981 and 2001.  While the 
DNDC model, predicted annual emissions varying between 25.6 and 
20.1 Tg CO2-equivalent over the same periods.  Errors based on Monte 
Carlo analysis, for the two types of estimates, will be compared for 
1991 and 2001.  The Crystal Ball 2000® version 7.0 statistical analysis 
software was used to perform the Monte Carlo analyses for the IPCC –
based calculations while a built in Monte Carlo simulation based on the 
Most Sensitive Factor Method was used for the DNDC error 
calculations.  Sensitivity analyses were carried out to determine the 
relative contribution of various factors to the uncertainties. 
 
ARCHEAN PLATE TECTONICS – SIMILARITIES AND 
DIFFERENCES  

HYNES, A., Dept. of Earth and Planetary Sciences, McGill 
University, 3450 University St., Montreal, QC, H3A 2A7, 
andrew.hynes@mcgill.ca, and SKULSKI, T., Geological Survey 
of Canada, 601 Booth St, Ottawa, ON, K1A 0E8 

The Archean mantle was probably warmer than the modern one.  
Continental plates underlain by such a warmer mantle would have 
experienced less subsidence than modern ones following extension, 
because extension would have led to widespread melting of the 
underlying mantle and the generation of large volumes of mafic rock.  
A 200-degree increase in mantle temperature leads to the production of 
more than 12 km of melt beneath a continental plate extended by a 
factor of 2, and the resulting thinned plate rides with its upper surface 
little below sea level.  The thick, submarine, mafic-to-ultramafic 
volcanic successions on continental crust that characterize many 
Archean regions could therefore have resulted from extension of 
continental plates above warm mantle. 
Long-term subsidence of passive margins is driven by thermal 
relaxation of the stretched continental plate (cf. McKenzie).  With a 
warmer mantle, the relaxation is smaller.  For a continental plate 
stretched by a factor of 2, underlain by a 200-degree warmer mantle 
than at present, the cooling-driven subsidence drops from 2.5 km to 1.5 
km.  The combined initial and thermal subsidence declines by more 
than 40%, and by even more than this if, as is likely, there is 
proportionately greater stretching in the mantle than in the crust.  The 
greatly reduced subsidence results in a concomitant decline in 
accommodation space for passive-margin sediments, and may explain 
the scarcity of passive-margin sequences in the Archean record. 
The thinner Archean oceanic lithosphere results in ridge-push and slab-
pull forces roughly half as large as those on modern Earth.  These 
reductions in plate-driving forces are, however, more than counter-
balanced by the reduction in resistance to plate motions due to the 
lower viscosity of the asthenosphere.  In consequence, plate motions 
were probably generally faster than they are today.  This may explain 
the scarcity of accretionary prisms in the Archean record, since high 
convergence rates favour subduction erosion over subduction accretion. 
The formation of diamonds in the Archean requires geotherms similar 
to modern ones, which in turn probably reflect the presence of cool 
mantle roots beneath the continents.  Stretching of continents underlain 
by cool mantle roots would yield passive margins similar to modern 
ones.  Thus, development of significant passive margins may have 
occurred only through rifting of continents underlain by cool mantle 
roots.  Furthermore, the widespread subcontinental melting associated 
with rifting of continents devoid of roots may have been a significant 
contributor to development of the roots themselves. 
 

EFFECT OF DIET MANIPULATION ON TOTAL AND 
DIFFERENT FORMS OF P IN PIG MANURE  

IGE, D.V., AKINREMI, O.O., Department of Soil Science, 
University of Manitoba, Winnipeg, MB, R3T 2N2, Canada, 
ige@cc.Umanitoba.CA, NYACHOTI, C.M. and GUENTER, W., 
Department of Animal Science, University of Manitoba, 
Winnipeg, MB, R3T 2N2, Canada 

Livestock diet manipulations have been reported to reduce the total P 
concentration in manure.  However information on the influence these 
diet manipulations on manure P fractions are limited.  This study was, 
therefore, conducted to investigate the effect of diet manipulation 
through feed micronization and enzyme supplementation on P 
composition in pig manure.  Eight growing pigs were fed with for diets 
namely (1) barley-raw pea; (2) barley-micronized pea; (3) barley-raw 
pea with enzyme; and (4) barley-micronized pea with enzyme in a 4 × 
4 Latin square design.  The fecal material and urine were collected and 
analyzed for total P.  Fecal material was fractionated to determine the 
organic and inorganic P in H2O-, NaHCO3-, NaOH- and HCl- 
extractable fractions.  Data obtained were statistically analyzed to 
evaluate the effect of diet manipulation on total and different P 
fractions in manure.  This will be presented and discussed. 
 
VOLCANIC SEQUENCE, CHEMOSTRATIGRAPHY AND 
ALTERATION AT THE STORLIDEN ZN-CU DEPOSIT, 
SKELLEFTE DISTRICT, NORTHERN SWEDEN  

IMAÑA, M., Luleå University of Technology, SE-971 87 Luleå, 
Sweden, marcello.imana@ltu.se, BARRETT, T.J., Ore Systems 
Consulting, Markdale, ON, N0C 1H0, and ALLEN, R.L., 
Volcanic Resources Limited, Strömforsvägen 87, 936 91, 
Boliden, Sweden 

The Storliden deposit is a producing underground mine in the 
northwestern part of the Skellefte district.  Prior to mining, it contained 
1.8 Mt of high grade Zn-Cu ore (10.3 % Zn, 3.5 % Cu).  It occurs 
within a thick, relatively undeformed, tholeiitic, mainly volcaniclastic 
succession containing local flows and sills.  The stratigraphically lower 
part comprises intermediate to mafic tuffaceous sandstones and 
breccias, with lesser pillow lavas and fire fountain deposits.  The upper 
part, which hosts the orebody, is a bimodal succession of andesitic 
feldspathic turbidites intercalated with resedimented rhyolitic 
pyroclastic rocks, both intruded by shallow-level porphyritic 
synvolcanic sills.  Immobile-element-based lithogeochemical methods 
have been used to identify and correlate primary rock types in altered 
areas, and to calculate the mass changes during alteration. 
Chemical alteration effects, mainly strong Na depletion with significant 
additions of Mg, Si and Fe towards the orebody, extend asymmetrically 
at least 100 metres laterally to and above the orebody, and 10-15 metres 
below it.  The massive and semi-massive sulphide lenses generally are 
surrounded by a proximal quartz-bearing envelope that crosscuts the 
stratigraphy.  The amount of Mg added varies from 40 wt.% near the 
thickest part of the orebody to <5 wt.% in the distal areas, and 
correlates with a decrease in thickness of the alteration zone towards 
the distal areas.  The added Mg is now in the form of spinel-
anthophyllite-humite, cordierite-anthophyllite, and cordierite-
phlogopite assemblages in the central part of the alteration system, and 
chlorite ± sericite in the distal parts. 
Early diagenetic calcic assemblages (carbonates and calc-silicates) are 
usually unmineralized and follow the originally more porous beds.  
However, where intersected by mineralizing fluids, these calcic 
assemblages have provided a chemical trap for sulphides, resulting in 
coarse-grained assemblages of calc-silicates (skarn) with sulphides. 
About 95 % of the host rock sequence (including rhyolites) has a 
tholeiitic magmatic affinity, with Zr/Y < 4.0 and flat REE patterns 
(Lan/Ybn < 3.5 ).  The geochemical data, along with the characteristics 
of the volcanic facies, place the Storliden deposit in a bimodal, 
tholeiitic, intra-oceanic arc setting.  This represents the first occurrence 
of massive sulphide mineralization in a tholeiitic setting within the 
Skellefte District, and therefore opens up this type of terrain for further 
exploration. 
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ANATECTIC METAPELITES FROM CONTRASTING 
STRUCTURAL LEVELS (MANICOUAGAN AREA, EASTERN 
GRENVILLE PROVINCE)  

INDARES, A., DUNNING, G., JORDAN, S. and 
STROWBRIDGE, S., aindares@mun.ca, Earth Sciences, 
Memorial University, St John's, NL, A1B 3X5, Canada 

In the Manicouagan area, anatectic metapelites occur in three 
contrasting settings: the Manicouagan Imbricate Zone (MIZ), that was 
under high-P granulite/eclogite conditions at 1050-1040 Ma, 
(culmination of the Grenvillian orogeny) and subsequently extruded by 
ductile flow over a Parautochthonous crustal ramp (Gagnon terrane; 
GT); the GT, at the footwall of MIZ; and the Gabriel High Strain Zone 
(GHSZ) that separates MIZ from the hinterland and represents the 
hanging-wall.  All the anatectic metapelites experienced dehydration 
melting of white-mica followed by biotite, but particular textures and 
inferred reactions depend upon the setting and the bulk rock 
composition. 
Metapelites from MIZ contain Qtz-Ksp-±Pl-Grt-Ky-(Bt) and display 
granitic pods and networks (leucosome) separating quartz-rich domains 
(residue).  Textures are consistent with the biotite-out reaction 
Bt+Qtz+Ky±Pl=Grt+Ksp+L(R1).  Local Bt-Pl-Qtz aggregates after 
garnet are attributed to melt crystallization-reactions.  Recorded P-T 
evolution lies in the field of R1 with maximum T at 1500-1700 MPa 
and 800-850°C followed by cooling and decompression down to ~1000 
MPa–750°C.  Monazite ages (1040-1033 Ma) are a few M.y. younger 
that metamorphic zircon ages for the MIZ.  Preservation of garnet 
growth zoning and strong decompression at high-P indicate limited 
residence under high-T conditions and extrusion over a ramp at depth, 
respectively. 
In the GHSZ leucosome is mostly segregated in thin granitic layers.  
Residual rocks consist of Qtz-Ksp±Pl-Grt±Crd-Sil-(Bt).  Textures and 
AFM topologies suggest the biotite-out reactions: Bt+Qtz+Sil±Pl=Grt 
(or Crd)+Ksp+L followed by Bt+Sil+Qtz±Pl=Crd+Grt+L in relevant 
rocks.  Local development of Bt-Sil-Qtz aggregates after 
garnet/cordierite is attributed to cooling.  The inferred P-T path lies 
below the Ky-Sil transition and has a moderate-P gradient hair-pin 
shape with maximum conditions at ~850°C and 800-900 MPa.  
Monazite ages (1054 Ma) fall within the range of the metamorphic 
peak ages of the MIZ.  Same ages and metamorphic temperatures as in 
the MIZ but lower pressures are consistent with advective heat transfer 
from the underlying hot MIZ, and particularly “fast” transport of MIZ 
during extrusion. 
Metapelites from the footwall of MIZ in the GT are texturally similar 
as those from MIZ, but maximum estimated pressures are lower (1200-
1400 MPa), locally retrograde muscovite is present, and decompression 
during melt crystallization was less marked.  In contrast, monazite ages 
(980-970 Ma) are ~50 My younger than in the MIZ.  Tectonic transport 
of the MIZ over the GT is consistent with younger metamorphism in 
the footwall, however the age difference is too large and rather points 
to a later reactivation of the footwall during final stages of 
convergence. 
 
SALT TECTONICS AT PASSIVE CONTINENTAL MARGINS: 
RESULTS FROM MARGIN-SCALE NUMERICAL MODELS 
AND A CASE STUDY APPLICATION FROM THE 
NORTHEAST NOVA SCOTIA MARGIN  

INGS, S.J., Department of Earth Sciences, Dalhousie University, 
Halifax, NS, B3H 4J1, steven.ings@dal.ca, BEAUMONT, C., 
Department of Oceanography, Dalhousie University, Halifax, NS, 
B3H 4J1, SHIMELD, J., Geological Survey of Canada (Atlantic), 
Dartmouth, NS, B2Y 4A2, and GEMMER, L., School of Earth 
Sciences, The University of Leeds, Leeds, UK, LS2 9JT 

Salt tectonics at passive continental margins is investigated using a 2D 
finite element model of frictional-plastic sediments overlying a viscous 
salt layer.  We present results concerning the effects of sediment 
progradation and aggradation, water loading, and isostatic adjustment 
on these systems.  In addition, results from a Nova Scotia margin case 
study combining numerical models and seismic data will be presented. 
The effect of an overlying water column has been largely neglected in 
analogue models of salt tectonics.  Water loading has three main effects 

on submarine systems: 1) a vertical loading effect equal to the weight 
of the water column; 2) a horizontal buttressing effect caused by the 
water load pushing against the margin slope; and 3) weakening of the 
sediments by increasing the pore fluid pressure.  Collectively, these 
effects strongly modify the stability of salt-sediment systems. 
Sediment progradation results in a diachronous evolution comprising 
four main phases: 1) initiation of salt flow and the formation of mini-
basins and diapirs; 2) onset of overburden extension; 3) wholesale 
extension and rafting of the sedimentary overburden; and 4) the 
formation of a distal allochthonous salt nappe. 
If the sedimentation style switches from a progradational geometry to a 
more aggradational geometry, then extending shelfal basins become 
underfilled producing large salt diapirs beneath the shelf.  When 
sediment aggradation continues at an appropriate rate, these diapirs 
grow passively and keep pace with sedimentation until there is 
insufficient salt in adjacent structures to source the growing diapirs. 
Isostatic adjustment, owing to overburden and water loading, causes 
subsidence, thereby increasing accommodation and sediment thickness.  
The isostatic subsidence causes the salt layer to be tilted landward, and 
therefore salt is forced to flow against gravity.  This resistance 
decreases the seaward component of the flow and leads to the 
formation of more pronounced diapirs and mini-basins. 
The insights gained from the numerical models have been applied to a 
case study investigation from beneath Banquereau Bank, northeast 
Scotian margin.  In this area, a thick (up to 3.5 km) wedge of sigmoidal 
landward dipping reflectors sole out onto a regional salt weld.  Based 
on numerical model results, this regional structure is interpreted to have 
formed when a large amount of sediment was deposited in the Jurassic, 
while the seaward end of the salt was under little cover.  This allowed 
wholesale outward movement of the seaward sedimentary section, 
localized on the salt detachment, and continued until the salt layer was 
depleted. 
 
NWT DIGITAL FIELD DATA COLLECTION:  THE GOOD, 
THE BAD, AND THE UGLY  

IRWIN, D. and PIERCE, K., Northwest Territories Geoscience 
Office, P.O. Box 1320 Yellowknife, NT, X1A 2L9, 
doug_irwin@gov.nt.ca, kelly_pierce@gov.nt.ca 

As digital field data collection has become increasingly important in 
regional geological mapping, government bedrock mappers in the 
Northwest Territories have strived to organize and digitally collect field 
data.  A variety of methods, using sophisticated hardware (laptops, 
handhelds, and PDAs) and software (MS Access, Fieldlog, AutoCAD, 
ArcView, and ArcPad), have been employed over the years.  Currently, 
the Northwest Territories Geoscience Office (NTGO) utilises Pocket 
PCs (PPC) with ESRI's ArcPad.  This summer, the NTGO will be using 
PPCs for its fifth year. 
Based on experiences to date, the following are some examples that we 
have observed regarding the benefits (good), pitfalls (bad), and 
limitations (ugly) of this tool.  The good: PPCs have become 
increasingly powerful over the last 5 years, with larger memories and 
greater capacity for expandability and functionality (e.g. Remote 
Predictive Mapping).  Similarly, ArcPad software upgrades have 
resulted in more simplified data entry procedures that require minimal 
training and data entry time on the outcrop for the end-user.  The bad: 
the hardware, though fairly robust, is still fragile in a field environment.  
The ugly: one of the biggest hurdles is encouraging mappers to accept 
some change in the mapping process that the PPCs require.  Some 
mappers still depend heavily on field notes and air photographs, and 
prefer to enter field data off the outcrop.  Additional difficulties arise 
from the apprehension of the unfamiliar PPC operating environment, 
data entry procedures, and back-up requirements for first time users.  
While these problems are easily solved through experience and file 
management practices, the human element makes change easier said 
than done. 
The Tablet PC is the next logical evolutionary step in field data 
collection, but are field geologists ready?  Are the Tablet PCs ready?  
Based on our experience, not just yet, but soon, as the leap is not that 
large.  As we have discovered, it takes a couple of years of experience 
for the field leaders and their crews to become comfortable with the 
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new tool.  Currently, the net benefit of the PPC system outweighs the 
negatives - but if technological changes move too quickly in an 
organisation, the ugly and the bad might start to overtake the good.  
The next step is encouraging geologists to staff their field crews with a 
member familiar with some of the basic concepts of GIS and file 
management, much the same way that they now seek a stratigrapher or 
structural expert to complement their own geologic skills. 
 
POST-DEVONIAN THERMAL HISTORY CONSTRAINTS FOR 
THE CENTRAL MACKENZIE VALLEY, NWT, FROM MULTI-
KINETIC APATITE FISSION TRACK 
THERMOCHRONOLOGY  

ISSLER, D.R.1, dissler@nrcan.gc.ca, GRIST, A.M.2 and 
STASIUK, L.D.1,  1 Geological Survey of Canada, 3303-33rd St. 
NW, Calgary, AB, T2L 2A7;  2 Dept. of Earth Sciences, 
Dalhousie University, Halifax, NS, B3H 4J1 

Commonly, thermal modelling of apatite fission track (AFT) data has 
assumed a uniform apatite population, typically of Durango 
composition.  Under these conditions, mixed AFT age and length 
populations have posed a problem.  However, a recently published 
multi-kinetic annealing scheme (Ketcham et al., 1999), based on 
laboratory heating experiments for different apatite compositions 
(Carlson et al., 1999), has enabled mixed populations to be treated as 
multiple thermochronometers with the potential to enhance the 
resolution of thermal histories.  Multi-kinetic AFT annealing has been 
incorporated into AFTINV (Issler, 1996), an inverse Monte Carlo 
model for defining a range of statistically acceptable thermal histories 
that are consistent with measured AFT parameters.  AFTINV was used 
to model two different AFT age populations (defined using Cl content) 
in a sample from the Devonian Imperial Formation in the East MacKay 
I-77 petroleum exploration well in the central Mackenzie Valley south 
of Tulita, NWT.  The sample interval is below a major unconformity 
separating Upper Devonian strata from an Upper Cretaceous-Cenozoic 
foreland succession; the unconformity developed during pre- and post- 
Albian time and it displays a thermal maturity discontinuity (0.55 to 
0.75 %Ro).  The sample comprises a younger, less retentive 
fluorapatite population (90.4 ± 6.1 Ma) and an older, more retentive Cl-
rich population (222.2 ± 22.5 Ma) with similar short mean AFT lengths 
of 10.73 ± 2.14 and 10.41 ± 1.99 :m, respectively. 
The geologically constrained inverse model yielded time-temperature 
limits for pre-Aptian, Aptian-Albian and post-Albian heating events.  
Results suggest that maximum temperatures (124 ± 10°C) were reached 
during Early Triassic to Middle Jurassic prior to the development of 
Late Cretaceous-Cenozoic structures, probably under elevated heat 
flow.  In contrast, inferred maximum burial (based on shale 
compaction) at lower temperatures (97 ± 9°C) occurred during the 
Cenozoic under a similar geothermal gradient to the present (32-
33°C/km).  Although hydrocarbon generation from Devonian rocks 
pre-dates structural trap development near the I-77 well, these results 
cannot be extrapolated across the study region due to its complicated 
geological history.  Significant hydrocarbon generation from 
Cretaceous and Devonian source rocks may have occurred elsewhere in 
the region during the Cenozoic. 
 
PALEOMAGNETIC AND GEOCHRONOLOGICAL 
INVESTIGATIONS OF THE EARLY EDIACARAN PERIOD IN 
AUSTRALIA AND LAURENTIA  

IZARD, C.F1, catherine.izard@yale.edu, EVANS, D.A.D.1, 
RAUB, T.D.1, WINGATE, M.T.D2, CALVER, C.R.3, RAUB, 
T.M.D.1, and MCCAUSLAND, P.J.A4,  1 Dept. of Geology and 
Geophysics, Yale University, New Haven, CT  06520 USA;  2 

School of Earth Sciences, University of Western Australia, 
Crawley WA 6009 Australia;  3 Mineral Resources Tasmania, PO 
Box 56, Rosny Park, Tasmania 7018, Australia;  4 Dept. of 
Geological Sciences, University of Michigan, Ann Arbor, MI 
48109, USA 

The recently ICS-approved Ediacaran Period, defined at its base by the 
cap carbonate overlying presumably correlative Marinoan glaciogenic 
deposits worldwide, frames a number of first-order Earth-system 
puzzles, including:  severity and number of low-latitude ice ages, 

excessively "speeding" continents, and the early diversification of 
animal life.  We address these problems by constraining the Ediacaran 
global stratigraphic record in time and space, respectively employing 
the techniques of U-Pb geochronology and paleomagnetism.  We focus 
here on two specific problems. 
First, what is the age of the true "Marinoan" glaciation in the type area 
of southern Australia?  Depending on correlations, the permitted age 
range for this succession extends from 635 Ma (Namibia, South China) 
to 580 Ma (Tasmania, Newfoundland).  We have sampled two critical 
stratigraphic units for detrital zircon geochronology, each directly 
beneath a cap carbonate, in the northern Flinders Ranges and on King 
Island, Tasmania.  Our goal is to find the youngest detrital zircons to 
provide tighter constraints on depositional ages.  The Flinders Ranges 
sample has been analyzed and yields mainly Paleoproterozoic to 
Mesoproterozoic ages, and only a single Neoproterozoic analysis of 
ca.660 Ma.  Although this unfortunately sheds no further light on the 
age of the Marinoan glaciation, our data are very similar to earlier 
results from the Marino Arkose, with a substantial and somewhat 
unexpected population of 1.3-1.0 Ga zircons probably derived from the 
moderately distant Musgrave orogen.  Results from the King Island 
sample are expected in early 2005. 
Second, what are the paleolatitudes for Laurentia and Baltica at 615 
Ma, the time of synchronous intrusions by the Long Range 
(Newfoundland and Labrador) and Egersund (Norway) dyke swarms?  
These units can provide the most relevant precisely dated 
paleomagnetic poles toward the paleogeography of Laurentia and 
Baltica near the dawn of the Ediacaran interval, extending the apparent 
polar wander path of each craton back in time by at least 25 Myr.  
Earlier studies on the Long Range dykes found substantial scatter 
among only six distinct intrusions.  We are planning an intensive 
sampling trip to Newfoundland and Labrador immediately following 
this meeting, to collect specimens that will greatly increase the number 
of studied Long Range dykes and associated flows of Lighthouse Cove 
Volcanics.  Our results can be compared with published results from 
the Egersund swarm to test quantitatively whether and how Laurentia 
and Baltica were joined in Rodinia. 
 
MINERALOGY OF PERMEABLE REACTIVE BARRIERS FOR 
THE ATTENUATION OF SUBSURFACE CONTAMINANTS  

JAMBOR, J.L., Leslie Research and Consulting, Delta, BC V4M 
3L9, jljambor@aol.com, BLOWES, D.W., University of 
Waterloo, Waterloo, ON, N2L 3G1, RAUDSEPP, M., University 
of British Columbia, Vancouver, BC, and MOUNTJOY, K., 
Hemmera Envirochem Inc., Vancouver, BC 

Permeable reactive barriers (PRBs) are passive systems to remediate 
subsurface waters containing either organic or inorganic contaminants.  
Groundwater flow under a natural gradient passes through a permeable 
curtain of a treatment medium that either precipitates the contaminants 
as relatively insoluble compounds or transforms the contaminants into 
environmentally acceptable or benign species.  A variety of treatment 
media has been explored to effect the required changes, but the most 
widely adopted is zero-valent iron, a substance that is highly reactive, 
environmentally acceptable, and is readily available from the recycling 
of scrap iron and steel.  Use of organic compost wastes has also been 
employed to ameliorate inorganic contaminants, and case studies that 
utilize composts to effect sulfate reduction and metals precipitation are 
presented primarily from a mineralogical perspective.  In cores of the 
reacted treatment media, the most abundant secondary product that has 
formed in situ is Fe oxyhydroxide, but a variety of precipitates has been 
identified.  For example, secondary pyrite, greigite, and native nickel 
are present at a site at which replacement of organic material by 
sulfides is common.  At an industrial site, secondary pyrite, covellite, 
chalcopyrite, and bornite have formed in the treatment medium, and 
whereas replacement of organic material by Fe oxyhydroxides is 
widespread, replacement by sulfides is rare.  The secondary sulfides 
and metals are volumetrically small and are unlikely to impede the 
permeability of the treatment medium, but the formation of Fe 
oxyhydroxides and secondary carbonates in the presence of zero-valent 
iron requires further monitoring to determine whether the secondary 
precipitates and the consumption of iron metal will appreciably lessen 
performance over the long term.  Current indications are that PRBs are 
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both an environmentally effective and a cost-effective remediation 
technique. 
 
PALEOPROTEROZOIC CONTINENTAL GROWTH IN 
NORTHEASTERN LAURENTIA: A REVIEW OF THE 
EVIDENCE FROM WESTERN LABRADOR  

JAMES, D.T., Canada-Nunavut Geoscience Office, Iqaluit, NU, 
X0A 0H0, djames@nrcan.gc.ca, and WARDLE, R.J., Geological 
Survey of Newfoundland and Labrador, P.O. Box 8700, St. 
John's, NL, A1B 4J6 

The record from northeastern Laurentia demonstrates multiple stages of 
Paleoproterozic continental growth having fundamentally different 
characteristics.  In particular, this presentation will examine two stages 
of growth that resulted in a significant eastward and southeastward 
expansion (present day coordinates) of Paleoproterozoic Laurentia 
relative to the Superior craton.  In Stage 1, between ca. 1.86 and 1.80 
Ga, Laurentia grew primarily as the result of oblique collision and 
assembly of the Archean Superior and North Atlantic cratons.  The 
300-km wide collision zone, part of the circum-Superior system of 
Paleoproterozoic orogens, is a composite of lithotectonic domains 
having a tripartite architecture consisting of (from west to east): 1) a 
west verging fold-and-thrust belt (New Quebec Orogen) developed in 
2.17-1.86 Ga sedimentary and volcanic cover rocks, 2) a dominant 
medial hinterland, and 3) a doubly-verging, fan-shaped wedge (Torngat 
Orogen) formed primarily in juvenile (<1.95 Ga) Paleoproterozoic 
sediments.  The medial hinterland, informally known as the Core Zone, 
is itself a mosaic of crustal blocks, consisting mainly of variably 
reworked Archean crust of uncertain parentage, and having lesser 
amounts of ca. 1.84 to 1.81 Ga intrusive rocks belonging to the De Pas 
batholith. 
In marked contrast to Stage 1 growth, which is effectively 
accomplished by assembly from Archean components, Stage 2 is 
characterized by a significant addition of juvenile continental crust to 
the southeastern margin of Laurentia, forming a belt that truncates the 
circum-Superior orogen.  In detail, the new crust includes an extensive 
belt of >1.70 Ga metasedimentary rocks having psammitic and pelitic 
protoliths, ca. 1.65 Ga plutonic rocks belonging to the >400-km-long 
Trans-Labrador batholith, and 1.65-1.62 Ga mafic intrusive complexes.  
In addition, Stage 2 included formation of 1.65 Ga volcanic and related 
sedimentary rocks that were deposited unconformably along the 
southeastern margin of pre-1.65 Ga Laurentia.  Stage 2 rocks are 
overprinted by the ca. 1.7-1.6 Ga Labradorian Orogeny.  Stage 2 
growth, recognized sporadically from the Labrador coast to the 
southwestern United States, represents a major addition of new crust to 
Laurentia, although Grenvillian (1.0 Ga) deformation and 
metamorphism have conspired to obscure its significance. 
 
MULTIPLE SULFUR ISOTOPES AS A TRACER FOR 
SOURCES OF SULFUR AT THE KIDD CREEK VMS DEPOSIT, 
ONTARIO  

JAMIESON, J.W., WING, B.A., FARQUHAR, J., University of 
Maryland, College Park, MD, 20742, johnwj@geol.umd.edu, and 
HANNINGTON, M.D., University of Ottawa, 140 Louis Pasteur, 
Ottawa, ON, K1N 6N5 

Photochemical reactions under deep UV radiation produce anomalous 
isotope effects ()33S . *33S – 0.5**34S … 0) in atmospheric sulfur 
species.  These isotopic signatures provide a conservative tracer of the 
movement of sulfur species from the atmosphere to the surface 
environment and among surface reservoirs.  According to current 
models of the Archean sulfur cycle, atmospheric sulfur is transported to 
the surface as sulfate or elemental sulfur.  Experiments demonstrate 
that sulfate acquires a negative )33S signature during photolysis under 
inferred Archean UV conditions.  This negative )33S signature is 
thought to have been transferred to the oceans, the major sulfate 
reservoir in the Archean, and a negative signature is observed in 
Archean sedimentary barites.  Experiments also produce elemental 
sulfur with a positive )33S signature, and positive )33S is also observed 
in sedimentary pyrites.  Primitive, magmatic sulfur has a )33S of 0‰.  
We use these signatures to trace the sources of sulfur at the ~2.7Ga 
Kidd Creek VMS deposit in Ontario Canada. 

Detailed field and petrographic work has allowed the different ore 
types at Kidd Creek to be grouped according to their environment of 
precipitation.  Massive sulfides comprise the main ore bodies, which 
formed at or below the seawater-sediment interface.  These sulfides 
have a small negative )33S signature.  Proximal graphitic argillite 
horizons contain interbedded sulfides that are interpreted as deposits on 
the flanks of the seafloor hydrothermal vent complexes.  These sulfides 
show a wide range in isotopic composition, including both positive and 
negative )33S values. 
Negative )33S values of the massive sulfides are interpreted to indicate 
that a component of the ore sulfur was derived from Archean oceanic 
sulfate, which was transported through the hydrothermal system.  
Comparisons of )33S values of individual samples from the massive 
sulfide lenses demonstrate that most of the minerals have not attained 
isotopic equilibrium, which reveals the evolving nature of the 
hydrothermal fluids that formed the deposit.  Isotopic compositions of 
sulfides in proximal argillites are interpreted to reflect a mixture of 
different sulfur sources, including sulfate transported by hydrothermal 
fluids and elemental sulfur that likely was bacterially metabolized.  We 
will discuss the reasons for the variability in )33S values on a deposit 
scale and demonstrate that the sulfur at the Kidd Creek VMS deposit 
comes from multiple sources.  We will also discuss how the )33S of 
sulfides also provides information about the history of hydrothermal 
activity during the formation of the deposit. 
 
CONTACT METAMORPHISM OF THE HALIFAX 
FORMATION ON THE SOUTHEASTERN MARGIN OF THE 
HALIFAX PLUTON, HALIFAX, NOVA SCOTIA  

JAMIESON, R.A., TOBEY, N.W., and ERTH 3020, Department 
of Earth Sciences, Dalhousie University, Halifax, NS, B3H 3J5, 
beckyj@dal.ca 

The contact aureole developed on the southeastern margin of the 
Halifax Pluton (South Mountain Batholith) trends obliquely across the 
Halifax peninsula at a high angle to regional structural trends in the 
Halifax Formation.  Isograds have been mapped through the city of 
Halifax, based on exposures on the Dalhousie campus, Point Pleasant 
Park, the railway cut, and scattered outcrops and construction sites 
throughout the city.  In the study area, the Halifax Formation includes 
two lithological units with different contact metamorphic assemblages.  
The Cunard member is a rusty, graphitic, black slate that underlies the 
Dalhousie campus and vicinity.  The overlying Bluestone member 
(informal name) is a grey slate-siltstone unit, locally containing 
calcareous concretions, exposed in Point Pleasant Park and adjacent 
regions. Prior to intrusion, the Halifax Formation was deformed into 
NE-SW-trending, regional upright folds associated with a strong slaty 
cleavage.  Following intrusion, contact metamorphic assemblages were 
locally overprinted by structures related to flexural-slip folding.  Sparse 
cordierite "spots" mark the outer limit of the contact aureole in both the 
Cunard and Bluestone members.  The biotite-in isograd, which runs 
through the Dalhousie campus, is marked by the nucleation of biotite 
within distinctive chlorite + muscovite "stacks" that formed during 
regional metamorphism.  Between the biotite-in isograd and the 
contact, metamorphic assemblages in both units are marked by 
increasing modal abundance of cordierite and biotite.  However, there 
is a marked difference in the distribution of andalusite between the 
Cunard and Bluestone members.  In the Cunard member, idioblastic 
chiastolite appears before biotite; its grain size and modal abundance 
increase gradually towards the contact.  In the less aluminous Bluestone 
member, andalusite is present only in the immediate vicinity of the 
contact, where it forms xenoblastic ovoid aggregates, possibly after 
cordierite.  Adjacent to the contact the regional slaty cleavage is 
annealed, and the characteristic assemblage andalusite + cordierite + K-
feldspar, with rare fibrolite, is developed in both units.  Corresponding 
changes occur in opaque mineral assemblages, with rutile and pyrite in 
the outer aureole replaced by ilmenite and pyrrhotite closer to the 
contact.  Preliminary P-T estimates, including RSCM thermometry in 
graphitic slates, suggest that the biotite-in isograd developed at ca. 
475°C and 2-3 kb, with temperatures at the contact reaching ca. 600°C.  
Although the Halifax Pluton is exposed only on the west side of the 
Northwest Arm, the distribution of isograds suggests that it may extend 
at shallow depth beneath the South End of Halifax. 
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MELT-WEAKENING AND FLOW MODES IN LARGE HOT 
OROGENS:  NUMERICAL MODELS WITH APPLICATION TO 
THE WESTERN GRENVILLE OROGEN  

JAMIESON, R.A1, beckyj@dal.ca, BEAUMONT, C.2, 
NGUYEN, M.H.1, 2, CULSHAW, N.G.1 and SLAGSTAD, T.3,  1 

Department of Earth Sciences, Dalhousie University, Halifax, NS, 
B3H 3J5;  2 Department of Oceanography, Dalhousie University, 
Halifax, NS, B3H 4J1;  3 Geological Survey of Norway, Leiv 
Erikssons vei 39, 7490, Trondheim, Norway 

Thermal-mechanical models for large hot orogens that incorporate a 
viscosity reduction over the temperature range associated with incipient 
partial melting show a diachronous 3-phase evolution.  Phase 1 is 
associated with crustal thickening, phase 2 with thermal relaxation, and 
phase 3 with lateral flow of weak middle to lower crust.  A minimum 
20-25 My incubation time separates phases 1 and 3.  Lateral flow may 
be driven by a topographically-induced pressure gradient, leading to 
homogeneous channel flow, or by collision with a strong lower crustal 
indentor, leading to the creation of hot fold nappes.  An intermediate 
flow regime may arise where disrupted lower crustal nappes become 
incorporated into heterogeneous channel flow.  The Himalayan-scale 
Grenville orogen formed on the southeastern margin of Laurentia at ca. 
1200-1000 Ma.  In the Central Gneiss Belt (CGB) of Ontario, 
Laurentian rocks were reworked at synorogenic depths of 25-35 km 
during the Ottawan orogeny (ca. 1090-1040 Ma).  Deformation 
propagated from juvenile continental arc rocks in the southeast towards 
older polycyclic rocks in the northwest. Widespread migmatite and 
granulite record peak metamorphic conditions of 750-900°C at 10-12 
kb.  Based on a wide range of geological, seismic, structural, 
petrological, and geochronological data, we propose that the high-grade 
rocks of the western CGB may preserve the exhumed remnants of a hot 
nappe-channel system active at the peak of the Ottawan orogeny.  
Evidence for a low-viscosity channel comes mainly from the Muskoka 
domain, which comprises shallow-dipping, highly migmatitic 
orthogneisses that form thin, lobate sheets.  Underlying rocks of the 
Rosseau and Algonquin domains, in contrast, are sparsely migmatitic 
and contain substantial mafic to intermediate granulite.  On a crustal 
scale, the structural style of the CGB comprises moderately dipping 
reflective zones suggesting a hot nappe style of deformation.  Remnants 
of pre- and early-Ottawan nappes may be preserved in the Parry Sound 
and Shawanaga domains respectively; anorthosite and retrogressed 
eclogite bodies, common along domain boundaries, may represent 
fragmented remnants of lower crust incorporated into heterogeneous 
channel flow.  These features suggest that hot nappes played a role in 
the tectonic evolution of the CGB and adjacent regions, and that locally 
they may have been disrupted by and incorporated into a low-viscosity 
channel developed during the Ottawan orogeny.  This study shows that 
although melt-weakening almost certainly plays a significant role in 
orogenic tectonics, a range of flow modes and corresponding 
geological features is possible; not all orogens will respond in the same 
way. 
 
OFFSHORE HYDROCARBON POTENTIAL OF THE 
NORTHERN LABRADOR SHELF AND BAFFIN BAY  

JAUER, C.D., WIELENS, J.B.W. and OAKEY, G.N., Geological 
Survey of Canada (Atlantic), Bedford Institute of Oceanography, 
Dartmouth, NS, chris.jauer@nrcan.gc.ca 

A reassessment of the hydrocarbon potential of the Lady Franklin and 
northern Saglek Basins is a major component of the New Energy 
Options for Northerners program.  From the northernmost Gjoa G-37 
test south to the significant gas discovery at Snorri J-90 with 105 Bcf, 
there are eleven wells over a span of 1500 km.  Only two hold 
significant hydrocarbons; the Hekja 0-71 well has an estimated 3 Tcf, 
these known deposits are gas and condensate, further north along 
Baffin Island at Scott Inlet, oil seeps from the sea floor are 
documented.  There are at least two viable petroleum systems present 
in this geological setting whose environment should also favour gas 
hydrate formation.  A seismic review of the two discoveries will be 
given, with some additional interpretational insights. 

A major data recovery effort to access some 30,000 km of vintage 
seismic and reworked potential field data has yielded tantalizing clues 
to the nature of the petroleum systems present in terms of their 
structural evolution, thermal history, depositional environment and 
potential for new reserves. 
 
NATIONAL AGRI-ENVIRONMENTAL HEALTH ANALYSIS 
REPORTING PROGRAM:  WILDLIFE HABITAT 
AVAILABILITY ON FARMLAND INDICATOR  

JAVOREK, S.K.1, javoreks@agr.gc.ca, CALLAGHAN, C.2, 
ANTONOWITSCH, R.3, WEINS, T.3 and GRANT, M.1,  1 

Agriculture and Agri-Food Canada, Biodiversity Theme, 
Kentville, NS;  2 Agriculture and Agri-Food Canada, NAHARP, 
Ottawa, ON;  3 Agriculture and Agri-Food Canada, PFRA, 
Regina, SK 

Agricultural land makes a significant contribution to biodiversity.  The 
variety of habitats associated with agricultural land provides some or 
all of the requirements of many wildlife species across Canada.  Not all 
habitat types are equal, however, in their capacity to support wildlife.  
Wetlands, woodlots, riparian areas, and native pasture are the most 
important habitat elements for wildlife in the agricultural landscape.  
The Wildlife Habitat Capacity of Farmland Indicator provides insight 
to the trends in wildlife habitat available on agricultural land in Canada.  
The indicator, by associating land area, land use and wildlife use, 
improves our understanding of how sectoral, market and policy 
influences can affect the Availability of Wildlife Habitat on 
Agriculture. 
 
GEODYNAMIC SETTING OF KIMBERLITES  

JELSMA, H., hielke.jelsma@debeersgroup.com, SMITH, C., 
BARTON, E. and BARNETT, W., De Beers Exploration 
Division, PO Box 82232, Southdale 2135, South Africa 

Kimberlites and related rocks (in this abstract referred to as 
kimberlites) can be viewed as time capsules in relation to the global 
plate tectonic framework.  A review is made of ~700 dated occurrences 
worldwide using a variety of isotopic methods.  This forms part of the 
production of a Kimberlite Genome.  These occurrences span an 
interval of time covering the formation and break-up of the 
supercontinents Rodinia, Gondwanaland (South America, Africa, India, 
Australia and Antarctica), Laurasia (Laurentia, Baltica, Siberia) and 
ultimately Pangea.  The chronology of kimberlite emplacement events 
illustrates (i) temporal gaps of kimberlite magmatism corresponding to 
continent stability cycles, and (ii) kimberlite emplacement windows 
corresponding to the timing of fundamental plate reorganizations.  This 
implies that kimberlite emplacement events are inherently related to 
stages in the formation and break-up of supercontinents and the related 
disturbance of mantle convection patterns.  In Africa, the timing of 
kimberlite emplacement events is also closely associated with the 
internal deformation of interior continental basin and passive margin 
sediments and with abrupt changes in relative plate vector orientations.  
This suggests an intimate link between mantle geodynamics and upper 
crustal processes. 
The distribution of kimberlites, on a global scale, illustrates a tendency 
for clustering in space and time.  There is a positive correlation 
between kimberlite distributions and the underlying lithospheric 
architecture.  Occurrences within clusters are characterised by variable 
trends, depending on the age and position of the cluster.  In a cluster, 
kimberlite pipes or dykes are commonly hosted by tensile structures or 
conjugate faults that are reactivated.  However, on a regional to 
continental scale, the distribution of kimberlite clusters appears 
controlled by trans-continental and probably trans-lithospheric 
structural elements, e.g., tips or shoulders of rifts, major pre-existing 
mafic dyke swarms, and bends or step-overs of continental fracture 
zones.  The trigger for kimberlite magmatism appears, therefore, to be 
related to tectonic changes and, by implication, resultant stress changes 
induced within the continental plate.  Stress causes strain and strain is 
accommodated on discontinuities within Earth’s lithosphere.  This 
suggests that such fundamental discontinuites are not only involved in 
spatially confining magma ascent through the lithosphere, but are also 
involved in the triggering mechanism for kimberlite fluid ascent. 
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EFFECT OF VARIABLE RETENTION HARVESTING ON 
NITROGEN AVAILABILITY IN FOREST FLOOR AND 
MINERAL SOIL OF THREE TYPES OF BOREAL 
MIXEDWOOD FORESTS  

JERABKOVA, L., luciej@interchange.ubc.ca, and PRESCOTT, 
C.E., Forest Sciences, University of British Columbia, 2424 Mail 
Mall, Vancouver, BC, V6T 1Z4 

Clear-cut harvesting may cause pronounced changes in soil conditions, 
nutrient availability and nutrient losses.  Clear-cutting has repeatedly 
resulted in increased levels of nitrate and/or available N.  Soil nitrate 
concentrations are of particular concern because of nitrate’s high 
mobility and associated potential for ground and surface water 
contamination.  It has also been suggested that the higher nitrate levels 
in soil may hinder conifer regeneration on harvested sites.  Variable-
retention (VR) harvesting might eliminate some of the adverse 
environmental effects of clear-cutting, but research is needed to 
evaluate the effects of VR harvesting on nutrient cycling.  In this study 
we aim to compare the effects of clearcut and VR harvesting of boreal 
mixedwood forests on N dynamics.  Our particular objectives were to 
assess whether clear-cut harvesting increases nitrate and available N in 
boreal mixedwoods, assess whether VR harvesting has a less 
pronounced effect on nitrate and available N and assess whether the 
response to harvesting differs among forest types.  Nitrate levels were 
very low, without any significant differences among harvesting 
intensities or forests.  Harvesting also had no apparent effect on the 
concentrations of ammonium or soluble inorganic N (SIN), although 
differences existed among forest types.  There was a tendency for lower 
levels of soluble organic N (SON) in mineral soil in clearcuts of 
coniferous stands but this was not significant.  The ratio of SON/SIN 
declined with increasing harvesting intensity, especially in mineral soil.  
No differences in N mineralization and nitrification were detected 
among harvesting treatments.  Our data thus indicate that clear-cutting 
in the western boreal mixedwoods does not pose a significant threat 
with respect to increasing soil nitrate levels. 
 
RHEOLOGY OF SOLID-LIQUID SYSTEMS:  A 
PHENOMENOLOGICAL MODEL APPLICABLE OVER THE 
ENTIRE RANGE OF CONCENTRATIONS  

JI, S., GU, Q., Département des Génies Civil, Géologique et des 
Mines, École Polytechnique de Montréal, Montréal, H3C 3A7, 
sji@polymtl.ca, and XIA, B., Institute of Geochemistry, Chinese 
Academy of Sciences, Guangzhou 510640, P.R. China 

At present there is no adequate model for describing the rheology of 
two-phase systems over the entire range of composition.  For example, 
most of the theoretical and experimental efforts have been directed 
toward either suspensions with a liquid-supported structure or partially 
molten rocks with a crystal-supported structure.  We found that the 
generalized mixture rule (GMR: Ji, S., JGR, doi: 
10.1029/2004JB003124) provides good prediction for the mechanical 
properties: 
     Mc

J = ∑N
i =1( Vi Mi

J )      (1) 
where M is a physical property (e.g., viscosity, flow strength, Young’s 
modulus), V is the volume fraction of component, the subscripts i and c 
represent, respectively, the ith phase and the composite consisting of N 
phases, J is a scaling parameter that depends on the microstructure 
(shape, orientation, size distribution and 3D connectivity) and volume 
fraction of the strong phase.  For a suspension of rigid particles in 
liquid, the GMR can be expressed as 
     0c = 0w (1 - φ ⁄φm )1/J       (2) 
where 0c and 0w are the overall viscosity of the suspension and the 
viscosity of the fluid, respectively; φ is the solid volume fraction; φm is 
the maximum packing volume fraction at which the two-phase system 
is transformed from suspending fluid to solid behaviour.  Eq. (2) with J 
= -0.5 yields values in good agreement with the experimental 
rheological data of various suspensions.  For porous materials, the 
GMR can be expressed as 
     Fc = Fs(1 - ϕ )1/J             (3) 

where ϕ is the porosity; Fs and Fc are the strengths of the nonporous 
and porous materials, respectively.  The strength of polycrystalline 
materials with ϕ <26% can be well described by Eq. (3) with J = ~0.25. 
However, the porosity model significantly underestimates the influence 
of melt on flow strength of partially molten rocks.  This is because in 
contrast to pores, the melt acts as an intergranular lubricant, promoting 
grain boundary sliding and providing short circuit diffusion paths to 
sustain Coble diffusion mechanism.  Eq. (3) with J = 0.01-0.05 yields 
good predictions for the strengths of partially molten basic-ultramafic 
and granitic rocks.  Although Eq. (1) is purely mathematical, its 
connection to the existing theories and its consistence with extensive 
experiments suggests that it should have some physical validity as a 
very handy tool for a general description of the rheology of solid-liquid 
systems. 
 
PROBLEMS WITH TRANSPRESSION AND TRANSTENSION  

JIANG, D., University of Western Ontario, Dept. of Earth 
Sciences, London, ON, N6A 5B7, Canada, djiang3@uwo.ca 

Transpression (and transtension) has a dual meaning as recognized by 
many in that it refers to both boundary conditions and a type of 
deformation paths that kinematically satisfy the boundary conditions.  
As boundary conditions, both transpression (oblique convergence 
between bounding plates and/or blocks) and transtension (oblique 
divergence between plates and/or blocks) are common in nature.  
However, many problems exist with transpression and transtension as 
deformation paths.  First, the deformation kinematics in a zone 
bounded by convergent or divergent blocks depends on the dip of the 
zone and the mechanical properties of the zone rocks.  When the zone 
is vertical, the deformation path may be monoclinic; otherwise it is 
expected to be triclinic.  Second, it can be demonstrated that the two 
distinctive types of finite strain history for monoclinic transpression 
and transtension are based on mathematically unstable solutions.  As 
such they are not applicable to natural transpression or transtension 
because a slight deviation in the boundary condition from perfect 
monoclinicity leads to completely different conclusions.  Third, 
transpression thins the deforming zone progressively; it must be in 
general accompanied by zone boundaries migrating into wall rocks to 
sustain the transpressional motion.  Fourth, transpression as a 
deformation path is localized shear plus more broadly distributed pure 
shear.  The latter thins the deforming zone and sustains the localized 
nature of shear deformation.  To the contrary, transtension as a 
deformation path thickens the zone and destructs the localized nature of 
shear much in the same way as wrinkles on a membrane are smoothed 
out when the membrane is stretched.  This may be a mechanical reason 
why transtension as a deformation path has not been found in nature.  
In response to oblique divergence, the lithosphere may choose to 
develop one set or a conjugate pair of low-angle, normal-fault-like 
localized shear zones plus strike-slip zones.  Fifth, the deformation 
kinematics above the brittle-ductile transition are related to folding, 
fracturing, and associated rotation and straining of blocks, unlike the 
deformation in the ductile domain.  The vertical variation in strain and 
kinematics across the brittle-ductile transition zone must also be 
considered. 
 
AGRICULTURAL PRACTICES INFLUENCE SOIL 
AGGREGATION AND NITROGEN AND PHOSPHORUS LOSS 
IN SOILS  

JIAO, Y., WHALEN, J.K. and HENDERSHOT, W.H., McGill 
University, 21 111 Lakeshore Road, Ste-Anne-de-Bellevue, QC, 
H9X 3V9, you.jiao@mail.mcgill.ca 

Agricultural soils are known to be an important non-point source of N 
and P in waterways.  The enhancement of soil aggregation may reduce 
N and P loss through soil surface erosion and subsurface flow.  The 
objective of this study was to determine how agricultural practices 
influence soil N and P losses.  Our first experiment investigated the 
effect of tillage, crops and fertilizer sources on size distribution of 
water-stable aggregates (WSA) and nutrient concentrations in different 
size aggregates.  Soil samples were collected from field site involving 
sixteen factorial combinations of tillage [conventional tillage (CT) or 
no-till (NT)], crop rotations [continuous corn (CC) or soybean/corn 
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(SC)] and fertilizer sources (0, 15, 30 and 45 Mg ha-1 of composted 
cattle manure balanced with inorganic fertilizers).  Four years after the 
treatments were established, the proportion of WSA >2mm was greater in 
the NT system.  Applications of composted cattle manure exceeding 30 
Mg ha-1y-1 produced more WSA >2mm than inorganic fertilizers.  The CT 
plots receiving manure had a higher total C concentration in WSA >2mm 
than NT plots, indicating that the formation of WSA >2mm in CT needs 
more soil organic matter than in NT.  Total N and P concentrations 
were at least 3 times higher in WSA 0.25-0.053mm than that in WSA >0.25mm, 
suggesting that soil erosion and surface runoff, which preferentially 
remove WSA 0.25-0.053mm, could be quite important for transporting N 
and P from agricultural land to adjacent ecosystems, such as 
waterways.  The second experiment investigates the difference in P 
desorption among aggregate-size fractions, to determine if agricultural 
practices affect P desorption through their impact on soil aggregation.  
Four field treatments of crops (soybean and corn) by fertilizers (organic 
and inorganic P source) under CT were chosen for this study.  Soil 
samples were collected in October 2004 after harvest and fractionated 
by a dry-sieving method into 4-2 mm, 2-1 mm, 1-0.25 mm, and 0.25-
0.053mm fractions.  Then, 10-g of each aggregate fraction or whole 
soil (< 2-mm mesh) was placed in a 20-ml leaching column and P 
desorption during a 10-d period was measured.  We will present the 
kinetic pattern of P desorption from aggregates and discuss the effects 
of agricultural practices on aggregation and nutrient losses from soils. 
 
DO PRESSURIZED AT-GRADE ON-SITE SEWAGE SYSTEMS 
PROVIDE QUALITY TREATMENT?  

JUMA, N.G., noorallah.juma@ualberta.ca, and BITTERLICH, I., 
Department of Renewable Resources, University of Alberta, 
Edmonton, AB, TG6 2E3 

The need to provide cost effective onsite wastewater treatment that 
protects the environment is an ongoing challenge in Canada.  At-grade 
systems are on-site private sewage systems for accomplishing the final 
treatment of sewage effluent.  A field survey of at-grade systems was 
conducted in order to investigate the movement of effluents and 
coliforms in soils.  Total suspended solids (TSS), biochemical oxygen 
demand (BOD5), and total (TC) and fecal coliforms (FC) were 
measured in effluents at 12 sites.  These parameters were similar to, or 
less than, those reported for conventional systems with the exception of 
TC.  In general, the effluents met government municipal irrigation 
wastewater standards with regards to pH, EC, TSS and BOD5.  
However, they failed to meet these standards for TC and FC.  The 
distribution of effluent through the at-grade distribution system to the 
forest soils was uneven, with less effluent applied at the ends of the 
discharge pipes.  Once applied, effluents moved both vertically and 
laterally through the soil.  Coliform numbers in the soil were highest 
directly below the discharge points.  Coliforms decreased as the 
effluent moved vertically and laterally through the soil.  Preliminary 
results show that coliforms were reduced by approximately 90% in the 
45-60 cm soil depth, but the number of coliforms remaining raise 
concerns about potential ground water contamination.  The study is still 
in progress and will be concluded in Summer of 2005. 
 
INTEGRATED ECONOMIC/ENVIRONMENTAL MODELLING 
FOR AGRICULTURE - LINKING SCIENCE TO POLICY  

JUNKINS, B., Agriculture and Agri-Food Canada, Bldg. 74 
Central Experimental Farm, 960 Carling Ave., Ottawa, ON, K1A 
0C6, junkibr@agr.gc.ca, and GAMEDA, S., Agriculture and 
Agri-Food Canada, K.W. Neatby Bldg., 960 Carling Ave., 
Ottawa, ON, K1A 0C6 

Agriculture is facing both domestic and international pressure to 
manage its natural resources in a manner that is both environmentally 
responsible and economically sustainable.  While the NAHARP Agri-
Environmental Indicators provide an historical perspective of the 
environmental performance of the sector, science-based analytical 
systems are also required to provide a predictive capacity for assessing 
agricultural policies and programs.  This involves a multi-disciplinary 
approach to integrating a policy model with AEI models to help 
understand how changes to agricultural polices and programs will 
impact future economic and environmental outcomes.  The economic 

model is the Canadian Regional Agricultural Model (CRAM) which 
has been used as a policy tool at AAFC for many years.  CRAM is a 
static, non-linear optimization model of the Canadian agricultural 
sector that is disaggregated across both commodities and space.  Based 
on changes in market signals, agricultural policies and programs, and 
the adoption of technology, CRAM predicts the behavioral response of 
producers.  It is these predicted changes in land use, land use 
management and animal production and management that can be fed 
into the AEIs to assess the resulting changes in environmental 
outcomes.  Some AEIs have already been linked to CRAM (e.g. GHG 
emissions, soil organic carbon, wind and water erosion, risk of water 
contamination by nitrogen, habitat availability) and have been used in 
the past to assess the environmental implications of income support 
programs, analyze measures and strategies for reducing greenhouse gas 
emissions, and to help establish environmental outcome targets for the 
Agricultural Policy Framework.  As a policy tool, CRAM is based on 
large scale political boundaries; however, environmental issues are 
inherently local in nature, and the AEI models are based on much 
smaller ecological regions (SLC polygons).  Consequently, output from 
CRAM needs to be disaggregated such that crops and management 
practices are assigned to specific locations within the landscape.  In the 
future, allocation of CRAM output to the SLC level will be achieved 
through the development of a Land Use Allocation Model.  LUAM 
would predict spatially explicit land use change based on factors such 
as attributes of the land base that affect its resilience/suitability (soils, 
topography, climate), competing land use demands, proximity to 
markets, production costs, existing land use and its flexibility for 
change.  Under NAHARP, it is proposed to further expand the 
departmental capacity in this area, and improve the quality and 
reliability of these tools. 
 
TECTONIC ENVIRONMENT OF THE MARINE WINDSOR 
GROUP (VISÉAN) ACCORDING TO THE SEDIMENTOLOGY 
AND STRUCTURAL GEOLOGY OF TIME-EQUIVALENT 
CONTINENTAL CLASTIC UNITS OF THE PERCÉ GROUP  

JUTRAS, P., Department of Geology, Saint Mary’s University, 
Halifax, NS, B3H 3C3, pierre.jutras@smu.ca 

In the Maritimes Basin of Atlantic Canada, the Viséan (late 
Mississippian) is usually considered a time of tectonic quiescence 
during which eustatic variations and slow basin subsidence from post-
extensional cooling controlled a dominantly marine sedimentation (the 
Windsor Group), in contrast with the exclusively continental 
sedimentation that characterizes the rest of the regional upper Paleozoic 
successions.  However, Viséan rocks at the northwest margin of the 
Maritimes Basin (the recently defined Percé Group) are exclusively 
clastic and their recent study provided a less quiet picture for this time-
slice than time-equivalent marine units in more central areas of the 
Maritimes Basin.  Several tectonic events, dominantly transtensional, 
are recorded in the Viséan Percé Group, which includes three clastic 
units (the La Coulée, Cap d’Espoir and Bonaventure formations).  In 
contrast, rocks of the Windsor Group may have only experienced an 
increase or decrease in subsidence and accommodation space during 
these tectonic events.  Because the latter processes can be easily 
confused with eustatic variations from orbital forcing, which are 
recorded in the entire Windsor Group succession, the study of clastic 
deposits and structures in marginal areas of the basin helps distinguish 
tectonic events from Croll-Milankovitch cycles in the entire basin.  Our 
study suggests that the rapid invasion of the Windsor Sea during the 
Viséan, its gradual southeast migration, and its eventual retreat from 
the Maritimes Basin were altogether controlled by transtensional 
tectonics, although these tectonic events are overprinted by general 
eustatic variations in the entire Windsor Group succession. 
 
PARTICIPATION OF CANADIAN LABORATORIES IN THE 
NORTH AMERICAN PROFICIENCY TESTING PROGRAM 
FOR SOIL, PLANT, AND WATER ANALYSIS  

KALRA, Y.P., ykalra@nrcan.gc.ca, CRUMBAUGH, J.A., 
jcrumbau@nrcan.gc.ca, Northern Forestry Centre, Canadian 
Forest Service, Natural Resources Canada, 5320-122 Street, 
Edmonton, AB, Canada, T6H 3S5, MILLER, R.O., 
rmiller@lamar.colostate.edu, Soil and Crop Sciences Department, 
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Colorado State University, Fort Collins, CO 80523, USA, 
KOTUBY-AMACHER, J., jkotuby@mendel.usu.edu, USU 
Analytical, Laboratory, Utah State University, Logan, UT 80433, 
USA, and REID, K., keith.reid@omaf.gov.on.ca, Ontario 
Ministry of Agriculture and Food Stratford Resource Centre, 581 
Huron Street, Stratford, ON, Canada, N5A 5T8 

The authors presented information on the North American Proficiency 
Testing (NAPT) Program and the results of the 2002 study at the 
Annual Meeting of the Canadian Society of Soil Science in Montreal in 
August 2003.  The present paper gives an update on the program and 
the results of the Third Quarter Exchange 2004.  The program provides 
a mechanism for analytical laboratories to assess their performance in 
relation to a large group of laboratories on the same samples.  This is a 
critical part of a laboratory QA/QC program and has contributed to 
significant improvements in laboratory proficiency since it was 
initiated in 1996. 
There were a total of 164 laboratories enrolled, of which 22 were from 
Canada.  One hundred and fifty laboratories submitted results (112 
provided plant analysis results and 40 provided water analysis results).  
The numbers of samples distributed to each of the laboratories were as 
follows:  soil 5, plant 3, and water 3. 
Soil sample median values were as follows: pHw (1:1) 5.39-7.90, EC 
(saturation extract) 0.37-3.93 dSm-1, NO3-N (cadmium reduction) 8.8-
59.0 mg kg-1, Bray P1 (1:10) 11.0-89.0 mg kg-1, Extractable K 25-428 
mg kg-1, Mehlich-3 P 30.8-159 mg kg-1, DTPA-Zn 0.27-1.20 mg kg-1, 
Total Organic Carbon 0.27-1.77 %, and sand 20.0-87.6%.  Median 
values for the plant analyses were as follows: NO3-N 71-6,242 mg kg-1, 
SO4-S 1,796-8,028 mg kg-1, N (combustion) 0.97-2.77%, and Al 
(microwave) 54.6-453 mg kg-1.  Median values for water were as 
follows: EC 0.21-1.70 dSm-1, Na 0.13-14.2 mmol L-1, NO3-N 0.002-
1.63 mmol L-1, Cl 0.12-6.97 mmol L-1, B 0.010-0.82 mmol L-1, and P 
0.002-2.20 mg L-1. 
 
HYDROCARBON POTENTIAL OF THE LOWER AMARANTH 
M POOL, WASKADA FIELD, SOUTHWEST MANITOBA  

KARASINSKI, D.R., LAST, W.M., Department of Geological 
Sciences, University of Manitoba, Winnipeg, MB, R3T 2N2, 
dkarasinski@hotmail.com, and MARTINIUK, C.D., Petroleum 
Branch, Manitoba Industry, Economic Development and Mines, 
Winnipeg, MB, R3G 3P2 

The Lower Amaranth Member of the Amaranth Formation is a major 
producer in the Waskada Field of southwest Manitoba.  The Jurassic 
Amaranth Formation is the oldest Mesozoic unit in the northeastern 
portion of the Williston Basin. 
Reservoir facies occur as sandy intervals on logs, and are in fact, 
complexly interbedded intertidal sandstones and siltstones.  Thickness 
of the Lower Member is controlled by the paleotopography of the 
underlying Paleozoic erosional surface. 
Waskada Amaranth production began in 1980 with the re-completion 
of a former Mississippian producer.  Recently, the Waskada Field has 
expanded eastward into the Goodlands area, with the development of 
the Lower Amaranth M pool in the mid-1990s.  Developed original oil 
in place is calculated to be 9.8 million bbl, with 6.7% primary recovery.  
However, M pool net pay data suggest that the current pool boundaries 
do not accurately represent the absolute pool limits.  Extent of the pool 
is defined by a diagenetically-controlled permeability pinchout, where 
cementation has reduced permeability such to allow water migration, 
but simultaneously retard oil migration. 
Total potential of the M pool has yet to be reached; based on reservoir 
facies thickness, net pay, and production data two development targets 
have been identified adjacent to the current M pool boundaries.  
Development of these areas would expand the pool boundaries by 632 
ha, increasing M pool total original oil in place to 28.5 million bbl, with 
18.7 million bbl remaining undeveloped. 
 
NITROUS OXIDE EMISSIONS FROM FORESTED AND 
HARVESTED ECOSYSTEMS IN NORTHEASTERN NOVA 
SCOTIA  

KAVANAUGH, K., kkavanau@stfx.ca, KELLMAN, L. and 
BELTRAMI, H., Environmental Science Research Center 
(ESRC), St. Francis Xavier University, Antigonish, NS, Canada, 
B2G 2W5 

Studies suggest that deforestation alters the emissions of N2O from 
forest soils.  Although many studies have attempted to quantify changes 
in soil N2O emissions with deforestation in tropical environments, 
much less is known about northern temperate and boreal forests.  Soil 
N2O soil emissions from two 3 year old harvested and intact forest 
pairs of contrasting soil texture were monitored through the late 
summer early fall period in the Acadian forest of Atlantic Canada in 
order to: 1) quantify N2O emissions associated with each landuse type, 
2) investigate the factors controlling these emissions, and 3) determine 
the suitability of a photoacoustic gas monitor (PGM) for in situ field 
measurements of this gas.  Each site was instrumented with 11 
permanent collars for surface flux measurements designed to capture 
the microsite variability at the sites.  Subsurface soil gas samplers were 
installed at depths of 0, 10, 20 and 35 cm below the organic-mineral 
soil interface.  Surface fluxes were measured regularly with a non-
steady-state vented surface flux chamber coupled to the PGM in order 
to quantify soil-atmosphere N2O exchanges.  Less frequent 
measurements of subsurface gas concentrations were designed to 
identify the important zones of N2O production in the profile.  Soil 
nitrogen, soil bulk density, and soil pH were measured at each site.  
Preliminary results suggesting that spatial and temporal variability in 
surface emissions are very high and that there is a difference in the 
magnitude of fluxes between harvested and intact forest pairs will be 
presented. 
 
THE EARLY PROTEROZOIC CRUSTAL EVOLUTION AND 
DEEP STRUCTURE OF THE PECHENGA ORE DISTRICT 
(NORTHERN BALTIC SHIELD):  EVIDENCE FROM THE 
KOLA SUPERDEEP BOREHOLE, PETROLOGICAL, 
PETROPHYSICAL AND SEISMIC DATA  

KAZANSKY, V.I. and LOBANOV, K.V., Institute of Geology of 
Ore Deposits, Mineralogy, Petrography and Geochemistry, 
Russian Academy of Sciences, (IGEM RAS), Staromonetnyi per. 
35, Moscow 119017, Russia 

For a long period data received from the Kola Superdeep Borehole SG-
3 were related to the modern erosional level.  Recent studies revealed, 
however, that different-type metamorphic, magmatic and hydrothermal 
processes are superimposed on each other in deep zones of the crust 
and that the evaluation of the "depth factor" constitutes a more difficult 
problem than it was previously thought.  The same is true for the 
environment of endogenous processes. 
Correlation of geological and geophysical data for the adjacent 
territories of Russia, Finland and Norvay resulted in a more broad 
interpretation of the boundaries and metallogeny of the Pechenga ore 
district.  Four development stages were distinguished in the Early 
Proterozoic Karelian cycle which occurred under changing geodynamic 
environments, namely: 1 – preriftogenic (2.5-2.35 Ga), 2 – riftogenic 
(2.35-1.9 Ga), 3 – collision (1.9-1.75 Ga), and 4 – postcollision (1.75-
1.6 Ga).  The first two stages correspond to the traditional subdivision 
of the Karelian cycle, the other two stages have been isolated for the 
first time. 
In spite of the prolonged mantle-crust interaction, the Early Proterozoic 
volcano-sedimentary complex makes up relatively shallow tectonic 
structures, resting on the Archean basement.  The Pechenga structure 
serves as the best example.  Its vertical extent does not exceed 10-12 
km.  The conclusion follows from the elaborated 3D model of the 
Pechenga ore district based on the formalization and correlation of the 
SG-3 section and a 100km-long surface profile. 
The seismotomographic modeling showed, that the ancient continental 
crust of the Baltic Shield extends without interruption into the Barents 
Sea Shelf Plate.  In both cases it consists of upper heterogenous and 
lower homogenous crust and is underlain by a mantle-crust transition 
zone.  At the same time, variations of Vp/Vs ratio provide evidence for 
the existence of an anomalous object at the interface between the lower 
and upper crust, which was be interpreted as a previously exited 
intermediate magmatic chamber. 
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The central part of the Pechenga ore district has been selected for more 
detailed seismotomographic studies using some additional seismic data.  
It was established that under the Pechenga structure, the upper 
boundary of the Moho surface is located at minimal depth of 34-41 km.  
Based on recent geological, geophysical, petrological and metallogenic 
information, we regard this Moho uplift as a relict mantle plume which 
dominated Early Proterozoic geological events. 
 
ORPHAN BASIN, OFFSHORE NEWFOUNDLAND:  
INTEGRATED GEOPHYSICAL ANALYSIS AND EVIDENCE 
FOR EXTREME CRUSTAL THINNING ON THE CONJUGATE 
MARGINS  

KEARSEY, S.J. and ENACHESCU, M.E., Pan-Atlantic 
Petroleum Systems Consortium (PPSC), Memorial University of 
Newfoundland, St. John's, NL, A1B 3X5, stephenk@mun.ca 

The tectonic framework of the Orphan Basin was investigated using a 
combination of regional seismic mapping and potential field modeling.  
Previous vintage seismic data acquired in the Orphan Basin lacked the 
penetration and resolution required to definitively image rift associated 
structures and stratigraphy.  High quality seismic data, donated by 
Geophysical Service Incorporated (GSI), allowed us to resolve the 
Mesozoic rifted section to economic basement and even obtain strong 
Moho reflections.  The Lithoprobe seismic line extending east of the 
Orphan Knoll was interpreted to investigate the position of continent-
oceanic boundary (COB).  Free air gravity and total field magnetics, 
publicly available from the Geological Survey of Canada (GSC), was 
used to clarify contentious seismic interpretation in the basin. 
In areas where the basement marker is not clearly defined, gravity 
models were constructed from the tentatively interpreted seismic 
sections to help interpret the structural grain and fault positions.  
Models were further constrained from well information and Euler 
Deconvolution, a magnetic depth-to-basement technique.  Orphan 
Basin potential field modeling also discriminated between; Paleozoic 
and Precambrian basement ridges, salt diapirs, volcanic bodies, and 
thick sediment (Jurassic - Early Cretaceous) covered ridges. 
A prominent N-S trending gravity lineament that approximately marks 
the Central Orphan Ridge (COR), separates a shallower West Orphan 
Basin and deepwater East Orphan Basin.  This correlates to the White 
Sail Fault, a basin bounding fault for the East Orphan Basin, identified 
from several regional seismic lines.  We note that a vertical derivative 
of gravity best defines the N-S trending basement ridges and adjacent 
deep sub-basins visible in the seismic data. 
The Orphan Basin approach to continent-oceanic boundary (COB) is 
characterized by rotated continental fault blocks, underlain by a low-
angle detachment surface.  One particular ridge paralleling the COB, 
exhibits a high magnetic signature and steer's head type geometry.  
Further eastward a transitional zone of undulating basement 
topography, approximately 110 km wide, precedes the onset of inferred 
oceanic crust.  These observations are strikingly similar to features on 
the Iberian and conjugate Porcupine Basin margins.  There, transition 
zones of exhumed serpentinized mantle are separated from upper crust 
by respectively, the S and P detachment faults.  This may provide 
arguments for a very slow, mid-Cretaceous continental separation of 
the north Atlantic margins. 
 
APPLICATION OF THE CONTINUOUS WAVELET 
TRANSFORM TO POTENTIAL FIELD INTERPRETATION IN 
THE GASPÉ PENINSULA  

KEATING, P., GSC, 615 Booth, Ottawa, ON, K1A 0E9, 
pkeating@nrcan.gc.ca, PINET, N., INRS-ETE, 490 de la 
Couronne, Québec, QC, G1K 9A9, BROUILLETTE, P., GSC, 
490 de la Couronne, Québec, QC, K1K 9A9, SAILHAC, P., 
EOST, 5 René Descartes, Strasbourg, France, DION, D.J., 
MRNFPQ, 5700, 4ième Ave, Québec, QC, and PILKINGTON, 
M., GSC-Ottawa 

New magnetic and gravity data are available for the Gaspé peninsula in 
Eastern Quebec.  Magnetic data are from two surveys, both flown in a 
smooth-drape mode, at a mean terrain clearance of 150 m.  In the north-
eastern block line spacing was 400 m and 300 m elsewhere.  Gravity 

data were acquired at an average station spacing of 3 km and terrain 
corrections included.  These new surveys define prominent geophysical 
features in the Late Proterozoic to Devonian rocks that form the 
Quebec Appalachians.  There are shallow and outcropping magnetic 
sources often associated with intrusions or volcanic rocks.  Deep 
magnetic sources are from within the underlying Grenville basement at 
depths of 6 km and more.  We have used these data sets to assess and 
validate interpretations based on the Continuous Wavelet Transform 
(CWT). 
For gravity data the CWT we used corresponds to the magnitude of the 
gravity field upward continued to a series of increasing heights.  This is 
often referred to as "worming".  In the case of magnetic data we used 
two CWTs.  One corresponds to the pseudo-gravity field of the 
magnetic data, and the other to the analytic signal.  In both cases the 
field is again upward continued to a series of increasing heights. 
CWTs using the pseudo-gravity field and the analytic signal of the 
magnetic field were calculated for the Mount Serpentine area northwest 
of Gaspé.  The area is about 7 x 7 km and the magnetic anomaly is well 
defined.  Results indicate that this fault-controlled mélangezone, forms 
as a whole, a sheath-shaped body that dips to the south.  There is no 
gravity anomaly associated with this structure.  A well-defined gravity 
anomaly is associated with the Shickshock nappe that includes a large 
amount of metavolcanic rocks.  In this case, the CWT indicates that its 
south side dips to the south in agreement with field observations.  The 
west part of the north side dips to the north and the east part is sub-
vertical. 
The CWT gives the best results for isolated anomalies, because upward 
continuation tends to merge adjacent anomalies as the continuation 
height increases.  On the other hand, upward continuation also reduces 
survey noise, so that the first few levels of upward continuation are an 
excellent contact mapping tool.  The CWT is easy to compute and its 
interpretation can be used as a starting point for detailed modelling or 
inversions. 
 
ACATLÁN COMPLEX, SOUTHERN MEXICO:  A VESTIGE OF 
THE RHEIC OCEAN  

KEPPIE, J.D., Instituto de Geología, Universidad Nacional 
Autónoma de México, 04510 Mexico D, F., 
duncan@servidor.unam.mx, NANCE, R.D., Department of 
Geological Sciences, Ohio University, Athens, Ohio, 45701 USA, 
MILLER, B.V., Department of Geology and Geophysics, Texas 
A and M University, College Station, Texas, 77843, USA, 
MURPHY, J.B., Department of Earth Sciences, St. Francis 
Xavier University, Antigonish, NS, B2G 2W5, DOSTAL, J., 
Department of Geology, St. Mary’s University, Halifax, NS, B3H 
3C3, and ORTEGA-RIVERA, A., Instituto de Geología, 
Universidad Nacional Autónoma de México, Hermosillo, Sonora 
83000, Mexico 

The Paleozoic Acatlán Complex of southern Mexico is composed of 
metasedimentary and metaigneous rocks that represent a vestige of 
either the Iapetus or Rheic oceans.  Ortega-Gutiérrez et al. (1999) claim 
the complex records the following sequence of events: (1) Cambro-
Ordovician deposition of a passive margin or trench/forearc sequence 
(Petlalcingo Group: Magdalena, Chazumba and Cosoltepec formations) 
and an oceanic sequence (Piaxtla Group); (2) polyphase Late 
Ordovician-Early Silurian deformation (Acatecan Orogeny) during 
which the Piaxtla Group underwent eclogite facies metamorphism; (3) 
deposition of the arc-related Tecomate Formation and intrusion of 
megacrystic granitoid plutons during the Silurian and Devonian; and 
(4) deformation at greenschist facies during the Devonian Mixtecan 
Orogeny.  However, recent studies indicate that: (1) the Cosoltepec 
Formation is Siluro-Devonian and may be part of a continental rise 
with slivers of MORB, whereas the Magdalena and Chazumba units 
represent a Permo-Triassic clastic wedge; (2) the eclogitic 
metamorphism is (Late Devonian)-Mississippian in age; (3) the 
Tecomate Formation is a latest Pennsylvanian to Middle Permian arc 
complex; and (4) the greenschist facies tectonothermal event is Permo-
Triassic.  Furthermore, most of the megacrystic granitoid rocks appear 
to be rift-related and span the Ordovician.  This revised geological 
history is more consistent with of the Rheic Ocean, involving: (a) 
prolonged rifting of the Gondwana margin throughout the Ordovician, 
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perhaps analogous to a Baja California-type margin and attributed to 
ridge-trench collision; and (b) ocean closure documented by 
subduction-related eclogite facies metamorphism during the Late 
Devonian-Mississippian.  The latest Carboniferous-Triassic events may 
be related to convergent tectonics on the paleo-Pacific margin of 
Pangea. 
 
THE XAYACATLÁN TYPE AREA, ACATLÁN COMPLEX, 
SOUTHERN MEXICO: ~440 MA SYNTECTONIC 
EMPLACEMENT OF A LAYERED CONTINENTAL 
THOLEIITIC GABBRO DURING THE BIRTH OF THE RHEIC 
OCEAN  

KEPPIE, J.D.1, duncan@servidor.unam.mx, DOSTAL, J.2, 
MILLER, B.V.3, NANCE, R.D.4, MURPHY, J.B.5, and 
COOPER, P.2,  1 Instituto de Geología, Universidad Nacional 
Autónoma de México, 04510 Mexico D.F.;  2 Department of 
Geology, Saint Mary’s University, Halifax, NS, B3H 3C3;  3 

Department of Geology and Geophysics, Texas A and M 
University, College Station, Texas 77843;  4 Department of 
Geological Sciences, Ohio University, Athens, Ohio 45701;  5 

Department of Earth Sciences, St. Francis Xavier University, 
Antigonish, NS, B2G 2W5 

The Acatlán Complex of southern Mexico comprises polydeformed 
assemblages of tectonically juxtaposed high- and low-grade 
metasedimentary and metaigneous rocks that have been interpreted to 
represent the collisional suture a Paleozic ocean.  Within this complex, 
the Xayacatlán Formation was previously inferred to represent a 
fragment of Iapetus oceanic lithosphere that underwent eclogitic 
metamorphism during subduction followed by obduction and 
dehydration melting at ~440 Ma.  Re-examination of the Xayacatlán 
Suite in its type area indicates that it originally consisted of a layered, 
continental tholeiitic gabbroic intrusion emplaced at 442 ± 1 Ma 
(concordant U-Pb zircon analyses).  The gabbroic rocks have a variable 
composition with Mg # ranging from 0.73 to 0.53; some gabbros are 
cumulates.  The rocks display a negative correlation of Ti and V with 
Mg #, a trend typical of tholeiitic suites.  The gabbros have REE 
patterns that are enriched in light REE relative to heavy REE with 
(La/Yb)n ~ 3-7 and (La/Sm)n ~ 1.5-2.5.  The mantle-normalized trace 
element patterns display an enrichment of large-ion-lithophile elements 
versus heavy REE and high-field strength-elements accompanied by 
negative Nb-Ta anomalies relative to Th and light REE suggesting 
derivations from a subcontinental lithospheric mantle, which was 
modified in an older subduction setting. 
This gabbro intrusion was rapidly converted to amphibolitic gneiss 
cooling through ~550 °C by ~434 Ma (40Ar/39Ar hornblende plateau 
age) and affected by a greenschist facies tectonothermal event at ~250-
200 Ma associated with dextral shearing on its N-S boundaries.  These 
data suggest that the gabbro was intruded during oblique extension of 
continental crust.  The absence of eclogitic metamorphism in the 
Xayacatlán Suite (present elsewhere in the Acatlán Complex) suggest 
that the type Xayacatlán did not undergo subduction.  Instead, 
juxtaposition with low-grade rocks of the Acatlán Complex during the 
Permo-Triassic is indicated.  As birth of the Rheic Ocean occurred in 
the Early Ordovician, the continued rifting at ~442 Ma rifting is 
consistent with a Baja California model related to collision of a mid-
oceanic ridge with the Amazonian margin.  These data are more 
consistent with Ordovician birth of the Rheic Ocean than with the latest 
Precambrian opening of the Iapetus Ocean. 
 
GEOLOGY AND GEOCHEMISTRY OF THE RATTLING 
BROOK GOLD DEPOSIT, WESTERN NEWFOUNDLAND:  AN 
ASSESSMENT IN THE CONTEXT OF NEW EXPLORATION 
MODELS  

KERR, A., Geological Survey of Newfoundland and Labrador, 
Department of Natural Resources, PO Box 8700, St. John's, NL, 
A1B 4J6, akr@zeppo.geosurv.gov.nf.ca 

The Rattling Brook gold deposit is a large, dispersed, low-grade system 
in which auriferous sulphides are disseminated or present in myriad 
tiny veinlets.  Larger and more continuous quartz vein systems typical 
of most gold deposits are conspicuously absent.  The dominant host 

rocks are altered Precambrian granites, but some of the best 
mineralization occurs in altered Precambrian metadiabase dykes and in 
Cambrian quartzites, limestones and phyllites.  The mineralization must 
be post-Cambrian, but its timing is otherwise unconstrained, although a 
Silurian or younger age is implied by its undeformed character.  The 
commonality of textures in mineralized rocks, and broadly similar 
alteration sequences, suggest that a single process deposited gold in all 
of these host rocks.  Petrological and metallurgical studies indicate that 
free gold is very rare and imply that much of the gold is refractory, 
likely held within sulphides.  The most likely candidates are gold-rich 
arsenopyrite or gold-rich arsenian pyrite, but the latter has yet to be 
firmly identified. 
Geochemical data indicate that there is very little associated Ag, and 
essentially no enrichment in Cu, Zn, Pb, Co or Ni.  There are strong 
Au-As-S correlations, and a diffuse Au-Ag correlation, but essentially 
no correlation between gold and the base metals.  Auriferous samples 
are also commonly enriched in Te and W, and there is more diffuse 
enrichment in Sb.  A few auriferous samples display marginal 
enrichment in Tl, but no obvious enrichment in Hg or Se is present.  
The geochemical characteristics and associations resemble those 
described from sedimentary-rock-hosted micron ("Carlin-type") gold 
deposits or generally similar noncarbonate-hosted disseminated-
stockwork gold deposits.  These conclusions are encouraging in the 
context of new exploration models for western Newfoundland.  
However, there remains a pressing need for more extensive and precise 
trace element geochemistry, and for more information on sulphide 
mineral assemblages and the precise habitat of the gold. 
 
SOIL AND NEAR-SURFACE PERMAFROST TEMPERATURES 
IN DISCONTINUOUS PERMAFROST, MACKENZIE 
MOUNTAINS, NWT  

KERSHAW, G.P., Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3, 
peter.kershaw@ualberta.ca 

Permafrost landforms in the western Mackenzie Mountains include 
palsas and peat plateaus.  These landforms have been degrading since 
the early 1940's and have lost area by approximately 1% yr-1 over the 
last 6 decades.  Many features have completely disappeared while the 
majority of the remaining have significantly decreased in size. 
Year-round temperature data have been collected on four features since 
1990 while a 5th was added in 1995.  Over this period the mean annual 
air temperature ranged from -9.2° to -4.5°C.  One site warmed by 
approximately 0.4°C while two others cooled by approximately 0.5° to 
1°C from the beginning of the record period.  This occurred over a 300 
m difference in elevation with the lowest elevation site experiencing 
the greatest cooling.  The mean annual permafrost temperature, 
measured at 150 cm depth, varied from -0.1°C to -3.4°C.  The mean 
annual permafrost temperature at most sites warmed approximately 1°C 
over the record period.  Landforms lacking erect shrubs were the 
coldest while an erect shrub cover promoted warmer temperatures due 
to enhanced snow-trapping ability.  These end-members in permafrost 
temperature were within 200 m of each other while the other 
monitoring sites were spread over 35 km. 
Physical measurement of the depth of thaw since 1990 indicates little 
change in active layer thickness at each site.  Thaw depth varied 
between 35 cm and 105 cm with the shallowest depth under a tall shrub 
canopy and the deepest under a lichen/graminoid cover.  The average 
thaw depth for the majority of the features was approximately 50 cm. 
Decrease in size of features coupled with warmer permafrost but no 
change in active layer depth suggests that degradation is dominated by 
edge retreat.  Palsas appear to be most affected by melting from the 
margins while peat plateaus often contain localized thermokarst 
depressions. 
The current characteristics of degradation are apparent but the time of 
initiation of the process requires further study. 
 
RESERVOIR PROVENANCE IN VENTURE B-13 AND 
ARCADIA J-16 BOREHOLES, OFFSHORE NOVA SCOTIA  
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KETTANAH, Y. and WACH, G., Department of Earth Sciences, 
Dalhousie University, Halifax, NS, B3H 4J1, Canada, 
kettanah@dal.ca, grant.wach@dal.ca 

Sandstones of the Missisauga and Mic Mac formations are reservoir 
rocks for hydrocarbons, offshore Nova Scotia. Cores and cuttings from 
both formations were studied in Venture B-13 and Arcadia J-16 
boreholes for their mineralogy and petrography.  Alternating 
sandstones, shales and siltstones with minor limestones form the bulk 
lithology of these fluvio-deltaic formations.  Calcite is the main 
cementing material in the sandstones as well as variable amounts of 
chert and clay minerals.  Illite, chlorite, kaolinite and montmorillonite 
are common clay minerals in the shale horizons.  Some sandstone units 
have high porosity and permeability with remnants of hydrocarbons, 
detected by fluorescent microscopy.  Mineralogically the sandstones of 
both formations are quartzarenites and subarkoses, rich in quartz with 
minor amounts of feldspars and mica with sporadic occurrences of 
siderite, glauconite, chamosite, pyrite, iron oxides, bituminous material; 
and variable amounts of calcite, minor chert and clay as cementing 
material. 
Heavy mineral studies show abundant iron oxides (hematite, magnetite, 
ilmeno-magnetite and goethite), pyrite, siderite; a common ultrastable 
group of minerals (tourmaline, zircon and rutile) and stable minerals 
(apatite, garnet and rarely epidote and others); unstable minerals such 
as hornblende are rare.  Garnet has not been observed in the Mic Mac 
sands.  The lower part of the Mic Mac formation is rich in hematite and 
poor in magnetite relative to the Missisauga.  Pyrite is common in both 
formations and is of authigenic origin, grown from framboids which are 
common in these rocks.  There is more than one type of tourmaline, 
zircon and garnet with various colors and shapes. 
The mineralogy and heavy mineral suites suggest a dominant granitic 
source.  The probable source is the South Mountain Batholith and the 
Meguma Supergroup outcropping on the nearby Nova Scotian 
mainland.  There is a minor component of reworked detrital material 
indicated by the rounded nature of some heavy minerals. 
 
TYPES AND SIGNIFICANCE OF FLUID INCLUSIONS IN 
ROCK SALTS FROM OFFSHORE GRAND BANKS, 
NEWFOUNDLAND AND ONSHORE NOVA SCOTIA  

KETTANAH, Y., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4J1, kettanah@dal.ca 

Fluid inclusions (FIs) in rock salts from the Osprey H-84 well, Carson 
sub-basin, Grand Banks, Newfoundland, (depth interval 1252 to 
3606m) and the Pugwash Mine, Nova Scotia were studied using 
microthermometry, fluorescence microscopy and Raman spectroscopy.  
Both salts contain brine and petroleum FI assemblages.  The aqueous 
phases in Osprey are dominantly NaCl-H2O system while those in 
Pugwash are mostly NaCl-KCl-H2O.  The Pugwash halite contains 
more petroleum FIs than Osprey salt; they fluoresce the full range of 
colors of the visible spectrum as an indication of their aromatic 
hydrocarbon contents.  Microthermometric (freezing Tf / eutectic 
melting Te / final melting Tm and homogenization Th) measurements 
confirm the difficulties in dealing with halite (stretching, fracturing, 
leaking) reported by others. 
The aqueous FI assemblages in Osprey salts are colorless, regular cubes 
and platy prisms ranging in size from sub-microscopic to more than 
200 :m with or without gas bubbles, which are relatively few.  The 
average temperature is: Tf (- 65.4°C), Te (- 21.2°C), Tm (- 0.8°C), and 
Th (98°C).  Fluid inclusions considered primary homogenize between 
27.7°C and 47.3°C (35.3°C in average).  The petroleum FIs are 
irregular in shape and erratic in distribution; they are either light brown 
or colorless, and contain large gas bubbles; their Tf, Te, Tm, and Th are 
not consistent. 
Pugwash salts contain four FI assemblages, two aqueous and two 
petroleum populations.  The aqueous fluid inclusions are regular in 
shape (cubes and elongated prisms) and few of them contain gas 
bubbles; some contain crystals of halite and/or sylvite.  Temperatures 
are: Tf (-70.4°C), Tm (29°C) and Th (69.2°C).  The primary looking FIs 
homogenize at 28°C to 36.1°C (32.5°C in average).  The petroleum 
fluid inclusions are usually large, elongated, with regular or irregular, 
single or net-like microchannels.  They homogenize at high 

temperatures or decrepitate around 400°C and burn releasing a strong 
hydrocarbon odour, leaving a brown residue. 
The presence of various generations of brine and hydrocarbon fluid 
inclusions in salt implies that halite was highly permeable to the 
passage of fluids in the past.  This observation is consistent with 
experimental work by others that indicates the halite-brine dihedral 
angle, which controls pore-fluid connectivity and hence permeability, is 
found to be very sensitive to temperature and pressure.  It is therefore 
suggested that while at depths of more than 3 km, the studied salt 
bodies of Windsor and Argo salt developed an interconnected brine-
filled porosity resulting in permeabilities comparable to that of 
sandstones. 
 
LARGE RIVERS FROM THE INDIAN CRATON:  A MAJOR 
SEDIMENT CONTRIBUTION TO THE HIMALAYAN 
FORELAND BASIN  

KETTANAH, Y.A., GIBLING, M.R., Department of Earth 
Sciences, Dalhousie University, Halifax, NS, B3H 3J5 Canada, 
and SINHA, R. Department of Civil Engineering, Indian Institute 
of Technology, Kanpur 208016 India 

Foreland basins receive large volumes of sediment from rising 
mountain chains generated during plate collision, and the attention of 
geoscientists is drawn to these dynamic drainage sytems.  The rock 
record, however, shows that cratonic drainage systems have also made 
major contributions to the basin fills, especially where they receive 
sediment from large rivers that drain extensive shields.  In the 
Himalayan Foreland Basin, the axial Ganga and Yamuna rivers lies 
close to the cratonic basin margin and locally within bedrock, giving a 
superficial impression that cratonic rivers are of little importance.  
However, the tributary Bettwa, Chambal and Son rivers are >500 km 
long and are energetic monsoonal rivers with large upland catchments 
in the Indian Craton.  Outcrop and drill data show that thick wedges of 
red feldspathic sand and mud underlie much of the southern foreland 
basin at shallow depth (30 m), where they have yielded a TL date of 
119 ± 13 ka.  Similar sediments extend ~150 km north of the present 
axial drainage at deeper levels (270 m+), about one-third of the 
distance from the feather-edge of the foreland basin to the Himalayan 
Front.  Petrographic and heavy mineral analysis confirms that the red 
sands closely match modern Bettwa River sands, indicating a cratonic 
source. 
Axial drainage in the Himalayan Foreland Basin appears to have 
advanced southwards within the past 130 ka, restricting the extent of 
cratonic drainage systems.  Although the reasons for this are unclear, a 
possible explanation is that the Gandak and Kosi megafans of the 
eastern plains experienced major growth during Marine Isotope Stage 5 
(~75-130 ka) when monsoonal precipitation was greatly enhanced, 
pinning the axial drainage against the cratonic margin.  At earlier times, 
the large cratonic rivers may have exerted a greater influence on 
foreland-basin dynamics than modern drainage patterns of the 
Himalayan Foreland Basin would suggest. 
 
PROVENANCE OF QUATERNARY SANDS FROM THE 
GANGA RIVER SYSTEM AND ITS TRIBUTARIES, 
HIMALAYAN FORELAND BASIN, INDIA  

KETTANAH, Y.A., GIBLING, M.R., Department of Earth 
Sciences, Dalhousie University, Halifax, NS, B3H 3J5, Canada, 
and SINHA, R., Department of Civil Engineering, Indian Institute 
of Technology, Kanpur 208016, India 

The Indo-Gangetic plains are among the world’s largest alluvial 
regions, and are traversed by the Ganga, Indus and Brahmaputra rivers 
and their tributaries.  The rivers transport large sediment volumes from 
the great Himalayan ranges to the north, draining terrains of varied 
lithology and age, with contributions from Precambrian plutonic 
igneous and metamorphic sources on the Indian Craton to the south.  
To date, there has been little petrographic work to distinguish source 
areas using modern river sands, and in particular the importance of 
cratonic rivers in supplying the foreland basin has not been assessed. 
Modern sand suites from Himalayan rivers and axial drainage systems 
(Ganga and Yamuna) and cratonic river systems (Bettwa and Chambal) 
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were compared with each other and with older Quaternary sands (130 
ka and younger) sampled in river cliffs and drill cores.  For the 26 
samples selected, methods included sieve analysis, thin-section grain 
counts using the Gazzi-Dickinson method, and heavy-mineral analysis. 
Ganga, Yamuna and Chambal samples are lithic felsarenites and 
felsarenites, whereas Bettwa sands are relatively coarse felsarenites.  
Bettwa and Chambal sands contain numerous lithic fragments of 
quartzite.  Heavy mineral suites are dominated by metastable types, 
mainly green amphiboles, epidote group, sillimanite group, garnet 
group, and minor pyroxenes, apatite, monazite, and sphene.  Ultrastable 
minerals (zircon, tourmaline and rutile) are minor constituents in all 
samples, and opaques are mostly magnetite, hematite, goethite and 
ilmenite.  Ganga, Yamuna and Chambal sands are characterized by 
green amphiboles, epidote-zoisite, garnet, sillimanite-kyanite, and 
lesser tourmalines.  Chambal and Bettwa sands are rich in Fe and Fe-Ti 
oxides, and Bettwa sands have higher pyroxene and zircon content and 
lower garnet and sillimanite-kyanite content than Himalayan sands. 
Modern Himalayan and cratonic rivers yield distinctly different sands, 
although different Himalayan catchments are less easily distinguished 
and Chambal sediments are somewhat intermediate in composition.  
Older Quaternary samples can be matched readily to Himalayan and 
cratonic sources.  Across much of the southern basin margin, cratonic 
sand is overlain by Himalayan sand, indicating that Himalayan rivers 
have migrated strongly southward within the past 130 ka.  Himalayan 
megafans on the plains farther east experienced major growth during 
the ~75-130 ka period when monsoonal precipitation was high, and 
may have pushed the axial drainage towards the craton.  Cratonic rivers 
may have contributed more sediment to the foreland basin in the past 
than their present extent would suggest. 
 
RECOGNITION OF EMPLACEMENT TIME OF JAMBIL 
CARBONATITE COMPLEX FROM NW PAKISTAN:  
CONSTRAINTS FROM FISSION-TRACK DATING OF 
APATITE USING AGE STANDARD APPROACH (THE . 
METHOD)  

KHATTAK, N.U., AKRAM, M., ULLAH, K., QURESHI, A.A. 
and QURESHI, I.E., Physics Research Division, PINSTECH, 
P.O. Nilore, Islamabad, Pakistan, niamat@pinstech.org.pk 

A group of alkaline igneous complexes termed the Peshawar Plain 
Alkaline Igneous Province (PAIP) is exposed in an arcuate fashion 
north of the Peshawar Plain in NW Pakistan.  The PAIP, which extends 
for about 150 km, from Tarbela in the east up to Loe-Shilman near the 
Pakistan-Afghanistan border in the west, consists mainly of granites, 
syenites, gabbros, ijolites and carbonatites.  The carbonatites are found 
at the localities of Loe-Shilman, Sillai-Patti, Jawar, Jambil, Koga and 
Tarbela.  The Jambil carbonatite deposit is occurring as small isolated 
bodies and plugs of carbonatites and fenites exposed in Jambil area, 
about 10 km SE of Mingora in Lower Swat.  Here the carbonatite 
bodies intrude the Swat granitic gneisses and Manglaur Formation.  
Conduction of fission-track dating studies on the apatite crystals using 
the external detector method and age standard approach (the . method) 
yielded a pooled age of (29.3 ± 1.2) Ma and an average age of (29.5 ± 
1.2) Ma for the Jambil carbonatite of lower Swat area.  These ages are 
concordant with the fission track age of (32.1 ± 1.9) Ma on zircon from 
the Sillai Patti carbonatite, fission track age of (29.1 ± 1.9) Ma on 
apatite from the Jawar carbonatite, K-Ar dates of (31 ± 2) Ma on 
biotites from the Loe-Shilman and Sillai Patti carbonatites, U-Pb age of 
(29.26 ± 0.12) Ma on zircon from one of the alkaline pegmatitic dykes 
of lower Swat area and Ar-Ar age of (28.4 ± 1.1) Ma on muscovite 
from the same dyke of the earlier workers.  This relationship confirms 
that the fission-track apatite age of this study is the emplacement age.  
This strongly suggests the occurrence of an Oligocene alkaline 
magmatic episode within the region. 
 
Ni IN PLANTS AND PLANT LITTER FROM THE TAILINGS 
AREA OF THE Ni-Cu MINE OF INCO LTD. THOMPSON, 
MANITOBA  

KHOZHINA, E.I., ehozhina@inbox.ru, and SHERRIFF, B.L., 
Department of Geological Sciences, University of Manitoba, 
Winnipeg, MB, R3T 2N2 

Terrestrial and aquatic plants growing within exposed and submerged 
tailings of INCO Ltd. Ni-Cu Mine, Thompson, Manitoba, were studied.  
Exposed tailings are characterised by low pH values (about 3), high 
sulphide content (about 23 %, mainly as pyrrhotite), sand size texture, 
and low organic matter content.  Concentrations of Ni in the exposed 
tailings are up to 13 times greater than for uncontaminated soils from 
control areas and about 2.5 times for Cr, and Cu, which are on average 
816, 188, and 95.7 ppm, respectively.  In contrast to exposed tailings, 
unoxidized submerged tailings have neutral pH values and higher 
contents of sulfides and metals. 
There is a much wider variety of species in the control area compared 
to the tailings areas, where water sedge (Carex aquatilis Wahl.) 
dominate within the exposed tailings and common cattail (Typha 
latifolia L.) within submerged tailings.  It was observed that water 
sedge spread mostly by roots in radial direction.  Seeds of water sedge 
growing within exposed tailings have very low viability (14 % of 
germination) compared to those from control areas (57 % of 
germination). 
The concentration of Ni was determined for shoots, root systems, and 
dead shoots that were still attached to the root system of the plants.  
Dead shoots of cattail that were still standing above the water were 
studied separately from submerged shoots.  Within the exposed tailings 
the highest concentration of Ni was found in dead water sedge shoots 
with 850 ppm Ni, which is 6.5 times higher than in living shoots.  In 
contrast, the Ni content of sedge litter from the control areas was lower 
than in living shoots.  The concentration of Ni in water sedge from the 
control area was < 14 ppm.  Within the submerged tailings, Ni content 
(70 ppm) in dead shoots of cattail standing above the water was several 
times higher than in the living organs but orders of magnitude lower 
than in submerged (1300 ppm).  Cattail plants from the control areas 
contained < 7 ppm Ni. 
Thus, shoots of plants growing in the tailings areas uptake high levels 
of Ni during their life cycle and continue to adsorb Ni after death 
especially when they are in contact with the tailings pond water.  
Active chemical groups of organic compounds of dead shoots continue 
absorbtion of Ni from bleeding sap lifted up from the root system and 
from the pond water if these shoots are submerged. 
 
CONSTRAINTS ON GLACIAL AND SEA-LEVEL 
RECONSTRUCTIONS FROM OUTER SHELF 
STRATIGRAPHY, SABLE ISLAND BANK, SCOTIAN SHELF, 
ATLANTIC CANADA  

KING, E.L. and CAMERON, G.D.M., Geological Survey of 
Canada (Atlantic), Bedford Institute of Oceanography, 1 
Challenger Drive, PO Box 1006, Dartmouth, NS, B2Y 4A2, 
eking@nrcan.gc.ca 

Reconstruction of the glacial configuration and interaction with sea-
level across the outer-shelf is inferred from geometry, stratigraphic 
relationships and interpretations of depositional environment derived 
from high-resolution seismic profiles.  A succession of events is 
reconstructed in an iterative process, fit into a chronology constrained 
by eustatic sea-level and limited absolute dating.  The last glacial-post 
glacial cycle on Sable Island Bank is recorded by a series of sandy 
subglacial, proglacial and shallow marine units and bounding horizons.  
A blanket deposit with a smooth basal erosion surface, homogeneous 
internal seismic signature and rough upper surface is interpreted as a 
sandy till.  Its distribution indicates ice front fluctuations in time and 
space, superimposed on a general retreat.  Age is constrained by old 
(25-39 ka) and infinite C-14 dates below, and early post-transgression 
deposits above.  In Brandal Basin, north of the bank, the glacial retreat 
proceeded with a contrasting regime; multiple tills are sandwiched 
between stratified glacimarine sediments, stacked and partially ponded 
in over-deepened north-south trending valleys.  They pinch-out 
southwards, derived from oscillations of glacial ice feeding from the 
north.  The bank-situated till contrasts with overlying stratified sands 
worked into a complex of partially preserved sand ridges, bars and 
channels, under shallow conditions.  These were partly removed with 
isostatically driven emergence and subsequent transgression.  A thin, 
but extensive distal glacimarine clay with reworked fauna was the 
precursor to glacial re-advance, followed by a thick sandy marine apron 
rooted in a large, curvilinear mid-bank sandy ridge topped with distal 
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subaerial channels and proximal sub-glacial channels.  These are the 
distal, proximal and ice-contact components of a tidewater moraine.  
Direct evidence for timing of this re-advance is poorly constrained yet 
within 14 to 16ka.  Despite renewed isostatic depression, this forced a 
regression through massive deposition.  Continued eustatic rise brought 
renewed transgression with extensive reworking into prograding sand 
sheets and sand ridges and eventually, near-drowning of the proto-
Sable Island.  The succession of events differs on the southeastern 
bank, with development of a shallow sub-aerial channel network after 
the LGM and little depositional affect from the readvance; apparently 
controlled by relative sea-level differences.  Sea-level curves are 
presented, based on these reconstructions and earlier works.  The 
central bank experienced a lowstand of about -50 m while the eastern 
portion reached a slightly earlier stand at about -90 m.  This degree of 
crustal adjustment and differential rebound in the outer shelf had not 
been previously recognized. 
 
RECENT CHANGES IN TREELINE AND GLACIERS IN 
GARIBALDI PROVINCIAL PARK, COAST MOUNTAINS, 
BRITISH COLUMBIA  

KOCH, J., jkoch@sfu.ca, and CLAGUE, J.J., Department of 
Earth Sciences, Simon Fraser University, Burnaby, BC, V5A 1S6, 
Canada 

Parts of the subalpine region of Garibaldi Provincial Park, in the 
southern Coast Mountains of British Columbia, were photographed at 
ground level as early as 1912 and from the air as early as 1931.  
Historical changes in ice and vegetation cover have been documented 
from these photographs.  Treeline has migrated upward since 1928, and 
subalpine meadows have been invaded by subalpine fir and mountain 
hemlock.  Tree establishment in meadows was most successful between 
about 1920 and 1950 and since about 1980.  Ice cover in the park has 
decreased by about 38% (240 km²) since the Little Ice Age maximum, 
with more than half of the wastage having occurred since 1920.  
Glacier recession was greatest between the 1920s and 1950s, with 
average annual recession rates of around 30 m during this period.  
Many glaciers re-advanced up to 300 m between the 1950s and 1970s, 
but all glaciers in the park have receded at least 10 m per year over the 
last 30 years.  Periods of glacier recession thus coincide with periods of 
successful tree germination in meadows.  These periods also broadly 
coincide with changes in the Pacific Decadal Oscillation (PDO): 
positive PDO indices between 1923 and 1946 and since 1977, and a 
negative PDO index between 1946 and 1977.  Changes in the PDO thus 
may have forced environmental change in Garibaldi Provincial Park in 
the last century. 
 
FISSION TRACK AND (U-Th)/He DATING OF DETRITAL AND 
AUTHIGENIC APATITE IN CAMBRIAN STRATA, 
SOUTHERN ISRAEL:  EVIDENCE FOR TIMING OF DEAD 
SEA TRANSFORM MOVEMENT  

KOHN, B.P., b.kohn@unimelb.edu.au, University of Melbourne, 
Melbourne, Victoria, 3010, Australia, WEISSBROD, T., 
Geological Survey of Israel, Jerusalem, 95501, Israel, and 
FARLEY, K.A., California Institute of Technology, Pasadena, 
CA, 91125, USA 

The Dead Sea transform (DST), is a major fracture separating the Sinai 
Subplate and Arabian Plate, which records a total sinistral offset of 
~105 km.  Movement is thought to have occurred mainly during two 
phases; the first commencing in mid-Miocene resulting in displacement 
of ~60 km and the second commencing in the late Miocene/Pliocene 
totalling ~40-45 km.  On the western margin of the DST in southern 
Israel, fluorapatite occurs as rounded detrital grains (D-apatite) and 
authigenic (A-apatite) in Cambrian strata.  The sediments form the 
basal portion of a ~0.5 km thick Paleozoic-Mesozoic clastic sequence 
(Nubian sandstone) overlying Neoproterozoic crystalline basement of 
the Arabo-Nubian massif, which was deposited over an extensive area 
on both sides of the transform.  A-apatites are most commonly 
associated with the uppermost Cambrian strata of a sub-Lower 
Cretaceous unconformity.  They form distinct hexagonal platelets 
typically ranging in size from ~20-400 microns, often display 
undulatory extinction and concentric lamellae, effervesce upon 

dissolution in weak HNO3 and are relatively enriched in U and Th 
(some of these features are characteristic of carbonate-rich apatite).  D- 
and A- apatites are mutually exclusive but may occur within metres of 
each other stratigraphically. 
D-apatites yield fission track (FT) ages between 222-285 Ma with 
confined mean track lengths of ~10-12 microns, and a (U-Th)/He 
(AHe) age of ~47 Ma, parameters which are similar to those found in 
apatites from underlying crystalline basement.  A-apatites yield mid-
Miocene FT ages (~13-15 Ma) with long mean track lengths and an 
AHe age of ~4 Ma.  D-apatite FT data mainly reflect Paleozoic-
Mesozoic sedimentary cycles related to epeirogenic movements at the 
massif margin.  By contrast, A-apatites formed at the time of their FT 
age during the early stage of DST movement.  Their formation resulted 
from fracturing and hydrothermal alteration leading to dissolution of D-
apatites and subsequent intrastratal re-precipitation from a carbonate-
rich solution.  Mid-Miocene chemical remanent magnetic overprinting 
and mineralization reported from nearby Neoproterozoic-Cambrian 
rocks are probably related to the same hydrothermal fluid event, which 
apatite FT and O-isotope data indicate occurred at low temperatures.  
He diffusion measurements on A-apatite are consistent with thermally 
activated volume diffusion with Ea=29.4 kcal/mol and Do/a2=17450 
implying a closure temperature of ~59°C for a cooling rate of 
10°C/Myr.  Hence, AHe data from the A-apatite suggest Pliocene 
cooling of ~35-40°C, during the second phase of DST movement as a 
result of erosion and unroofing following initiation of the Dead Sea 
morphological depression. 
 
OVERVIEW OF GOLD MINERALIZATION, MEGUMA 
TERRANE, NOVA SCOTIA, CANADA:  MULTIPLE 
GENERATION OF MESOTHERMAL SYSTEMS DURING 
TERRANE STABILIZATION  

KONTAK, D.J., HORNE, R.J. and SMITH, P.K., Nova Scotia 
Department of Natural Resources, PO Box 698, Halifax, NS, 
Canada, B3J 2T9 

The Meguma Terrane (MT) of southern Nova Scotia is dominated by 
two lithotectonic units, the Cambro-Ordovician Meguma Group 
metasedimentary rocks and 380 Ma peraluminous South Mountain 
Batholith (SMB), and it has been subjected to a protracted 
deformational history.  The Meguma Group consists of a lower, 
sandstone-dominant and upper siltstone-dominated units that were 
folded (chevron and box fold styles) and metamorphosed (greenschist 
to amphibolite grade) during the Acadian Orogeny at ca. 410 Ma with 
overprinting fabrics related to granitic intrusion (380 Ma) and 
Alleghanian (320 Ma) deformation.  Intrusive activity at 380-370 Ma 
was dominated by crust-derived peraluminous granites (e.g., SMB), but 
lesser amounts of spatially- and temporally-related mafic intrusions 
occur.  Historical gold production from Meguma gold deposits (MGD) 
was from concordant and discordant, qtz-carb-py-aspy veins that 
formed late in the folding history of the host rocks.  Integration of our 
studies suggest that the deposits, which superficially appear very 
similar, were produced over a protracted period (10's Ma) during 
terrane stabilization.  In this regard, the following points are noted: (1) 
MGDs occur throughout the MT irrespective of metamorphic grade, 
stratigraphy, and proximity to intrusions; (2) most vein emplacement 
relates to flexural-shear during fold development, but some veins occur 
in areas overprinted by Alleghanian fabrics; (3) Re/Os and 40Ar/39Ar 
dating indicate vein-forming events at 408 and 380 Ma, temporally 
coincident with regional deformation and plutonism in the MT; (4) 
spatial association of some vein mineralogy (e.g., grt, amph, tur, calcic 
pl) in MGD to proximity to intrusions; (5) some elemental enrichment 
(i.e., Bi, Te, Mo, Sb) that is typical of intrusion-related gold deposits; 
(6) occurrence of aspy-bearing albitites, quartz veins, and qtz-ms-tur-
sulphide greisen swarms (e.g., 260 m long by 120 m wide) that are 
hosted by 380 Ma, reduced, peraluminous granites; and (7) 
disseminated, vein-free Au mineralization in carbonatized host rocks.  
All vein types (i.e., concordant vs. discordant) within and between 
deposits have uniform 18O values and fluid chemistry (i.e., H2O-
CO2±CH4; low salinity).  The observations indicate that multiple 
episodes of gold mineralization occur in the MT, having formed during 
periods of terrane stabilization.  Initial mineralization was during 
amalgamation of the MT with Avalonia and subsequently during 
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granite generation and emplacement, and finally during Alleghanian 
deformation.  The generally similar features of MGDs suggest that 
crustal-scale processes responsible for their formation repeatedly 
generated similar fluids and that there is a continuum between the 
various deposit types, i.e., typical mesothermal and intrusion related. 
 
VOLCANOLOGY AND PETROLOGY OF THE 201 MA NORTH 
MOUNTAIN BASALT, SOUTHERN NOVA SCOTIA, CANADA  

KONTAK, D.J., Nova Scotia Department of Natural Resources, 
PO Box 698, Halifax, NS, B3J 2T9, kontakdj@gov.ns.ca, and 
DOSTAL, J., Department of Geology, St. Mary's University, 
Halifax, NS, B3H 3C3 

The 201 Ma North Mountain Basalt (NMB) of southern Nova Scotia, 
part of the Central Atlantic Magmatic Province (CAMP), forms a 
prominent cuesta along the southern margin of the Bay of Fundy and is 
conformable with a basin fill sequence of underlying (Triassic) and 
overlying (Jurassic) terrestrial sedimentary rocks.  Deposition of the 
400 m thick subaerial sequence of continental tholeiites was rapid (≤ 
0.5 Ma), probably fissure fed, and can be subdivided into lower- (LFU), 
middle- (MFU) and upper-flow (UFU) units based on excellent field 
relationships.  The LFU (≤ 180 m) is a single, massive, medium-
grained, dominantly holocrystalline, ponded flow with well-
development colonnade and complex entablature joint patterns.  Based 
on limited field and drill hole data, it is suggested that the LFU was 
deposited into a faulted-bounded trough thickening northeast.  Within 
the upper part of the LFU occur layers of comb-textured, pyroxene-rich 
(En10Fs78Wo12), mafic pegmatite (≤ 1-2 m) with concordant or 
discordant rhyolite seams (≤ 1-2 cm).  The MFU (≤ 165 m) contains 
multiple (≤ 15-20), thin (≤ 10 m), geometrically-complex flows with 
abundant (≤ 30-50%), zonally arranged, zeolite-bearing amygdules.  
Basal pipe vesicles generally indicate NE-movement.  The UFU (≤ 150 
m), which is not everywhere present, consists of 1 or 2 flows.  This unit 
is massive, has colonnade jointing and generally contains ≤ 30-40% 
mesostasis in a medium-grained, ophitic-textured host.  Within 10-30 
m of its base, the UFU contains segregation pipes (3-60 cm; 4 to 5/m2) 
of intermediate to felsic chemistry that are sometimes cored by agate.  
Whereas field evidence (e.g, stacked lobes, vesicle zonation, flow 
architecture) suggests flows of the MFU inflated, such evidence is 
lacking for the LFU and UFU and, instead, these may represent giant, 
single flows.  Mineralogically, the NMB is dominated by augite (Wo40-

30En60-20Fe10-50), calcic plagioclase (An70-30), equant- to skeletal Fe-Ti 
oxides and trace opx (Wo5En75Fe20) in the LFU.  Variable amounts (to 
30-50%) of mesostasis occurs, with skeletal-textured Fe-rich augite 
(toWo20En10Fe70), plagioclase (An30-60) and Fe-Ti oxide.  Locally, 
abundant (30%) red-brown felsic (74 wt. % SiO2) glass with skeletal 
apatite (≤ 50 m) occurs.  Textural evidence of silicate-liquid 
immiscibility includes the presence of hedenbergite-like pyroxene (35 
wt. % FeO) and Fe-Ti-P - rich spheres in intermediate- to felsic glass.  
Mobilization of the intermediate to felsic, Fe-rich interstitial melt 
probably generated the layered pegmatites and segregation pipes of the 
LFU and UFU, respectively.  Extrapolation of the petrological features 
of the NMB to other continental flood basalt provinces may account for 
similar features (e.g., segregation pipes, rhyolite flows) observed 
elsewhere. 
 
ARCHEAN LAMPROPHYRIC ROCKS OF WAWA:  
DIAMONDS IN A CONVERGENT MARGIN?  

KOPYLOVA, M.G., mkopylov@eos.ubc.ca, LEFEBVRE, N.S., 
DE STEFANO, A., University of British Columbia, Vancouver, 
BC, V6T 1Z4, and KIVI, K., Kennecott Canada Exploration Inc., 
Thunder Bay, ON, P7B 2Y1 

Mafic calc-alkaline rocks of Wawa (Northern Ontario) are dated at 2.67 
- 2.7 Ga and are thus amongst the oldest diamondiferous volcanic rocks 
discovered to date.  Detailed mapping of local outcrops within a ~50 
km2 area (the Band-Ore Resources property) showed that the 
volcanogenic rocks consist of polymict volcaniclastic breccias and 
lamprophyre intrusions.  The breccias occur as thick, 60-110 m 
conformable units traceable in intermittent outcrops along strike for 
more than 4 km.  They are cross-cut by 0.5-3 m thick lamprophyre 
dykes.  The Wawa diamond-bearing volcanic rocks have been 

subsequently recrystallised and deformed in a greenschist facies 
metamorphic event with little evidence of their primary magmatic 
nature preserved.  However, detailed petrography, mineral chemistry, 
and whole rock geochemistry suggest a relationship with a calc-alkaline 
lamprophyric source.  The Wawa lamprophyric magmas formed 
contemporaneously with felsic to mafic volcanic rocks and late 
orogenic intrusives of Cycle 3 of the Michipicoten greenstone belt.  
They were emplaced episodically in local extensional areas, possibly in 
an active Archean subduction zone.  The breccia formed as a 
volcaniclastic deposit and contains fragments of pyroclastic lapilli and 
juvenile material.  Stratigraphy, a wide range in clast lithologies, poor 
sorting, and paucity of sedimentary structures suggests the breccia 
formed in debris flows. 
A suite of 140 macrodiamonds recovered from the volcaniclastic 
breccia is characterized by their morphology, nitrogen content and 
aggregation, cathodoluminsecence (CL) and mineral inclusions.  Sixty 
percent of the diamonds show anomalous yellow, orange and red 
cathodoluminescence colours.  Such cathodoluminescence is observed 
in radioactively damaged carbonado and in CVD diamonds with high 
hydrogen content.  Eight different minerals are found as inclusions in 
the Wawa diamonds, namely olivine, orthopyroxene, omphacite, albite, 
anorthite, apatite and a Fe-Ni sulphide.  These minerals provide 
evidence for at least two different diamond-bearing parageneses, 
eclogitic and peridotitic.  Anomalous CL colours and plagioclase 
inclusions in the diamonds may be related to their origin in a 
subduction tectonic setting.  However, the fact that the Wawa diamond 
population contains predominantly octahedral aggregates, highly and 
non-uniformly resorped crystals, low nitrogen concentrations, and high 
nitrogen aggregation states (>49% Type IaAB) indicative of higher 
mantle residence times or higher mantle residence temperatures, 
suggests the diamonds are unlike those of "orogenic" diamonds formed 
in subduction zones but more typical of xenocrystal cratonic diamonds. 
 
GEOCHEMICAL CHARACTERIZATION OF 
SUBTERRANEAN CO2 STORAGE SITES AND CO2 
SEQUESTRATION USING MICROBEAM-BASED 
TECHNIQUES  

KOTZER, T.G., Canadian Light Source, University of 
Saskatchewan, Saskatoon, SK, S7N 0X4, 
tom.kotzer@lightsource.ca, DUROCHER, K., Carbon and 
Energy Management, Alberta Research Council, Calgary, AB, 
T2L 2A6, and WHITTAKER, S., Saskatchewan Industry and 
Resources, Geological Subsurface Laboratory, Regina, SK, S4N 
4G3 

Geological storage of CO2 is emerging as one of the most promising 
methods of mitigating greenhouse gas emissions to the atmosphere.  In 
Saskatchewan, Canada, as part of the IEA Weyburn CO2 Monitoring 
and Storage Project, supercritical CO2 (~ 20 million t CO2) is being 
injected into a petroleum-producing reservoir.  Geochemical reactions 
between the injected CO2, inherent reservoir fluids, and the reservoir 
rocks are the focus of detailed studies on long-term geological storage 
of anthropogenic CO2. 
In the subsurface, fluid-rock reactions are critical to both the short- and 
long-term fate of injected CO2.  Carbonate-CO2-fluid reactions release 
CO2 whereas silicate-CO2-fluid reactions potentially store CO2 
ionically in the fluid and as newly formed carbonates.  Hence, reactions 
between CO2 and the host rock greatly influence the effectiveness, or 
possible risk, of long-term storage of CO2. 
Fundamental questions exist regarding: 
1)  The significance of pore geometry and connectivity to the 
movement of CO2 and other fluids in the subsurface, 
2)  The impact of petrophysical rock properties on the nature of the 
interactions between CO2 and minerals that line pores, and 
3)  The distribution and mineralogy of finely disseminated silicate 
minerals adjacent to pore-spaces as interaction among these phases and 
CO2 may result in permanent sequestration of CO2. 
Synchrotron-based imaging and conventional spectroscopic techniques 
have been used to address the aforementioned questions.  For instance, 
Computed Microtomography (CMT) has been completed on sections of 
core obtained prior to injected supercritical CO2 to examine properties 

105 



such as porosity and permeability associated with relevant 
microstructures in the storage reservoir.  These results have been 
integrated with electron-probe microanalytical (EPMA), x-ray 
diffraction (XRD) and x-ray fluorescence (XRF) to delineate mineral 
composition and distribution within the pore structures. 
These techniques have facilitated micron-scale delineation of both the 
three dimensional pore space network and distribution of reactive and 
non-reactive mineral phases and the evaluation of mineralogical effects 
that injection of CO2 may induce. 
 
IN-SITU CHARACTERIZATION OF MINERAL INCLUSIONS 
IN DIAMONDS USING SYNCHROTRON X-RAY 
FLUORESCENCE  

KOTZER, T.1, tom.kotzer@lightsource.ca, SITEPU, H.2, 
KOPYLOVA, M.2, QUIRT, D.3 and CUTLER, J.1,  1 Canadian 
Light Source, University of Saskatchewan, Saskatoon, SK, S7N 
OX4;  2 Department of Earth and Ocean Science, University of 
British Columbia, Vancouver, BC, V6T 1Z4;  3 Saskatchewan 
Research Council, 15 Innovation Blvd., Saskatoon, SK, S7N 2X8 

Diamond inclusions are of particular research interest in mantle 
petrology because they provide information about the mineralogy, 
chemical composition, and thermal regime of the ancient Archean-
Proterozoic lithospheric mantle.  The objective of the present work is to 
develop quantitative analytical tools for in-situ identification and 
characterization of mineral inclusions in diamonds using synchrotron-
based microanalytical techniques such as micro-scale X-Ray 
Fluorescence (:-SXRF) and X-ray Absorption Near Edge Structure (:-
XANES) spectroscopy.  Advantages of synchrotron X-ray analysis are 
the non-destructive capabilities, substantial X-ray penetration depth, 
and high X-ray intensity and spatial resolution. 
An initial series of synchrotron :-SXRF analyses of NIST element-
doped glass standards, diamond indicator grains (garnet, Cr-diopside, 
and Cr-spinel), and inclusion-bearing diamonds from South Africa and 
Canada have been completed using the Pacific Northwest Consortium-
Collaborative Access Team (PNC-CAT; 20ID) microprobe beam line 
at the Advanced Photon Source (APS).  The analyses used a beam spot 
size of circa 4:m × 5:m at a photon energy of 11.8 keV.  The 
experiment yielded the first set of 2D high-resolution elemental 
distribution maps of Ti, Cr, Fe, Ni, Cu, and Zn for the diamond grains.  
Inclusions and indicator mineral grains were also analyzed using micro 
XANES spectroscopy at the Cr and Fe K-edge.  The analytical results 
from :-SXRF clearly illustrate the distribution of the diamond 
inclusions, some of which were invisible using optical transmitted-light 
microscopy, inside the diamond host and show distinct chemical 
differences amongst the contained inclusions and diamond grains 
themselves.  This work will deal with the preliminary aspects of this 
research. 
 
STABLE ISOTOPES FROM THE NEOPROTEROZOIC UPPER 
ELEONORE BAY SUPERGROUP AND THE TILLITE GROUP, 
NORTHEAST GREENLAND  

KRISTIANSEN, K., geokasper@stud.ku.dk, BUCHARDT, B., 
University of Copenhagen, Øster Voldgade 10, Denmark, DK-
1350, CHRISTIANSEN, J., Holbaek College of Education, 
Seminarieparken 2, Denmark, DK-4300, HARPER, D.A.T. and 
STOUGE, S., Geological Museum, Øster Voldgade 5-7, 
Denmark, DK-1350 

Neoproterozoic sediments crop out in a N-S trending belt in the fjord 
region of Northeast Greenland.  The succession comprises, in 
ascending order, the Eleonore Bay Supergroup and the Tillite Group.  
The Eleonore Bay Supergroup is thought to be Upper Riphean in age 
and consists of cherty limestone and dolomite capped by red-green-
black siltstone.  The overlying Tillite Group contains two tillite 
packages separated by an intertillite, which comprises marine siltstone 
and sandstone.  The two top formations of the Tillite Group, the 
Canyon and Spiral Creek formations, consist of stromatolitic limestone, 
evaporitic red-green-gray siltstone and some dolomite with 
cherthorizons.  A well-developed unconformity separates the Spiral 
Creek Formation from the basal Cambrian quartzite of the Kløftelv 
Formation, which also marks the upper limit of sampling. 

81 samples were collected from the upper Precambrian succession on 
the island of Ella Ø in Kong Oscars Fjord.  Sampling was focused on 
particular beds, potentially rich in organic material, and 64 samples 
were used for analyses.  A decrease of ~10 ‰ VPDB from a relative 
stable *13C-value of +6 ‰ VPDB in the Eleonore Bay Supergroup to a 
*13C-value of –6 ‰ VPDB in the topmost unit of the Eleonore Bay 
Supergroup occurs.  The isotope values remain stable until deposition 
of the lower tillite deposits of the Tillite Group.  The *13C-value 
increases to -3 ‰ VPDB and the isotope signals within the Tillite 
Group are distinctly different from those of the Eleonore Bay 
Supergroup.  Following deposition of the upper tillite unit the values 
slowly increase to around 0 ‰ VPDB. 
The isotope signal in the Eleonore Bay Supergroup is consistent with 
results obtained from other deposits from the same interval around the 
world.  The decrease in the Tillite Group can be explained by a collapse 
of organic production, perhaps as a result of the drop in temperature.  
This isotope pattern compares well to those of the Elbobreen and 
Wilsonbreen groups on Spitsbergen. 
This study of the upper Precambrian succession in Northeast Greenland 
provides further evidence for the extent of a global glaciation during 
the late Proterozoic.  The variation of the *13C-values in the 
Precambrian deposits on Ella Ø supports the assumption that the tillites 
in Northeast Greenland are of Vendian age and were deposited during 
the Varanger glaciation. 
 
THE AGE ENIGMA IN THE MOON RIVER STRUCTURE AND 
THE PARRY SOUND DOMAIN CONNECTION, GRENVILLE 
PROVINCE  

KROGH, T.E. and KWOK, Y.Y., University of Toronto, 22 
Russell St., Toronto, ON, M5S 3B1, kwok@geology.utoronto.ca 

The 1160 Ma granulite-grade Parry Sound Domain (as defined by 
Davidson and Culshaw) is underlain to the northwest by a 30 degree, 
southeast-dipping, 1-3 km thick tectonic zone that youngs downward 
from 1152-1143-1130 to 1103 Ma (Krogh and Kamo, in progress).  
Within the 80 km long northwest-trending amphibolite grade blunt 
nosed Moon River structure, meta-mafite (3 sites) and boudin 
pegmatite infill (2 sites) up to 10 km to the SE yield 1150 – 1160 Ma 
ages.  In the same area, a definite extensional feature and one other 
infill pegmatite give identical 1100 Ma ages.  At its northern boundary 
a Moon River fabric superimposed on an 1160 Ma footwall granulite is 
dated at 1105 Ma.  In stark contrast, meta-mafite zircons at 3 sites 36, 
44 and 55 km to the SE yield 1050 – 1060 Ma ages and boudin infill at 
5 sites 36, 44, 48, 55 and 60 km SE record the late stages of ductile 
flow at 1050±10 Ma.  In this area, early pegmatites at 27 and 50 km SE 
are dated at 1101 and 1160 Ma reflecting events to the north, but the 
former site also has a late boudin pegmatitic infill with 1036 Ma 
zircons.  In addition, two 1330 – 1400 Ma granitic bodies at 20 and 32 
km SE have zircon overgrowths dated at both 1150 and 1060 – 1070 
Ma.  The 12-Mile Bay Moon River boundary tectonic zone formed 
between 1160 and 1100 Ma but was reactivated and underwent 
extension at 1060-1050 Ma, again reflecting a two-stage history.  
Intrusive ages of 1330-1400 Ma at five sites match those in the Parry 
Sound Domain, but 1050-1060 Ma metamorphism and deformation to 
the south indicates the introduction of new hot material into the 
northern 1400-1460 syn-Parry Sound overthrust regime. 
 
FROM CADOMIAN ACCRETION TO VARISCAN 
COLLISION:  A SYNTHESIS OF THE GEOLOGICAL 
RECORD OF SAXO-THURINGIA  

KRONER, U., TU Bergakademie Freiberg, B. v. Cotta Str.2, D-
09599 Freiberg, Germany, kroner@geo.tu-freiberg.de, 
LINNEMANN, U., Museum of Mineralogy and Geology, 
Königsbrücker Landstr.159, D-01109 Dresden, Germany, and 
ROMER, R., GFZ, Telegrafenberg, D-14473 Potsdam, Germany 

There is a general agreement that the tectonic evolution of the Variscan 
orogen including Saxo-Thuringia was the result of amalgamation of 
microplates between Laurussia and Gondwana.  Nevertheless 
geochronology, geochemistry, petrology, tectonics, sedimentology, 
biostratigraphy and other disciplines of the geosciences have in recent 
years provided a wealth of new data that require a re-interpretation of 
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Saxo-Thuringia and its role in the formation of Variscan Europe.  The 
central statement is: Saxo-Thuringia was never an independently 
drifting micro-plate.  Instead, it was part of Gondwana right up to the 
formation of Pangaea during the Carboniferous.  This zone contains the 
geological record of the Cadomian (c. 570 to 540 Ma) and the Variscan 
orogeny (c. 375 to 330 Ma) that are separated by a period of crustal 
extension and marine sedimentation.  Before the Variscan orogeny, the 
Saxo-Thuringian crust consisted uniformly of a Cadomian basement 
and its Palaeozoic overstep sequences.  Closure of the Rheic Ocean 
started in the Upper Silurian.  The collision partner in the north was 
Laurussia that had combined with Avalonia already earlier.  The active 
continental margin was to the south of Avalonia.  The subduction of the 
Rheic Ocean was NE directed.  The Mid-German Crystalline Zone, 
which borders to the NW of the Saxo-Thuringian Zone, contains 
fragments of this active continental margin between Gondwana to the 
south and Laurussia to the north.  This NE-SW striking zone represents 
a strike-slip suture that separates the Saxo-Thuringian Zone (peri-
Gondwana) from the Rhenohercynian Zone (Avalonia) to the 
northwest.  The contrasting distribution of deformation at the suture 
made that at the same time some areas in Saxo-Thuringia were affected 
by extension, others experienced subsidence and subduction, and even 
others were thrust to an impressively thickened nappe pile.  This 
tectonically contrasting, but synchronous overprint of different parts of 
the Saxo-Thuringian Zone receives its spectacular expression during 
the Lower Carboniferous, when there is sedimentation in marginal 
flysch basins coeval with ultra-high pressure metamorphism in the 
allochthonous units.  The Variscan structural evolution of Saxo-
Thuringia is characterized by two major deformation processes.  
Deformation D1, which started in the Devonian, documents an initial 
NE-SW directed convergence (subduction of Saxo-Thuringian crust).  
All allochthonous units preserved this older increment of deformation.  
The Late-Variscan deformation D2 shows dominantly E-W to NW-SE 
polarity and is associated with post-collisional processes.  Above model 
does not need no complicated history of collision in the sense of an 
Armorican Terrane Assemblage, nor does it require that there were 
several minor oceans present. 
 
MOVEMENT ON THE ASSEAN LAKE AND AIKEN RIVER 
DEFORMATION ZONES OF THE SUPERIOR BOUNDARY 
ZONE, NORTHERN MANITOBA:  STRUCTURAL GEOLOGY, 
GEOCHRONOLOGY AND SOME REGIONAL IMPLICATIONS  

KUIPER, Y.D., ykuiper@uwaterloo.ca, and LIN, S., 
shoufa@uwaterloo.ca, Department of Earth Sciences, University 
of Waterloo, Waterloo, ON, N2L 3G1 

The Superior Boundary Zone in northern Manitoba separates the 
Neoarchean Pikwitonei Granulite Domain of the Superior Province to 
the southeast from the Paleoproterozoic amphibolite-grade Kisseynew 
Domain of the Trans-Hudson Orogen to the northwest.  The Split Lake 
Block is part of the Pikwitonei Granulite Domain and is bounded by the 
Assean Lake deformation zone to the north and the Aiken River 
deformation zone to the south.  A Mesoarchean (pre-3.0 Ga) slice of 
crustal material (Assean Lake Crustal Complex) exists north of the 
Assean Lake deformation zone. 
Metamorphism reached granulite facies in the Split Lake Block and 
amphibolite facies in the Assean Lake Crustal Complex.  
Metamorphism in the Pikwitonei Granulite Domain reached granulite 
facies, except for the northern edge where only amphibolite-facies 
conditions were recognized.  All three domains plus the Assean Lake 
and Aiken River deformation zones experienced retrograde greenschist-
facies conditions. 
Movement was dextral, southeast-side-up on the Assean Lake 
deformation zone and dextral, north-side-up on the Aiken River 
deformation zone, which caused uplift of the Split Lake Block.  Uplift 
explains exposure of rocks in the Split Lake Block with metamorphic 
grades that are higher than those of surrounding rocks.  The latest 
movement on the two deformation zones occurred under greenschist-
facies metamorphic conditions. 
An aplite in the Assean Lake deformation zone is folded by sheath 
folds, which are interpreted as being a result of the dextral, southeast-
side-up shear movement.  The U-Pb age of the aplite is interpreted as 
~1.84 Ga, implying that part of the dextral, southeast-side-up 

movement is younger than ~1.84 Ga.  The Aiken River deformation 
zone is deformed and crosscut by the Assean Lake deformation zone.  
Therefore the Assean Lake deformation zone is interpreted as having 
been active until a later time than the Aiken River deformation zone.  
The possibility exists that the deformation zones were also active at an 
earlier time, e.g. in the Neoarchean. 
 
DEEP-MANTLE DERIVED, DIAMOND-BEARING, ARCHEAN 
VOLCANOGENIC ROCKS FROM WAWA, ONTARIO  

KURSZLAUKIS, S., De Beers Canada Inc., Exploration 
Division, 1 William Morgan Drive, Toronto, ON, M4H 1N6, 
stephan.kurszlaukis@ca.debeersgroup.com, WALKER, E.C., 
Petrologic Inc., P.O. Box 41, Lakefield, ON, K0L 2H0 and 
STACHEL, T., University of Alberta, Earth and Atmospheric 
Sciences, Edmonton, AB, T6G 2E3 

Previous studies indiscriminately characterized the Archean 
diamondiferous rocks north of Wawa as lamprophyre dykes.  Our study 
shows that the volcanogenic rocks can be grouped into four phases of 
volcanic activity (based on radiometric age dating and stratigraphic 
control), with the oldest phase comprising the most primitive 
compositions as well as the highest diamond grades.  This oldest phase 
of volcanogenic rocks originated from deeper mantle sources than the 
lamprophyres sensu stricto which occur in the same area and were 
emplaced during the youngest phase of volcanic activity. 
All volcanogenic rocks show a greenschist facies metamorphic 
overprint which impedes petrographic identification of the protoliths.  
The diamondiferous rocks of the first volcanic phase were deposited by 
mass flows in a subaqueous environment and the deposits are mostly 
stratiform in character.  However, the presence of juvenile pyroclasts 
indicates that these deposits were originally pyroclastic in nature.  
Deposition was either synsedimentary with background sedimentation 
or occurred during hiatuses. 
Whole rock analyses of compatible and incompatible elements are 
indicative of mantle-related magmatic rocks.  Rare earth element 
patterns are interpreted to suggest intermediate degrees of partial 
melting falling in between kimberlites and komatiites followed by 
fractionation of olivine during ascent. 
A limited number of indicator minerals have been recovered from the 
older volcanogenic deposits.  Garnet compositions imply a high ratio of 
lherzolitic to harzburgitic mantle xenocrysts and ilmenite compositions 
indicate reducing mantle conditions.  The spinel population comprises 
both high-MgO mantle xenocrysts and phenocrysts.  Olivine, pyrope 
garnet, pyroxene and Mg-chromite have been identified as inclusions in 
diamonds, indicating a “normal” lithospheric peridotitic source.  
Several pyrope garnet inclusions contain a small majorite component, 
suggesting, by inference, a depth of origin for the diamondiferous 
magma in excess of 250 km. 
Both the data on inclusions in diamonds and the geochemical 
characteristics suggest magma genesis at depths greater than that for 
conventional lamprophyres sensu stricto.  Magma generation may 
possibly relate to a subduction setting, although hard evidence for such 
a scenario has not yet been found.  Available data alternatively suggest 
a mantle plume/diapir event, which during polybaric melting and 
subsequent fractionation may have generated a range of magma 
compositions. 
 
CRYSTAL CHEMICAL EFFECTS ON THE FRACTIONATION 
OF ISOTOPES  

KYSER, K., Department of Geological Sciences and Geological 
Engineering, Queen's University, Kingston, ON, K7L 3N6, 
kyser@geol.queensu.ca 

Fractionation of the isotopes of an element between any two phases 
depends on the relative bonding environment of that element in each 
phase.  As a consequence, substitution of various elements in crystals, 
distinct crystal chemical sites and dissolved salts in aqueous fluids can 
affect the disproportionation of isotopes among minerals and fluids.  
For example, substitution of Fe for Mg or Al in minerals such as 
chlorite can result in different fractionation factors for H and O isotopes 
in the system chlorite-water.  Cations such as Mg+2 that significantly 
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affect the structure of water should produce mineral-fluid fractionations 
for O and H isotopes that are different from mineral-water 
fractionations.  In micas, the octahedral environment for the OH groups 
can be distinct and this can be used to estimate the fractionation of H 
isotopes in the system mica-water for micas having different crystal 
chemistries.  In addition, substitution of F for OH is site specific and 
could theoretically affect the fractionation of H isotopes between the 
mica and water.  Experimental and empirical results in various mineral-
fluid systems will be compared with theoretical predictions to assess 
whether crystal chemistry do affect the fractionation of isotopes in 
natural systems. 
 
DEVIL PIKE BROOK:  A MINERAL OCCURRENCE WITHIN 
THE SILURIAN MASCARENE BELT OF SOUTH-CENTRAL 
NEW BRUNSWICK  

LAFONTAINE, J.1, jonathan.lafontaine@unb.ca, THORNE, 
K.G.2 and LENTZ, D.R.1,  1 Geology Dept., University of New 
Brunswick, P.O. Box 4400, Fredericton, NB, E3B 5A3,  2 

Geological Surveys Branch, NBDNR, PO Box 6000, Fredericton, 
NB, E3B 5H1 

The Devil Pike Brook occurrence, located east of the Saint John River 
in south-central New Brunswick, is a gold-bearing quartz-carbonate 
vein system.  It is hosted within a package of greenschist-grade mafic 
volcanic rocks composed of basalts, pillowed basalt, tuff, and 
hyaloclastite of the Grant Brook Formation (Mascarene Group).  The 
quartz-carbonate veins are structurally controlled, generally north-
trending, consistent with localized intense foliation and yet oblique to 
the regional NE structural trend.  The occurrence is located 
approximately 500 m south of the northeast-trending, subvertical, 
transcurrent Taylor Brook Fault that separates the Early Silurian 
Mascarene Group to the south (including the Long Reach, Grant Brook, 
and Henderson Brook formations) from the volcanic and sedimentary 
rocks of the Late Cambrian to Early Ordovician Annidale Group to the 
north.  A locally outcropping, younger (?), potassium feldspar-bearing 
leucogabbroic unit is found on the property and throughout the 
surrounding areas. 
Fosters Resources conducted three major drilling campaigns between 
1994 and 1996 (59 drill holes) and have defined three mineralized 
zones: “Baxter”, “16”, and “Boyd” from north to south, respectively.  
The Boyd Zone is the most significantly mineralized.  A 15 cm long 
channel sample across a quartz-carbonate vein exposed at the discovery 
trench (Baxter Zone) contained 47 ppm gold and resampling of quartz-
carbonate veins in drill core from the Boyd Zone has confirmed gold 
concentrations in excess of 80 ppm (2 samples of 25 and 30 cm in 
length).  Quartz textures observed in polished hand samples include 
anhedral buck quartz and brecciation (both infill and aggregate), in 
association with numerous recrystallized quartz veinlets, which are 
analogous to other greenstone-hosted gold-bearing quartz vein deposits.  
The gold content appears to be locally elevated near the brecciated 
zones, which is also consistent with other mesothermal gold-bearing 
quartz veins.  Associated sulphide minerals identified include abundant 
pyrite, lesser chalcopyrite and reported minor sphalerite and trace 
arsenopyrite.  Multielement lithogeochemical logarithmic results on 37 
samples (19 samples from 15 drill holes in 3 zones and 18 samples 
from one outcropping quartz vein) indicate a positive Pearson’s product 
correlation coefficient (r) between gold and silver (r = 0.88), copper (r 
= 0.83), tellurium (r = 0.74), arsenic (r = 0.72), and sulphur (r = 0.72).  
Average sulphur and arsenic content in the 15 mineralized samples is 
approximately 4 wt% and 304 ppm, respectively.  The proportions of 
gold, silver, nickel, copper, zinc, lead, and tin in the occurrence are 
comparable to other greenstone-hosted, gold-quartz deposits. 
 
A REAPPRAISAL OF SYN- AND POST-IMPACT 
STRUCTURES SURROUNDING THE SUDBURY IMPACT 
STRUCTURE  

LAFRANCE, B., BAILEY, J. and LEGAULT, D., Mineral 
Exploration Research Centre, Dept. of Earth Sciences, Laurentian 
University, Sudbury, ON, P3E 2C6, 
blafrance@nickel.laurentian.ca 

The ca. 1.85 Ga Sudbury impact structure straddles the boundary 
between the Archean Superior Province and the Paleoproterozoic 
Southern Province.  It consists of a crystallized impact melt sheet 
(Sudbury Igneous Complex, SIC), concentric and radial dioritic dykes 
that extend from the SIC into the impacted rocks, and suevitic breccias 
and fall-back breccias of the Onaping Formation, which directly overlie 
the SIC.  The most conspicuous, outcrop-scale, impact-related 
structures are shatter cones and large irregular bodies of Sudbury 
Breccia.  These structures are superimposed on pre-impact Kenorean 
structures in the Superior Province and on Blezardian to Early 
Penokean structures in the Southern Province.  They are overprinted by 
post-impact regional folds and reverse shear zones of the South Range 
Shear Zone system along the south rim of the Sudbury impact structure. 
Because of its apparent annular distribution around the SIC, the 
Sudbury Breccia is interpreted as a pseudotachylitic breccia that formed 
during frictional melting along rim-collapse normal superfaults during 
gravity-driven modification of the impact crater.  We mapped the 
distribution of the Sudbury Breccia and the orientation of Archean 
structures in the Archean Levack gneiss complex along the north rim of 
the SIC.  Archean ductile structures in the Levack gneiss can be 
grouped into three generations of folds and foliations that have 
consistent orientation patterns across the map area.  The Sudbury 
Breccia increases in abundance towards the SIC contact but otherwise 
shows no concentric concentration nor does it coincide with major 
contact-parallel fault planes.  Clast or fragments in the breccia are 
derived from the rocks hosting the breccia, suggesting that the breccia 
formed by in situ milling and comminution of the host rocks.  These 
observations suggest that the breccia bodies did not originate along 
superfaults but rather formed by in situ frictional melting of the Levack 
gneiss during the excavation and uplift of the transient crater floor as 
coherent blocks that were bounded and transected by fractures. 
The post-impact South Range Shear Zone system has traditionally been 
attributed to the Penokean orogeny.  A major reverse South Range 
shear zone offsets the base of the SIC at the Thayer Lindsley nickel 
mine.  U-Pb dating of syn-shearing titanites from this shear zone 
indicates that post-impact deformation of the Sudbury impact structure 
occurred during a younger 1.7 – 1.6 Ga orogenic event that can be 
traced from the southwest U.S.A. (Mazatzal Orogeny) to Labrador 
(Labradorian Orogeny). 
 
PARTITIONING BELOWGROUND RESPIRATION IN A 
FOREST SOIL  

LALONDE, R. and PRESCOTT, C., Forest Sciences Centre, 
University of British Columbia, Vancouver, BC, V6T 1Z4, 
rlalonde@interchange.ubc.ca 

We partitioned belowground respiration to estimate a portion of CO2 
originating from heterotrophic and rhizospheric organisms.  As part of 
the Fluxnet Canada program, we investigated heterotrophic and 
rhizospheric respiration rates at a 56-year old Douglas-fir forest on 
Vancouver Island, British Columbia.  We used a root exclusion 
technique with fifty cylinders, 10 cm diameter by 50 cm in length, with 
large windows cut out on either side.  Half of the cylinders had a 0.5 
:m nylon mesh attached to these windows to create as a barrier against 
roots and hyphae.  The cylinders were then installed extending to below 
the root zone (~40 cm).  These cylinders provided a measure of 
heterotrophic respiration; rhizospheric respiration was calculated as the 
difference between the open and mesh cylinders.  Preliminary results 
indicate that heterotrophic organisms are the dominant producers of 
carbon dioxide during warmer months (June-Sept), while rhizospheric 
organisms dominate during the spring and fall (May, Oct.).  Soil 
samples were collected adjacent to the cylinders between May and 
Sept., 2004.  We are currently characterizing these microbial 
communities at each depth and time using phospholipid fatty acid 
analysis. 
 
EVALUATION OF THE FAVORABILITY FOR VMS 
DEPOSITS IN THE ABITIBI AREA WITH AN EMPIRICALLY-
WEIGHTED FUZZY LOGIC TECHNIQUE  

LAMOTHE, D., Géologie Québec, 5700 4ème ave. O, 
Charlesbourg, QC, G1H 6R1, Canada, 
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daniel.lamothe@mrnfp.gouv.qc.ca, and HARRIS, J.R., 
Geological Survey of Canada, 615 Booth St., Ottawa, ON, K1A 
0E9, Canada, harris@nrcan.gc.ca 

A favorability map of the Abitibi area displaying the potential for VMS 
deposits has been created using a Geographic Information System.  The 
model incorporates 27 different parameters extracted from geological, 
geochemical and geophysical databases.  Using a set of 58 past and 
present VMS mines, the Weights of Evidence (WofE) data-driven 
technique is used to calibrate each parameter's weight, which is 
converted into a fuzzy value membership.  A fuzzy logic method is 
then applied to combine blocks of parameters following an inference 
net guidelines. 
The resulting favorability map is highly predictive as over 90% of the 
Abitibi VMS producers fall into the top 1% of the favorability value.  A 
threshold value of high favorability has been used to define specific 
exploration targets in unclaimed areas. 
 
MODELLING EPHEMERAL GULLY EROSION USING 
TOPOGRAPHICAL THRESHOLDS IN AN ALGERIAN 
WATERSHED  

LANGLOIS, J., PARENT, G., BRIN, G., ROY, P. and 
TICHOUX, H., Tecsult Inc., 85 Ste-Catherine Ouest, Montreal, 
QC, H2X 3P4, jacques.langlois@tecsult.com 

Ephemeral gully is an important erosion process in Algeria.  In other 
countries, it was found that an ephemeral gully is formed when a 
threshold value of the shear stress indicator is exceeded.  The value of 
this threshold is not fixed but rather based on an inverse relationship 
between the drainage area and local slope (S = aA-b).  Very few studies 
have looked closely at the effect of geology and vegetation on this 
relationship in the Algerian environment.  The objectives of this study 
were to investigate the influence of local land properties on the 
threshold relationships and to test if these relationships can be used to 
predict gully location at the watershed scale. 
A study was performed in the Damous watershed (482 km2) situated 
~135 km West of Alger (Algeria).  Aerial photographs were used to 
delineate areas with gully incisions which were digitised afterward.  
Topographic and geological maps were also digitized (few soil maps 
exist in Algeria) and vegetative cover was determined using satellite 
pictures (Landsat TM).  On one subwatershed, the digitized gully areas 
as well as geological and vegetation layers were combined in the GIS 
in order to identify a variety of sites for field survey.  At each site, the 
location of the gully head was determined with a GPS and transferred 
into the GIS.  For each gully, the slope gradient and drainage area were 
derived from a Digital Elevation Model (DEM).  The values of the a 
and b coefficients of the relationship S = aA-b were calculated using 
major axis analyses for each combination of geology and vegetation 
types.  These threshold relationships were then tested on a second 
subwatershed by indexing them in the GIS with the DEM, geology and 
vegetation cover layers.  Finally, predicted gully incision location was 
qualitatively compared with those observed on the aerial photographs. 
The results showed that the values of the value of a and b coefficients 
were different from values of other Mediterranean countries and that 
they are indeed influenced by local geological and vegetation features.  
Finally, the performance of the model on the location of gully incision 
on the second watershed is discussed. 
 
MAGMAS TO MASSIVE SULFIDES:  AN AUSTRALIAN 
PERSPECTIVE  

LARGE, R.R., CODES, University of Tasmania, Private Bag 79, 
Hobart, Tasmania, 7001, Australia, Ross.Large@utas.edu.au 

The controversy concerning the involvement of magmas in the genesis 
of seafloor massive sulfides has been debated in Australia, as elsewhere 
for the past 50 years, since it was first recognised that these deposits are 
syngenetic and related to volcanic-magmatic processes.  However the 
precise nature of magma involvement has yet to be agreed; are they 
simply heat engines driving convective seawater flow through the 
volcanic source rocks, or do they supply magmatic fluids carrying the 
critical metals that go to make these marvellous ore deposits? 

In many submarine volcanic belts, such as the Mt Read Volcanics in 
western Tasmania and the Mt Windsor Volcanics in eastern 
Queensland there is a spectrum of VHMS deposits from Cu-Au to Cu-
Au-Zn-Pb-Ag to Zn-Pb-Ag-Au-Mn-Ba types.  Recent research suggests 
that the Cu-Au massive sulfide deposits such as Mt Lyell, Mt Morgan 
and Highway-Reward may have a significant contribution of magmatic 
fluid in their genesis.  These deposits form principally by sub-seafloor 
replacement, at temperatures commonly above 300°C, from relatively 
oxidised moderate to low pH fluids.  Their volcanic facies suggest 
proximity to a volcanic centre.  They may be regarded as the volcanic 
sub-seafloor massive sulfide expression of a submarine porphyry 
copper system. 
Zn-Pb-Ag-Au-Mn-Ba VHMS deposits such as Rosebery and Liontown 
have formed in distal volcanic/volcaniclastic environments, probably 
from lower temperature (150 to 280°C), near neutral pH, reduced 
fluids.  Under these circumstances it is difficult to determine whether 
magmatic fluids were involved in ore genesis.  Convective seawater 
most probably dominated these lower temperature systems to the 
exclusion of a magmatic signature.  Numerical fluid flow and chemical 
modelling suggests that magmatic intrusions are important in driving 
these hydrothermal systems but there is no requirement for magmatic 
fluid or metal input. 
To summarise, based on our Australian research, there is a spectrum of 
VHMS deposits from Cu-Au massive replacement deposits with a 
possible significant magmatic fluid and metal input, to more distal 
stratiform Zn-Pb-Ag-Au-Mn-Ba deposits which form principally by 
seawater convection and metal leaching from the volcanic pile and 
basement rocks. 
I would like to acknowledge the contribution of many current and past 
CODES researchers to this presentation; in particular, Bruce Gemmell, 
Mike Solomon, Khin Zaw, Dima Kamenetsky, Garry Davidson, David 
Huston, Christian Schardt and Kim Denwer. 
 
NON-SULPHIDE HYPOGENE ZINC MINERALIZATION IN 
THE MESOPROTEROZOIC GRENVILLE SUPERGROUP 
MARBLES OF THE BRYSON-RENFREW REGION (QC AND 
ONT), CANADIAN SHIELD  

LARIVIÈRE, J-F., lariviere.jean-francois@courrier.uqam.ca, and 
GAUTHIER, M., gauthier.michel@uqam.ca, Department of Earth 
Sciences, University of Québec at Montreal, C.P.8888, succ. 
Centre-Ville, Montreal, QC, H3C 3P8, Canada 

The continuous need for low-cost base-metals resources and the 
changing environmental constraints have a direct impact on zinc 
exploration strategy.  Environmentally-friendly non-sulphide zinc 
deposits will be favored relatively to conventional sulphide ones.  The 
world-largest hypogene non-sulphide zinc deposits are Franklin and 
Sterling Hill (N.J.).  They are hosted by Mesoproterozoic Grenville 
marbles outcropping in Appalachian uplifted terranes.  In Canada, 
Grenville Supergroup marbles of the Mont-Laurier basin present the 
same characteristics than those from New Jersey.  Furthermore non-
sulphide zinc occurrences have been located in it.  Thus, it affords a 
unique opportunity to study these non-conventional deposits.  The 
Bryson area, where these occur, is located 60 km west of Ottawa.  
DIVEX fieldworks unraveled zincian magnetites and zincian silicates 
in dolomitic marbles.  Ore-microscopy revealed the zincian content of 
magnetite is related to dendritic exsolutions of wurtzite, a low 
temperature polymorph of sphalerite.  X-ray diffraction and microprobe 
analysis revealed that the zincian silicate is a serpentine containing up 
to 2% weight ZnO.  Other zincian serpentine nodules present fine 
inclusions of zincian pyrophanite ((Fe,Mg,Zn,Mn)TiO3), a rare zincian 
ilmenite also known to occur in the Franklin-Sterling Hill camp.  
Bryson pyrophanite contains up to 12% weight ZnO.  In non-zincian 
serpentine nodules pyrophanite may also occur, but in that case it 
occurs as non-zincian exsolutions in a few relics of a zincian spinel.  
This pyrophanite-bearing spinel has an intermediate composition 
between geikielite and gahnite end-members. 
In a few localities in the world, especially in the Franklin-Sterling Hill 
district, wurtzite dendritic exsolutions have been described in spinel of 
the magnetite-franklinite solid-solution where they have been 
interpreted to be an indication of retrograde destabilization of granulite-
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facies franklinite.  Willemite (Zn2SiO4), the main ore-mineral in the 
Franklin-Sterling Hill granulite-facies deposits, has the same general 
formula as olivine ((Mg,Fe)2SiO4), except the dominant cation is zinc 
instead of iron or magnesium.  The alteration of willemite results in a 
serpentine-type product during retrograde metamorphism. 
The presence of wurtzite exsolutions in magnetite and of zincian 
serpentine suggest that the Bryson occurrences are a retrograded 
equivalent of granulite-facies non-sulphide zinc deposits such as those 
which constitutes the Franklin-Sterling Hill ore.  A SEDEX-type zinc 
sulphide deposit is known to occur in the same marble belt 30 
kilometers south of Bryson (e.g. Cadieux deposits, Renfrew, ON).  
Thus, the Bryson-Renfrew region presents a unique opportunity to 
study the transition between conventional sulphide deposits with 
unconventional non-sulphide zinc deposits in a SEDEX environment. 
 
FROM ONE SUPERCONTINENT TO THE OTHER:  A STORY 
OF BIRTH AND DEATH OF ANCIENT OCEANS PRESERVED 
IN THE CANADIAN APPALACHIANS  

LAVOIE, D., Geological Survey of Canada - Québec Division, 
490 rue de la Couronne, Québec City, QC, G1K 9A9, Canada, 
delavoie@nrcan.gc.ca, VAN STAAL, C.R., Geological Survey of 
Canada - Continental Geoscience Division, 601 Booth Street, 
Ottawa, ON, K1A 0E9, Canada, and BARR, S.M., Department of 
Geology, Acadia University, Wolfville, NS, B4P 2R6, Canada 

The Appalachian Orogen resulted from the opening and closure of the 
Iapetus and Rheiic oceans.  The Iapetus Ocean formed after the 
Neoproterozoic (620-570 Ma) break-up of the supercontinent Rodinia.  
The break-up resulted in the formation of new continents, such as the 
proto-North American continent (Laurentia) and Gondwana, and a 
number of smaller microcontinents.  Iapetus widened into a large ocean 
during Laurentia’s rapid northerly drift to low southerly latitudes before 
the Cambrian.  The Rheiic Ocean formed after the Early Ordovician 
separation of Avalonia from Gondwana.  The closure of the both 
oceans is recorded in various episodes of progressive accretion of 
exotic rocks to Laurentia’s Appalachian margin.  The Appalachian 
Orogen was linked at that time with the Caledonide Orogen of Europe 
and later detached from North America at the opening of the North 
Atlantic Ocean. 
During the Early Cambrian, an Atlantic-style passive margin was 
established along Laurentia’s paleo-southern margin.  Locally this 
margin faced microcontinental slivers (e.g. Dashwoods) instead of an 
open ocean.  At around 490 Ma (latest Cambrian), Laurentia’s margin 
evolved into a Pacific-type margin with the development of a 
subduction zone and the accretion of the Dashwoods microcontinent 
and oceanic terranes between 475 Ma (late Arenig) and 450 Ma (Late 
Caradoc), defining the Ordovician Taconic Orogeny.  Continued 
convergence between Laurentia and peri-Gondwanan terranes in 
Iapetus resulted in the docking of the far-travelled Ganderia at around 
430 Ma (Early Silurian), causing the Salinic Orogeny accompanied by 
little deformation in some syntectonic marine basins (e.g. Gaspé Belt).  
From around 420 Ma to 400 Ma (Late Silurian to Early Devonian), 
Avalonia began to collide (Acadian Orogeny) with Laurentia, causing 
the Acadian Orogeny with major deformation of composite Laurentia 
near the collision zone. Deformation generally became weaker towards 
the Laurentian hinterland.  The collision between Avalonia and 
Laurentia closed the Iapetus Ocean.  The most outboard Meguma 
microcontinent began to collide with Laurentia at approximately 395 
Ma (late early Devonian) causing the Neoacadian Orogeny, which 
lasted until the Early Carboniferous. 
The final accretion event occurred between 360 Ma to 250 Ma as 
Gondwana progressively converged and started to interact with 
Laurentia.  This process was accompanied by the formation on 
Laurentia’s accreted margin of intermontane tectonic basins (e.g. the 
Maritimes Basin) with rare marine incursion.  The closure of the Rheiic 
Ocean and final docking of Gondwana to Laurentia likely occurred at 
around 250 Ma (late Permian; Alleghanian Orogeny) and resulted in 
the formation of the supercontinent Pangea. 
 

THE LOWER PALEOZOIC BASINS IN EASTERN CANADA:  
UNDEREXPLORED AND UNDEREVALUATED FRONTIER 
BASINS  

LAVOIE, D., Geological Survey of Canada - Québec Division, 
Québec City, QC, G1K 9A9, delavoie@nrcan.gc.ca 

The Cambrian to Middle Devonian successions at the continental 
margin of Laurentia consist of largely underexplored marine to 
continental sediments deposited during alternating passive margin and 
foreland basin episodes.  Two significant orogenic pulses, the Middle-
Upper Ordovician Taconian Orogeny and the Late Silurian-Middle 
Devonian Salinian-Acadian event controlled tectono-sedimentary 
patterns.  The hydrocarbon prospective domains of the Lower 
Paleozoic continental margin consist of the St. Lawrence Platform, the 
Taconian Humber Zone and the Acadian Gaspé Belt. 
Good hydrocarbon source rocks are found in the Upper Ordovician 
foreland basin shales of the St. Lawrence Platform (TOC up to 14%), in 
the Middle Ordovician oceanic shales of the Dunnage Zone (TOC up to 
10.7%) and in the Lower Ordovician passive margin shales of the 
Humber Zone (TOC up to 10.4%).  Fair hydrocarbon source rocks are 
found in Lower Devonian foreland basin limestones and coals of the 
Gaspé Belt (TOC up to 2% and 14%, respectively). 
Primary and secondary potential clastic reservoirs are found in 
Cambrian-Ordovician, passive margin and foreland basin, coarse 
sandstone and conglomerate slope facies and in Silurian-Devonian, 
nearshore sandstones.  The potential for secondary carbonate reservoirs 
is recognized in hydrothermally-altered carbonates (HTD) of: 1) Lower 
to Upper Ordovician, passive margin and foreland basin, and 2) Lower 
Silurian and 3) Lower Devonian foreland basins.  Potential for HTD in 
Upper Silurian to lowermost Devonian reefal complexes is also 
envisaged. 
Traps and seals are multiple and include various stratigraphic (pinch-
out, impermeable layers and unconformities), tectonic (fault closures, 
anticlines, duplexes and triangle zones) and diagenetic (HTD) types. 
Maturation suggests that the Cambrian-Ordovician St. Lawrence 
Platform has a gas (southern Québec) to oil (western Newfoundland) 
potential; the coeval Humber Zone has a gas (Québec) to gas and oil 
(western Newfoundland) potential.  The Late Ordovician to Middle 
Devonian Gaspé Belt has both gas to oil potential. 
Correlation of chemical and isotopic fingerprints of source rock 
extracts and oils from wells in the Silurian-Devonian Gaspé Belt 
indicate that Ordovician source rock(s) likely fed the known 
accumulations.  This supports the documented hydrocarbon migration 
events in Early Silurian time, Lower Devonian source rocks could also 
have played some role at specific localities. 
 
HYDROTHERMAL DOLOMITE RESERVOIRS IN EASTERN 
CANADA:  A NEW EXPLORATION TARGET IN PALEOZOIC 
CARBONATES  

LAVOIE, D., Natural Resources Canada, Geological Survey of 
Canada - Québec Division, 490 de la Couronne, Québec City, 
QC, G1K 9A9, Canada, delavoie@nrcan.gc.ca 

Prolific, hydrothermally altered carbonate reservoirs are known in 
Ordovician successions in the midwest United States, southern 
Appalachians, New York and in southern Ontario.  The hydrothermal 
dolomite (HTD) play is, however, underexplored in Paleozoic units of 
eastern Canada.  Critical elements for the recognition of HTD can be 
regrouped in field (early fractures, breccia, dissolution and collapse) or 
chemical-diagenetic (pervasive dolomitisation, high temperature saddle 
dolomite, sulphates) evidence.  The Ordovician to Devonian carbonates 
from the Appalachian and St. Lawrence Platform basins in eastern 
Canada offer good evidence for significant development of that type of 
reservoir. 
Lower Ordovician passive margin carbonates (Beekmantown and St. 
George groups and Romaine Formation) occur in the St. Lawrence 
Platform or as detached tectonic slices in the Humber Zone of the 
frontal Appalachian domain.  The carbonates are locally pervasively 
dolomitized and significantly porous.  Abundant saddle dolomite 
cements are found in collapse segments of brecciated/fractured units.  
The giant Ellenburger and Arbuckle fields in the southeastern US are 
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hosted in these Lower Ordovician carbonates.  The Lower Ordovician 
HTD in eastern Canada has a proven record of hydrocarbon production, 
a significant oil pool has been discovered in western Newfoundland 
and 5.7 Bcf of natural gas was produced from 1980 to 1994 in southern 
Québec. 
Middle to Upper Ordovician foreland ramp carbonates (Black River 
and Trenton groups, Mingan Formation and Table Head Group) are 
locally affected by early hydrothermal alteration of limestone facies 
with dissolution-collapse, pervasive dolomitization and saddle 
dolomite.  This interval is highly productive in the US midwest and 
New York (Albion-Scipio and Fingers Lake).  Significant, although 
sub-economic, gas accumulations are reported in the southern Québec 
St. Lawrence Platform. 
Lower Silurian ramp carbonates (Sayabec and La Vieille formations) 
are characterized by dissolution-collapse, pervasive and saddle 
dolomites in both northern Gaspé and southern Gaspé/northern New 
Brunswick.  Abundant bitumen is seen in open pore space and seismic 
flat spots are recognized at that seismostratigraphic interval in western 
Gaspé Peninsula.  The Lower Silurian Lockport Dolomite in Ontario is 
an HTD hydrocarbon producer. 
Finally, Lower Devonian outer shelf limestones (Upper Gaspé 
Limestones) are locally characterized by significant saddle dolomite-
filled fractures and dolomitic breccias.  The giant Slave Point 
Formation (e.g, the 700 BCF Ladyfern) is a major Devonian HTD play.  
Natural gas production in eastern Gaspé (Galt field) is related to an 
intense fracture-brecciated interval with some saddle dolomite cements. 
 
DETERMINATION OF INTEGRATED TEMPERATURE-TIME 
HISTORIES OF THERMAL PULSES FROM DIFFUSION 
PROFILES IN MINERALS  

LEE, J.K.W. and CAMACHO, A., Department of Geological 
Sciences and Geological Engineering, Queen’s University, 
Kingston, ON, K7L 3N6, lee@geol.queensu.ca 

The crust is commonly affected by thermal pulses, where the rocks are 
subjected to elevated temperatures for relatively short periods of time, 
e.g. dyke injection, heat advection by hot fluids, frictional heating, etc.  
Although geothermometry can generally provide an estimate of the 
thermal conditions attained by the rocks that have been transformed by 
the pulse, it has been much more difficult to estimate the DURATION 
of the thermal pulse, and hence, the resultant thermal (T-t) history that 
the rocks have experienced. 
We present a new and powerful method of determining the integrated 
temperature and duration of such thermal pulses using microanalytical 
techniques coupled with solid-state diffusion theory.  By using the 
concept of the mean diffusion distance (x-bar) [defined as the average 
distance that a diffusing solute species (atom, molecule, etc.) migrates 
over a certain time t at a certain temperature T], we show there is a 
single curve corresponding to a particular x-bar.  The determination of 
two different mean diffusion distances in the same rock will 
consequently produce two different T-t curves; significantly, the 
intersection of these two curves will yield the unique T-t pair reflecting 
the integrated T-t conditions experienced by the rock. 
This method can be used in ANY situation where at least two different 
diffusion profiles exist.  One possible situation involves measuring 
concentration gradients of only a single diffusing species, which has a 
different diffusivity in at least two different minerals in the same rock.  
Alternatively, concentration gradients of two different diffusing species 
can also be measured within a single mineral.  The underlying concept 
in both approaches is that the two measured diffusion profiles will, in 
combination, uniquely determine the integrated T-t history of the rock.  
If diffusion profiles representative of more than two different 
diffusivities can be measured, these will place additional constraints on 
the T-t history of the thermal pulse and may allow for the calculation of 
a “best-fit” T-t history and corresponding uncertainties. 
We have successfully used this method to tightly constrain the flow of 
hot fluids in shear zones in the lower crust of Norway (Bergen Arcs) to 
be of very short duration (kyrs).  Using this result, we were 
subsequently able to determine the overall duration of an entire 
orogenic cycle (subduction and exhumation).  Consequently, this 

method has widespread applicability in elucidating the geological 
histories of any rocks which have experienced thermal pulses. 
 
FORMATION OF HIGH GRADE MAGMATIC SULFIDE 
DEPOSITS - THE SIMPLE MATH  

LEITCH, A.M., Memorial University, St. John's, NL, A1B 3X5, 
aleitch@mun.ca, and KERR, A., Geological Survey of 
Newfoundland and Labrador, PO Box 8700, St. John's, NL, A1B 
4J6 

Economic sulfide deposits rely on segregation of metals from a silicate 
magma into an immiscible sulfide liquid phase.  In equilibrium, the 
ratio of the metal concentrations in the sulfide liquid and silicate 
magma is given by the distribution coefficient D, which is about 500 
for Nickel and 1000 to 100,000 for PGE.  However, that does not mean 
that sulfide Ni content is upgraded 500 times relative to the initial 
magma, because as the sulfide becomes upgraded the silicate magma 
becomes more metal-depleted: the sulfide metal contents depend on the 
relative quantities of silicate and sulfide (the "R" factor) as well as D.  
For a single batch of magma, this can be expressed as a very simple 
mathematical equation.  When several batches of sulfur-saturated 
magma equilibrate with one batch of sulfide, e.g. in a magma conduit, a 
different equation results.  This "multistage" upgrading actually 
requires less total silicate magma but, as in the single batch system, 
upgrading is limited to a maximum value of D.  However, when the 
batches of magma are sulfur-undersaturated, as would normally be the 
case, the equations allow for radically different results.  As the sulfide 
phase dissolves, upgrading of base metals in the remaining sulfide 
becomes greater than D, and PGE can experience "upgrading 
runaway".  A valuable deposit may result if solidification occurs before 
the sulfide is entirely consumed. 
 
THE GIBSON PLUTON, WOODSTOCK, NEW BRUNSWICK:  
GEOCHEMICAL, S ISOTOPIC, AND U-Pb AND Re-Os 
GEOCHRONOLOGIC CONSTRAINTS ON AN EARLY 
ORDOVICIAN PRIMITIVE ARC-RELATED Cu(-Au) SYSTEM  

LENTZ, D.R., University of New Brunswick, Fredericton, NB, 
E3B 5A3, dlentz@unb.ca, CREASER, R., University of Alberta, 
Edmonton, AB, T6G 2E3, and MCNICOLL, V.J., Geological 
Survey of Canada, 601 Booth St, Ottawa, ON, K1A 0E8 

The Early Ordovician Gibson pluton, located to the southeast of 
Woodstock, New Brunswick, is composed of three different phases: 
main Gibson pluton and marginal stocks at Bulls Creek and Connell 
Mountain.  They are predominantly metaluminous, calc-alkalic 
granodiorite to tonalite.  The major-element geochemical discriminants, 
low Nb (4.3-7.7 ppm) and Ta (most less than 0.5 ppm), and slightly 
enriched LREE compositions from least-altered phases are consistent 
with depleted mantle-derived, primitive arc magmas (M type). 
The high-level Connell Mountain hornblende-plagioclase porphyritic 
tonalite stock is a small cupola (500 m by 150 m), 1500 m north of 
main Gibson pluton; it hosts porphyry copper style mineralization (23 
Mt at 0.18 % Cu).  Emplaced at deeper structural levels, the main 
Gibson and Bulls Creek phases are medium-grained and equigranular 
textured.  Weak to strong phyllic alteration occurs around the copper 
mineralized zones.  Gold mineralization is known at Connell Mountain 
with up to 1300 ppb and 400 ppb Au with elevated Cu (1.4%, 0.27%, 
respectively) noted in an intensely altered quartz wacke, although only 
10% of the 43 samples analysed from Connell Mountain had greater 
than 100 ppb Au.  Molybdenum contents are universally low (< 50 
ppm), except a local quartz vein relationship.  Several gold occurrences 
(Bulls Creek, Upper Hampton, Saint John River) have in excess of 1 
ppm Au with a notable As, W, Bi, and Cu association occurring within 
sulfide-rich veins and breccias within the contact aureole.  Delta 34S 
from pyrite and chalcopyrite in the porphyry and altered sedimentary 
rocks are 9.3 to 12.5 per mil (n=8), unlike typical mantle sulfur, 
possibly indicating subduction-erosion refertilization-recycling 
processes. 
A linear regression of four U-Pb zircon analyses has a lower intercept 
of 474.5 +1/-4 Ma (MSWD=2.7) that is interpreted as the 
crystallization age of the Connell Mountain tonalite, consistent with a 
previously determined U-Pb zircon age of 479 ± 7 Ma for the Gibson 
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Granodiorite.  Therefore, this intrusion is synvolcanic to the volcanic 
dominated, Meductic Group (470-477 Ma) located to the west.  Three 
Re-Os model ages of 475.2, 475.2, and 475.6 ± 4 Ma from three 
different varieties of molybdenite (Re = 209, 405, and 985 ppm) were 
used to produce a three point isochron age of 475.3 ± 9.2 Ma; these are 
indistinguishable from the U-Pb zircon ages.  The robustness of the Re-
Os method to thermal resetting is evident as the previously determined 
U-Pb titanite age (450 Ma) from the pluton was reset during the 
Acadian orogeny. 
 
MINERAL FLUORESCENCE UNDER LIGHT-EMITTING 
DIODES:  A SPECTRAL STUDY AND A VIEW INTO THE 
FUTURE OF MINERAL FLUORESCENCE  

LEPAGE, L.D., Lepage@geoladm.geol.queensu.ca, and 
PEARCE, T.H., Queen's University, Kingston, ON, K7L 3N6 

Light-emitting diodes (LED) have long been used in applications where 
long-life and reliability were more important than light intensity or 
wavelength.  With the advent of new technologies, LEDs are now more 
powerful and approaching wavelengths similar to those of traditional 
shortwave ultra-violet lamps (280nm for LED vs. 254nm for Hg 
Lamps). 
Traditionally, mineral fluorescence spectra were difficult to acquire 
without the use of filters to block the numerous emission bands 
produced by mercury lamps (i.e. 254, 313, 365, 405, 435, 546, ~580, 
and 615nm), which can produce unwanted fluorescence in minerals, but 
also interfere with the acquisition of spectral data for a set wavelength. 
In our fluorescence experiments, we used multiple LEDs to produce a 
broad beam of monochromatic light, which can easily be filtered (out) 
before it enters the spectrometer, thus facilitating the acquisition of 
“clean” fluorescence spectra for the studied mineral. 
The goal of our experiments was to study the minimum and maximum 
threshold wavelengths that produces fluorescence in common minerals 
(e.g. calcite or apatite) in an effort to better understand mineral 
fluorescence properties and assess the potential of the technique.  We 
also experimented with new LED technologies and evaluated their 
potential for use in fluorescent mineral displays for collectors and 
museums. 
 
THE CLIMATIC IMPACT OF AN EARLY HOLOCENE 
MELTWATER EVENT AROUND THE GULF OF ST. 
LAWRENCE  

LEVAC, E., Environmental Sciences Research Centre, St. Francis 
Xavier University, PO Box 5000, Antigonish, NS, B2G 2W5, 
elevac@stfx.ca 

An early Holocene episode of meltwater drainage from the Great Lake 
region through the St. Lawrence River (sometimes referred to as the 
Middle Stanley) was previously shown to cause important changes in 
sea surface temperature (SST) in Bay of Islands (west coast of 
Newfoundland) and a reversal in the postglacial vegetation succession 
along the shores of the St. Lawrence River and Gulf.  The impact of 
this meltwater even it reconstructed from dinoflagellate cyst data form 
core MD99-2225 using transfer functions and the GEOTOP database of 
modern reference sites.  Air temperature was reconstructed from pollen 
diagrams around the Gulf of St. Lawrence, using modern data from the 
NAPD. 
Before the meltwater event (around 10,000 years ago), August SST and 
salinity in Bay of Islands were close to their present day averages of 
17°C and 32 psu.  The middle Stanley meltwater phase resulted in a 
sharp drop in these two parameters.  Between 9500 and 8600 BP, SST 
remained 3 to 7°C lower than the present day average, salinity, 3 to 5 
psu lower.  Around 9500 BP, a recently established spruce forest was 
replaced by a birch-dominated shrub-tundra in southwest 
Newfoundland, as recorded in lake pollen diagrams from that area, and 
in the Bay of Islands core.  Reconstructions based on those pollen 
diagrams show that temperature dropped by as much as 3°C.  Conifer 
forests developed again after 8500 BP. 
In pollen records from PEI and NB, the dominance of spruce pollen 
during the mletwater event abruptly gave way to a dominance of pine 
after 8500 BP.  The interpretation was that spruce forests lingering in 

the area due to cold air temperature, were suddenly replaced by pine 
forests because of a warming that followed the meltwater event.  The 
amplitude of the warming is estimated at 2°C.  On the eastern Scotian 
Shelf (e.g. St. Anne's Basin), reconstructed SST were higher than today 
by 3-4°C before 8600 BP, suggesting that the impact of this meltwater 
event was not felt beyond the Gulf of St. Lawrence. 
 
OVERVIEW OF A SUBMARINE MASS MOVEMENT HAZARD 
ASSESSMENT IN THE SAGUENAY FJORD  

LEVESQUE, C.1, LEROUEIL, S.2 and LOCAT, J.1,  1 

Department of Geology and Geological Engineering, Laval 
University, Québec, QC;  2 Department of Civil Engineering, 
Laval University, Québec, QC 

Submarine mass movements are common events which transport 
material from inshore areas into deeper waters.  As interest in 
developing offshore resources increases, so too increases the need to 
quantify the risk associated with these submarine mass movements.  To 
date, little research in this field has been completed.  The authors 
propose a general approach to determine the risk based on the 
geotechnical characterisation of submarine mass movements. 
An integral part of determining the risk associated with submarine mass 
movements is to first determine the hazard associated with these mass 
movements.  The focus of the work in the Saguenay Fjord region is to 
complete such a hazard assessment which is done by the integration of 
multibeam imagery, seismic surveys, coring, laboratory testing and 
simulations.  Such an integration make it possible to evaluate the 
predisposition factors (e.g. layering), the revealing factors (existing 
landslides scars and debris flow morphology), the triggering 
mechanism (e.g. 1663 earthquake, ground water flow),  and the type of 
mass movement (e.g. spreads, flows).  Finally, by coupling the actual 
geomorphology, the history of mass movements and the distribution of 
the geotechnical properties of the sediments, the actual hazard can be 
ascertained towards future potential triggers. 
 
GLACIAL DAM FAILURE AND OCEANIC ROUTING OF THE 
FINAL LAKE AGASSIZ-OJIBWAY OUTBURST FLOOD, 7.6-
7.7 KA:  NEW EVIDENCE FROM THE NORTHEAST 
NEWFOUNDLAND SHELF  

LEWIS, C.F.M., Geological Survey of Canada, Natural 
Resources Canada, Bedford Institute of Oceanography, Box 1006, 
Dartmouth, NS, B2Y 4A2, miklewis@nrcan.gc.ca, and MILLER, 
A.A.L., Marine G.E.O.S., 1003 Peter St., Apt. 1, New Minas, NS, 
B4N 3L7 

The Labrador Current flows southward over the Northeast 
Newfoundland Shelf (NENS), where core 83-7 (5.6 m) was collected 
from a 457 m-deep shelf basin at 50°53.2'N, 53°18.0'W.  Chittick 
gasometric carbonate sediment analyses (as utilized by J. Andrews and 
K. Tedesco to identify detrital carbonate-rich (DC) layers in sediments 
off Hudson Strait) show there are 3 DC layers in 83-7.  Calcite 
dominates the upper one (between 44 and 142 cm), where total 
carbonate ranges from 21-28 %, and the calcite/dolomite ratio is largest 
(3.4:1) just after the onset of DC deposition (120 cm).  The mid-portion 
of the layer contains few planktic foraminifera, suggesting rapid 
deposition, reduced sea-surface salinities, and / or turbid surface 
waters. 
The onset age of DC deposition is indicated by an AMS 14C date of 
8140±150 BP on N. pachyderma (planktic foraminifera) at 125-127 
cm; available reservoir age corrections range from 450 to 540 yr for the 
NW Atlantic Ocean, indicating a 14C age of 7.6-7.7 ka.  An AMS 14C 
date of 8390±100 BP on N. pachyderma near the end of DC deposition 
(62-65 cm) is consistent with sampling flood-entrained older forams 
and/or the likelihood of incorporation of old dissolved inorganic C 
from Paleozoic limestone bedrock and derived glacial sediments in 
Hudson Bay and Strait, where reservoir ages and corrections are greater 
(630-710 yr), into the foram tests during growth.  DC deposition is 
coincident with the final outburst drainage of glacial lakes Agassiz and 
Ojibway by catastrophic flow through subglacial tunnels under the 
thinning Laurentide Ice Sheet over Hudson Bay, as modeled by G. 
Clarke et al. and inferred by D. Barber et al. 
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Flood waters likely entrained calcite-rich sediments into a surface 
plume, which was deflected southward by the Coriolis effect when it 
exited Hudson Strait, and was carried south in the Labrador Current 
over the Labrador and Newfoundland shelves, and not into the 
Labrador Sea.  The reduced-salinity waters were then likely dispersed 
into the North Atlantic Drift, where they moved northeastward towards 
Europe and Greenland.  The presence of a thick, rapidly deposited DC 
layer on NENS, provides evidence of an oceanic transport route that 
supports D. Barber et al.’s theory that the final Agassiz outburst 
triggered the 8.2 cal BP (~7.5 14C ka) cold event, recorded as an 
isotopic excursion in Greenland ice cores. 
 
MULTI-FACETED INVESTIGATION OF SEDIMENT AND 
BEDFORM MOBILITY ON SABLE ISLAND BANK, SCOTIAN 
SHELF  

LI, M.Z. and KING, E.L., Geological Survey of Canada-Atlantic, 
1 Challenger Drive, Dartmouth, NS, B2Y 4A2, mli@nrcan.gc.ca 

The distribution and migration of bedforms directly affect the cost and 
safety of offshore seabed installations.  Sediment type and mobility are 
also important controlling factors of benthos diversity and habitat 
distribution in marine environments.  Thus the understanding of 
sediment and bedform mobility forms an important part of the 
geoscience knowledge for oceans management.  A multi-faceted 
investigation, using sampling/coring, repetitive survey, seabed 
instrumentation measurement and modelling techniques, was conducted 
to assess the sediment and bedform distribution and mobility on the 
Sable Island Bank (SIB), Scotian Shelf. 
Digital compilation of Canadian Hydrographic Services bathymetry 
data significantly updated the distribution and characteristics of sand 
ridges on SIB.  Analysis of multibeam data from selected sites has 
shown that the majority of sand ridges on this bank are nearly 
symmetrical and their scale steadily decreases from west to east and 
from offshore to nearshore.  As a result of the mobility of smaller 
superposed bedforms, sand ridges migrate at very low rates but to 
opposite directions over short periods of time to result in effectively no 
net migration in longer time spans.  Besides the large-scale sand ridges 
and sand waves, mid-sized bedforms such as megaripples, ribbons, and 
large-wave ripples widely occur in various depths on the bank and are 
superposed on the sand ridges as well.  Targeted sampling and 
compilation of existing and recent geophysical surveys provided new 
insights into their distribution, metrics and sediment composition.  In 
contrast to the quasi-stable sand ridges, initial assessment of serial 
surveys and in situ measurement data suggest that these mid-sized 
bedforms can be reactivated more frequently, possibly with each 
typical winter storm, even at relatively deep outer-bank water depths.  
Seabed instrumentation packages were deployed over fine sand on the 
southeastern bank and over coarse sand in a sand ridge trough on the 
western bank to monitor the nearbed dynamics, sediment transport 
potential, and the development and mobility of small- to mid-sized 
bedforms at these sites.  Bedforms ranging from current ripples, 
through wave ripples to large-wave ripples were observed under 
moderate tidal currents and storm conditions.  Bedload transport as well 
sand suspension occurred in both deployments, even over the coarse 
sand at the western bank site.  These in situ data were also used in 
assessing the mobility of mid-sized bedforms that exist in the vicinity 
of the deployment sites. 
 
SOLID SOLUTION OF Nb AND Ta IN SYNTHETIC TITANITE:  
A RECONNAISSANCE STUDY  

LIFEROVICH, R.P. and MITCHELL, R.H., Department of 
Geology, Lakehead University, 955 Oliver Road, Thunder Bay, 
ON, P7B 5E1, CANADA, rlife@lakeheadu.ca, 
rmitchel@lakeheadu.ca 

Synthetic titanite, CaTiOSiO4, and the series of (Ca1-xNax)(Ti1-

xMx
5+)OSiO4 and Ca(Ti1-2xMx

5+Alx)OSiO4 (M=Nb,Ta) solid solutions 
have been prepared by standard ceramic methods and their crystal 
structure determined by Rietveld analysis.  At ambient conditions, the 
(F,OH)-free titanite hosts up to 20 mol.% NaM5+OSiO4, 40 mol.% 
Ca(AlNb)OSiO4, and 60 mol.% Ca(AlTa)OSiO4 end members.  All 
cations located at the [vii]A- and [vi]B-sites are disordered; refinement of 

the site occupation shows no tetrahedrally-coordinated Al3+ or 
vacancies.  All Nb-, Ta-doped varieties of titanite adopt space group 
A2/a; thus, both single-site and complex multivalent substitutional 
schemes destroy the coherence of the off-centering of octahedral chains 
typical of the CaTiOSiO4 end member, resulting in a P21/a &rarr; A2/a 
phase transition.  The (Ca1-xNax)(Ti1-xMx

5+)OSiO4 substitution scheme 
incorporates the larger cations at both the [vii]A and [vi]B sites, whereas 
the Ca(Ti1-2xMx

5+Al)xOSiO4 scheme involves only the [vi]B-site 
(Al3+,M5+) cations with a slightly-smaller "average" radius.  Unit cell 
dimensions change insignificantly and vary sympathetically with the 
change of average cationic radii in the (Ca1-xNax)(Ti1-xMx

5+)OSiO4 
series and antipathetically in the Ca(Ti1-2xMx

5+Alx)OSiO4 series.  Both 
Nb-, Ta-doped titanite and pure CaTiOSiO4 consist of distorted 
polyhedra.  The seven-fold coordination polyhedra and octahedra in the 
Nb-, Ta-doped titanite are slightly less-distorted as compared to those 
in the pure CaTiOSiO4.  The SiO4 tetrahedron is more distorted in 
CaTiOSiO4 than that in the Nb-, Ta-doped analogs with the exception 
of the most tantalian titanite, Ca(Ti0.4Ta0.3Al0.3)OSiO4. 
The experimental data obtained suggest that the existence of a titanite 
analogue with more than 50 mol.% of Na(Nb,Ta)OSiO4 end member is 
unlikely.  The solid solution involving the smaller [vi](Al,Ta) cations, 
theoretically might be stabilized at high pressure suggesting the 
existence of a potentially-new species with &ge; 67 mol.% 
Ca(AlTa)OSiO4 end member.  The synthetic titanites might be suitable 
for the sequestration of radioactive waste containing the 94Nb isotope. 
 
COOLING HISTORY OF THE UPPER CRETACEOUS 
PALGONGSAN GRANITE, GYEONGSANG BASIN, SE 
KOREA, BASED ON FISSION TRACK ANALYSIS  

LIM, H.S. and LEE, Y.I., School of Earth and Environmental 
Sciences, Seoul National University, Seoul 151-747, Korea, 
tracker@nate.com 

Apatite and zircon fission track analyses were carried out to reconstruct 
the cooling and uplift history of the Cretaceous Palgongsan Granite, 
Gyeongsang Basin, SE Korea.  The Palgongsan Granite is one of the 
Bulguksa intrusive rocks that formed by arc-related plutonism during 
Late Cretaceous to Early Tertiary time.  Fission track dating of the 
Palgongsan Granite yielded nearly concordant ages of 53 and 65 Ma for 
apatite and zircon, respectively.  The Palgongsan Granite also shows a 
simple cooling pattern, which suggests that it has not been affected by 
any thermal event after emplacement.  The cooling history derived 
from fission track data combined with other thermochronometric data 
indicates that the Palgongsan Granite experienced relatively rapid 
cooling in earlier stage.  The initial rapid cooling rate during the Late 
Cretaceous has been caused by the large thermal contrast between the 
granite body and the country rocks.  After reaching thermal equilibrium 
with the surrounding country rocks, the cooling rate of the Palgongsan 
Granite was abruptly decreased in late stage.  In this late stage, the 
decelerated cooling rate is interpreted to have been controlled by uplift 
and erosion processes, and the average exhumation rate is calculated to 
be ca. 50 m/my over the temperature range from 100°C to the surface 
temperature.  The cooling history of the Palgongsan Granite is in good 
agreement with other Cretaceous Bulguksa intrusive rocks distributed 
in the eastern and southern parts of the Gyeongsang Basin.  
Considering the uplift rates of the Andes, the uplift rates in the eastern 
Pacific margin were higher than those in the western margin.  This 
discrepancy in the uplift rates can be explained by the difference in the 
ages of subducted plates. 
 
DOES STRUCTURAL TRANSTENSION EXIST?  

LIN, S., Department of Earth Sciences, University of Waterloo, 
Waterloo, ON, N2L 3G1, shoufa@uwaterloo.ca, and JIANG, D., 
Department of Earth Sciences, University of Western Ontario, 
London, ON, N6A 5B8 

Robin and Cruden (1994) distinguish two meanings of transpression: 
“tectonic” and “structural”.  Similar distinctions can be made for 
transtension.  Tectonic transpression/transtension refers to the relative 
displacement of two regions of the lithosphere moving with respect to 
each other in combined convergent/divergent and transcurrent motion, 
whereas structural transpression/transtension refers to what specifically 
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happens to a tabular zone of rocks submitted by its walls to a 
simultaneous boundary-normal compression/extension and boundary-
parallel shearing.  Structural transpression/transtension leads to 
thinning/thickening of the tabular zone, which is termed 
thining/thickening zone, respectively, by Jiang and Williams (1998).  It 
is often assumed that tectonic transpression/transtension leads to 
structural transpression/transtension. 
In recent years, significant progress has been made in predicting the 
foliation (S-surface) and stretching lineation (Ls) patterns in structural 
transpression/transtension zones through theoretical modelling, 
assuming that the S-surface is parallel to local XY principal strain plane 
and the stretching lineation is parallel to the X direction of the finite 
strain ellipsoid.  A major difference in the predicted foliation and 
lineation patterns between structural transpressional and transtensional 
zones, whether monoclinic and triclinic in symmetry, is that, in 
transpressional zone foliations have more or less constant orientation 
and lineations may vary significantly in orientaion, whereas in 
transtensional zones lineations have more or less constant orientations 
and foliations may vary significantly in orientation.  Many natural 
examples of high-strain zones with foliation and lineation patterns 
consistent with structural transpression have been documented in the 
literature.  In contrast, to the best of our knowledge, no good example 
of natural high-strain zones with foliation and lineation patterns as 
predicted for structural transtension has been documented.  It is 
suggested here that, although boundary conditions for tectonic 
transtension are common, those for structural transtention may not.  In 
theoretical models of transtension, structural transtension results from 
tectonic transtension, and the structural transtensional zones are 
assumed to be subvertical.  In reality, high-strain zones in tectonic 
transtensional zones are more likely to be of low angle, and 
deformation within these low angle zones are more likely to be 
transpressional (in the sense described above, or thining), instead of 
transtension (thickening).  We therefore conclude that structural 
transtension (thickening zones) may rarely exist. 
 
CLIMATE CHANGE IN ATLANTIC CANADA - 
DOWNSCALED TEMPERATURE AND PRECIPITATION 
SCENARIOS FOR ATLANTIC CANADA  

LINES, G.S., Climate Change Division, Env Can, 45 Alderney 
Drive, Dartmouth, NS, B2Y 2N6, gary.lines@ec.gc.ca 

Atlantic Canada is situated in an environmentally diverse area, 
spanning almost 20 degrees of latitude and 20 degrees of longitude 
along the eastern reaches of North America.  The climate of the region 
is varied, encompassing both coastal and continental regimes and 
influenced by several major ocean currents and mountain ranges.  In 
order to best describe the expected climate change impacts for the 
region, climate change scenarios and climate variables must be 
developed on a regional, or even site-specific, scale. 
Two methods currently exist that would potentially provide this 
information, output from a Regional Climate Model (RCM) and 
statistical techniques to “downscale” climate variables from global 
climate models.  Since the RCM capability for Canadian territory is 
presently being developed and output for Atlantic Canada is not readily 
available, statistical techniques are being explored to generate the 
downscaled climate variables in that region.  The statistical techniques 
utilized in this study are embodied in the Statistical Downscaling 
Model (SDSM) developed by Rob Wilby et al., King’s College, 
London. 
To develop the initial statistical relationships, homogenized daily mean, 
maximum and minimum temperature and precipitation amount data for 
a site in the Annapolis Valley of Nova Scotia, over the last 30 years, 
was taken from the Historical Canadian Climate Database (HCCD).  
The technique essentially develops a predictor-predictand relationship 
between global climate model values and the observed values at a 
specific site.  Future climate variables (predictors) are then extracted 
from various model experiments.  In this study, the Canadian coupled 
global climate model version 1 (CGCM1) from the University of 
Victoria, in British Columbia was utilized.  Those predictors are used to 
provide downscaled climate variables (predictand) that are applicable 
to those specific observed data sites. 

The resulting values for temperature and precipitation provide one 
plausible future climate for the site in question and are used to build 
climate scenarios for that region or site.  They can also be used by 
climate change impacts researchers who want to apply climate 
variables on a regional scale. 
 
LA-ICPMS-U/Pb DATING AND PROVENANCE STUDIES OF 
GLACIOMARINE TILLITES FROM LATE 
NEOPROTEROZOIC ROCK UNITS OF GERMANY, THE 
CZECH REPUBLIC AND FRANCE (BOHEMIAN AND 
ARMORICAN MASSIFS)  

LINNEMANN, U., DROST, K., GEHMLICH, M., Staatliche 
Naturhistorische Sammlungen Dresden, Museum für Mineralogie 
und Geologie, Königsbrücker Landstrasse 159, Dresden, D-
01109, Germany, ulf.linnemann@snsd.smwk.sachsen.de, 
JEFFRIES, T., STOREY, C. and GARCIA-SANCHEZ, R., 
Natural History Museum London, Cromwell Road, London, SW7 
5BD, UK 

The Precambrian basement of Central and Western Europe consists 
mainly of Late Neoproterozic volcaniclastic psammites deposited in 
marginal basins in a magmatic arc setting ("Avalonian-Cadomian 
Island Arc") at the Gondwana margin.  In some places glaciomarine 
tillites occur in the sedimentary succession.  The minimum age of the 
sedimentary units is given by igneous rock intruded into the sediments 
at around 540 Ma.  In Central and Western Europe, Neoproterozoic to 
Early Paleozoic marginal basins, island arc remnants, and 
postkinematic plutons are referred to as the Cadomian basement or the 
Avalonian-Cadomian Orogen.  Remnants of this orogen are involved in 
the peri-Gondwanan terranes of Avalonia and Armorica (Cadomia).  
We use LA-ICPMS-U/Pb data of detrital zircons from different 
Neoproterozoic sandstones (glaciomarine tillites) of the Bohemian and 
Armorican Massifs to characterize the provenance of the detrital 
material and the maximum ages of deposition.  Currently, there is much 
debate about the palaeogeography of the Avalonian-Cadomian Orogen, 
potential source areas being Amazonia, West Africa, and Baltica.  Parts 
of these cratons became recycled during the Cadomian orogeny at the 
Gondwana margin.  These three cratons differ in their mean age and the 
presence or absence of rocks from the Grenvillian orogeny (around 1.0 
Ga).  Rocks formed during the Grenville orogeny are prominent on 
Amazonia and Baltica, but are so far unknown from the West African 
Craton.  The zircon age pattern strongly suggests a provenance of the 
Bohemian and Armorican Massifs from West Africa.  The zircon ages 
ranging from c. 3.0 to 0.57 Ga. Grenvillian zircons are not present.  The 
maximum ages of deposition for Precambrian glaciomarine sediments 
of the Bohemian Massif (Germany and Czech Republic) and the 
Armorican Massif (France) are given by the youngest zircon population 
with ages of around 570 Ma.  The glaciomarine tillites are about 30 Ma 
younger than the Snowball Earth.  The data suggest a glaciation of the 
Avalonian-Cadomian arc in a time interval between 570 and 540 Ma.  
The glaciomarine units are a useful tool for the palaeogeographical 
reconstruction of the Gondwana margin. 
 
BIODEGRADATION OF POLYCYCLIC AROMATIC 
HYDROCARBONS BY ARBUSCULAR MYCORRHIZAL LEEK 
PLANTS  

LIU, A. and DALPÉ, Y., Eastern Cereal and Oilseed Research 
Centre, Agriculture and Agri-Food Canada, K.W. Neatby Bldg., 
960 Carling Avenue, Ottawa, ON, K1A 0C6, 
liu_aiguo@hotmail.com 

The effect of arbuscular mycorrhizal fungi (AMF) on degradation of 
polycyclic aromatic hydrocarbon (PAH), nutrient uptake, and leek 
growth was studied under greenhouse conditions.  This experiment was 
a 3 × 2 × 2 × 4 factorial design including 3 mycorrhizal treatments, 2 
micoorganism treatments, 2 PAH chemicals, and 4 concentrations of 
PAHs.  Addition of anthracene or phenanthrene in soil significantly 
reduced plant growth. Mycorrhizal inoculation not only increased plant 
growth, but also enhanced uptake of N and P.  Inoculation with two 
different strains of the species G. intraradices and G. versiforme 
reduced PAH concentrations in soil.  In twelve weeks of pot cultures, 
anthracene and phenanthrene concentrations decreased for all three 
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PAH levels tested, however, the reduced amount of phenanthrene in 
soil was greater than the one of antracene.  The addition in pot-cultures 
of a soil microorganism extract accelerated the PAH degradation of 
PAHs.  This study shows that inoculation of AMF in a hydrocarbon-
contaminated soil enhanced PAHs soil decontamination.  A well AMF 
colonized soil is recognized not only to improve plant growth but also 
to stimulate soil microflora abundance and diversity.  AMF may then 
have a direct impact on PAH soil decontamination through plant 
growth enhancement doubled by an indirect influence on soil 
microflora population and activity. 
 
NITROGEN RESPONSES TO AMENDMENTS AND CROP 
ROTATIONS VARYING IN PROPORTIONS OF FORAGES 
DURING THE TRANSITION TO ORGANIC PRODUCTION  

LIU, K.1, K2liu@nsac.ns.ca, HAMMERMEISTER, A.M.1, 
WARMAN, P.R.2, ENTZ, M.H.3 and MARTIN, R.H.1,  1 Organic 
Agriculture Centre of Canada (OACC), Nova Scotia Agricultural 
College (NSAC), Box 550, Truro, NS, B2N 5E3;  2 Department of 
Environmental Sciences, NSAC, Box 550, Truro, NS, B2N 5E3;  
3 Department of Plant Science, University of Manitoba, Winnipeg, 
MB, R3T 2N2 

A four-year trial was established in Truro, Nova Scotia on a ploughed 
pasture in 2002 to identify the optimal combinations of organic 
amendments and crop rotations varying in proportions of forages.  A 
3×3 factorial within three blocks included a factor of forage levels (0, 
1, and 2 year’s forages in a 4-year crop rotation) within three different 
4-year crop rotations: wheat(w)/soybean(b)/barley (b)/potato (p), 
w/b/forage (f)/p, and w/f/f/p, respectively.  For rotations including 
forages, the timothy and red clover were underseeded in the cereal of 
the previous year.  The second factor of organic amendments included 
alfalfa meal, monogastric compost from poultry manure and ruminant 
compost from beef cattle and/or sheep manure, pertaining to stockless, 
monogastric and ruminant systems, respectively.  The nutrient 
application rates were based on soil test recommendations with 
assumed N availabilities of 30% for alfalfa meal, 25% for ruminant 
compost, and 50% for monogastric compost in the application year, 
respectively.  For all amendments, 20% of total P was assumed to be 
available and 90% of total K.  In underseeded plots where forages were 
seeded in the previous crop, the nitrogen application rate was reduced 
by 50%.  Plant N concentration was measured by a Leco analyzer.  
Cumulative nitrate nitrogen rates were determined by Plant Root 
Simulator (PRSTM) probes under field conditions during the growth 
season.  N uptake was not affected by amendments during the first two 
years.  N uptake was significantly (p=0.05) lower in 2-year forage plots 
in year one, and was significantly (p=0.05) lower in 1-year forage plots 
in year two.  Total N uptake over the first two years was significantly 
(p=0.05) higher in 0-year forage plots.  Soil cumulative nitrate nitrogen 
rates were not affected by amendments in either year two or three, but 
were significantly higher in 0-year forage plots in both years two and 
three. 
 
ASSESSMENT OF TILLAGE EROSION RISK IN CANADA 
USING THE TILLAGE EROSION RISK INDICATOR 
(TILLERI)  

LOBB, D.A., Soil Science, University of Manitoba, Winnipeg, 
MB, R3T 2N2, LobbDA@MS.UManitoba.CA 

Tillage erosion is caused by the progressive downslope movement of 
soil by tillage.  Tillage erosion is a distinct process from wind and 
water erosion.  A risk indicator model for tillage erosion has been 
developed under the National Agri-environmental Health Analysis and 
Reporting Program (NAHARP).  In the preceding agri-environmental 
indictors initiative tillage erosion was found to exceed sustainable 
levels on about 50% of Canadian cropland making, it a serious threat to 
soil health.  The model that underlies the tillage erosion risk indicator is 
extremely simple, but very informative.  Tillage erosion is a function of 
the erodibility of a landscape (hilliness and steepness of hillslopes) and 
the erosivity of the tillage system (number and type of tillage 
operations for a crop and the sensitivity of these operations, in terms of 
soil movement, to changes in slope steepness) used on that landscape.  
The data used to assess landscape erodibility and tillage erosivity come 

from the National Soil Data Base and the Census of Agriculture.  
Improvements to the quality of both data sources for the tillage erosion 
indicator and other indicators are reported.  The existing relationship 
between landscape erodibility and tillage erosivity is based on very 
little data.  Preliminary results are presented on experiments to establish 
the relationship for a broad range of cropping and tillage systems.  
Results from the national assessment of tillage erosion risk are 
presented, and they clearly show that tillage erosion risk has diminished 
over the period of 1981 to 2001, although it remains a serious problem 
in some situations. 
 
BIG RIVERS IN THE PROTEROZOIC  

LONG, D.G.F., Department of Earth Sciences, Laurentian 
University, Sudbury, ON, P3E 2C6, dlong@laurentian.ca 

Thick sequences of quartz-rich fluvial sandstone are a common feature 
of Proterozoic successions on several continents.  Thicker remnants are 
commonly preserved in foreland or successor basin settings, 
representing mid to proximal segments of extensive fluvial 
deposystems.  These interior basins provided feed to rivers that flowed 
for thousands of kilometers to the distal passive margin on the trailing 
edge of the paleocontinents.  These rivers providing significant clastic 
input into distal fluvial and deltaic complexes, as well as shallow 
marine sandy shelves.  Canadian examples of these large-scale systems 
include the Paleoproterozoic Thelon-Athabasca-Muskwa river system, 
which derived significant sediment from the Hudsonian mountains, and 
the Mesoproterozoic sandstones in the Shaler Group and Katherine 
Group of North-west Canada, which drained the Grenville mountain 
chain.  In both systems deep sandy braided rivers developed, with 
evidence of compound bar development, with clear evidence of 
incremental growth.  Intermediate to meandering systems are seen in 
the Mesoproterozoic example.  The vast extent of these river systems is 
supported by detrital zircon geochronology.  A possible secondary clue 
to longevity of large scale is the presence of granules and small pebbles 
of silica and iron-sequioxide cemented quartz arenite that may 
represent reworked silcrete and ferricreate soils.  Calcrete cemented 
intraclasts have lower preservation potential, but are preserved in parts 
of the Athabasca basin. 
 
UNDERSTANDING THE OXYGEN AND HYDROGEN 
ISOTOPE COMPOSITIONS OF CLAY MINERALS  

LONGSTAFFE, F.J., Department of Earth Sciences, The 
University of Western Ontario, London ON, N6A 5B7, 
flongsta@uwo.ca 

Oxygen and hydrogen isotope investigation of clay minerals, as 
introduced by Savin & Epstein, Lawrence & Taylor and Sheppard & 
Epstein, is into its fourth decade.  The approach is based upon 
temperature-dependent, equilibrium isotope fractionation between clays 
and water during crystallization, and subsequent retention of the clay 
isotopic compositions.  This tool is a staple in the study of rock-water 
interaction in low temperature and hydrothermal systems.  In my 
research group, we have used it to propose basin-wide influx of 
meteoric water into the Canadian Western Interior Basin - a response to 
Laramide mountain building.  Similarly, the compositions of diagenetic 
clays were used to infer tectonically mobilized rock-water interaction 
along the Precambrian-Paleozoic unconformity in the Appalachian 
Basin.  Hot basinal brines, driven westward by Taconic orogenic events 
controlled chlorite formation.  Later illite crystallization reflected 
infiltration of local meteoric water during basement reactivation 
associated with distal Acadian and Alleghanian orogenies.  The climate 
archive represented by the H- and O-isotope compositions of hydrous 
minerals has also been examined.  We have explored the relationships 
among the oxygen isotope compositions of modern grass phytoliths 
(opal-A), source water, temperature and humidity for use in Holocene 
systems.  We have also analyzed pedogenic clays from Cretaceous 
paleosols to deduce the isotopic composition of paleoprecipitation and 
the associated climatic conditions. 
What then are today's problems?  The H- and O-isotope study of 
hydrous minerals demands reliable mineral-water fractionation factors, 
yet these remain scanty for low temperature systems.  For example, 
years of growth were needed to obtain reliable experimental values for 
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the H- and O-isotope fractionation factors between gibbsite and water.  
Better methods are needed.  Current practice also presumes that clays 
can be isolated for analysis without changing their isotopic 
compositions.  In testing separation methods, we have learned that 'less 
is best', but ambiguities remain about the fidelity of H-isotope 
compositions.  The process of post-formation isotope exchange 
between clays and water also remain poorly understood (e.g., does H- 
and O-isotope exchange occur in a coupled or decoupled fashion?).  
The behaviour of 1.0 nm halloysite is a case in point.  Compared to its 
0.7 nm analogue, the 1.0 nm variety exhibits rapid and significant 
oxygen isotope exchange at room temperature, with the extent of 
exchange depending in part upon Fe(III) substitution in octahedral 
sites.  To turn our hair even grayer, it also now seems that clays can 
inherit part of their isotopic composition from precursors, as observed 
during hydrothermal transformation of berthierine to Fe-saponite. 
 
SEDIMENT MOBILITY ON GLACIATED SHELVES WITH 
EXAMPLES FROM NORWAY  

LONGVA, O., CHRISTENSEN, O., RISE, L., OTTESEN, D. 
and BEYLICH, A., Geological Survey of Norway, N7491 
Trondheim 

Two sand wave areas on the west coast of Norway have been 
repeatedly mapped with multibeam echosounder or interferometric 
sonar 3 – 4 times over a period of three years.  The position of wave 
crests has shifted between 1 – 3 m a year.  The sand drift seems to be 
related to tidal currents, but storms must have a major impact.  The 
sand supply comes from biogenic production and marine abration of till 
deposits.  In areas where tills are scarce and the local bedrock is 
crystalline, sand deposits consist almost exclusively of carbonate sand 
from crushed mussels.  There seem to be little transfer of sediments 
from the coast to the shelf.  Maps of sediment distribution on the mid 
Norwegian shelf show a shortage of sediment supply to the shelf during 
the Holocene and that sand along the coast does not move across the 
shelf.  This relates to the fact that the threshold fjords are the final sinks 
for terrestrial sediment fluxes and the deposits are delivered to the shelf 
and slope only during glacials.  This is verified through seismic profiles 
across the shelf.  There are few recent depo-centres along the margin.  
This is in sharp contrast to the North Sea shelf, where marine abrasion 
in a shallow sea surrounded by coasts of sedimentary rocks delivers 
huge amount of sediments.  The final sink for sediments from the North 
Sea is the Skagerrak, the 700 m deep inner part of the Norwegian 
Channel where Holocene deposition locally surpasses 100 m. 
 
MULTI-STAGE INTERACTIONS BETWEEN MANTLE-
DERIVED MAGMAS AND CRUSTAL MELTS:  AN EXAMPLE 
OF THE DEVONIAN MAGMATISM OF SIERRA DE SAN LUIS, 
ARGENTINA  

LOPEZ DE LUCHI, M.G., Instituto de Geocronología y Geología 
Isotópica, Pabellón INGEIS, Ciudad Universitaria, 1428 Buenos 
Aires, Argentina, deluchi@ingeis.uba.ar, SIEGESMUND, S., 
STEENKEN, A., WEMMER, K., GZG, University Göttingen, 
37077 Göttingen, Goldschmidtstr. 3, Germany, and NAUMANN, 
R., GeoForschungsZentrum Potsdam, Telegrafenberg, 14473 
Potsdam, Germany 

Devonian alkali-calcic granitic intrusions of the Sierra de San Luis 
consist of granodiorites, monzogranites and leuco-monzogranites 
associated with a Mg-K series of vaugnerite, hornblende–biotite diorite, 
monzonites and quartz-monzonites that appear as intrusive stocks, 
synplutonic dykes and enclaves.  Metamorphic enclaves in the high-K 
granites are metasediments of pelitic–psammitic composition, and 
some disrupted melanosomes rich in garnet and symplectitic biotite that 
are restites from partial melting.  Syn-plutonic dykes, stocks and most 
of the microgranular enclaves carry xenocrysts derived from the host 
magma, and some contain cores of a high-Mg pyroxene derived from a 
mafic magma in the amphibole phenocryst. 
Alkali-calcic granitoids are characterized by high LILE, TiO2, P2O5, 
Ga, Zr and Nb, low CaO, Yb (c.a. 2), Sc (<15), K/Rb (400-150 ppm) 
Sr/Y (65-8), Sr/Nd (25-10), Zr/Y (15-5), LREE (400-60 ppm) and low 
Eu/Eu*(0.85-0.4).  Total REE present high values (> 300ppm) with 
(La/Yb)N (50-20).  LREE are highly fractionated, (La/Sm)N is 10 and 

HREE are less fractionated with (Tb/Yb)N around 4, which indicate 
amphibole fractionation.  The monzonitic rocks show very high 
concentrations in LILE, Sr, Mg, Cr (up to 250 ppm), Ni, V, LREE, Zr 
and Th.  High Sr/Y, low Yb, strongly fractionated REE pattern and a 
smooth Eu anomaly indicate garnet as a major residual phase with 
minor plagioclase. 
Large scale melting of kilometre-sized regions of the crust is required 
to generate large granitic intrusions like the voluminous Devonian 
magmatism.  Vaugnerite, only present as enclaves in the stocks, 
originated from amphibolitized lamprophyric magmas probably derived 
from enriched mantle melts that were injected into the lower crust and 
provided the thermal input for the extensive partial melting that 
originated the high-K granitic melts.  Deep-seated interactions between 
felsic and mafic magmas were responsible for the characteristics of 
both magma suites.  The alkali-calcic and metaluminous character of 
the Devonian granitoids may correspond to the anatexis of an 
hornblende-rich source.  Stocks and syn-plutonic dykes represent 
hybrid mafic magma commingled/contaminated by felsic host magma, 
whereas microgranular enclaves formed either as globules of the hybrid 
mafic magma or as disrupted fragments of the stocks and dykes.  
Crystal fractionation of hybrid magmas together with in situ mingling 
are the two processes that control the chemical evolution of the Mg-K 
series.  Epsilon Nd from –1.4 to –2.8 and 87Sr/86Sr from 0·7038 to 
0·7043 in the quartz monzonites reflect an increasing contribution of 
crustal components in the more differentiated rocks of the Mg-K series. 
 
PAPER MILL BIOSOLIDS AND PIG SLURRY APPLICATIONS 
TO IMPROVE SOIL FERTILITY IN A HYBRID POPLAR 
PLANTATION  

LTEIF, A., arlettelteif@mail.mcgill.ca, WHALEN, J.K., McGill 
University, 21, 111 Lakeshore Road, Ste Anne de Bellevue, 
Montreal, QC, H9X 3V9, CAMIRÉ, C., Université Laval, 
Pavillon Abitibi-Price, QC, G1K 7P4, and BRADLEY, R.L., 
Université de Sherbrooke, Shebrooke, QC, J1K 2R1 

Hybrid poplars are fast-growing deciduous trees that can reach a 
harvestable size after 6 to 10 years, but they are often planted on 
marginal land where soil fertility is low, which increases the length of 
time from planting to harvest.  The application of fertilizers to such 
sites is expected to improve soil fertility and thus increase poplar 
growth and biomass accumulation.  A study was conducted in Ste-
Camille, Québec to assess the effects of fertilizer applications on soil 
fertility and nutrient uptake by hybrid poplar, Populus trichocarpa x 
Populus deltoides.  Ten fertilizer treatments were applied, including an 
unfertilized control, inorganic fertilizer at the recommended rate (35 kg 
N/ha), four organic fertilizer treatments that provided 35 Kg N/ha and 
four organic fertilizer treatments that provided 70 Kg N/ha.  The 
organic fertilizers were papermill biosolids and pig slurry, applied 
alone or in combination.  The treatments were replicated four times.  
Soil samples were collected about one month after treatments were 
applied and in September, just before senescence.  Soil pH, organic 
matter content and plant-available nutrient concentrations (N, P, K, Ca 
and Mg) were determined.  Foliage samples were also collected in 
September before senescence and the nutrient content (N, P, K, Ca and 
Mg) was evaluated.  The above-ground net primary production (ANPP) 
of hybrid poplar was higher in plots receiving organic fertilizers than in 
the control or the inorganic fertilizer treatment.  In addition, the ANPP 
was greater in plots receiving organic fertilizers at 70 kg N/ha than 
those receiving the 35 kg N/ha rate.  Relationships between soil 
fertility, nutrient uptake and ANPP in a hybrid poplar plantation will be 
presented, and the opportunities for using papermill biosolids and pig 
slurry as fertilizers in silviculture systems will be discussed. 
 
TETRAPOD FOOTPRINTS FROM JOGGINS, NOVA SCOTIA:  
A TEMPLATE FOR UNDERSTANDING CARBONIFEROUS 
TETRAPOD FOOTPRINTS  

LUCAS, S.G., HUNT, A.P., New Mexico Museum of Natural 
History, 1801 Mountain Road N.W., Albuquerque, NM 87104, 
USA, slucas@nmmnh.state.nm.us, CALDER, J.H., Nova Scotia 
Dept. Natural Resources, Halifax, NS, Canada, REID, D., 

116 



HEBERT, B., Joggins, NS, Canada, and STIMSON, M., 
Moncton, NB, Canada 

The fossil record of tetrapod footprints from Nova Scotia is the most 
stratigraphically complete record known for the Carboniferous.  
Discovered in 1841, it encompasses three well-sampled intervals and at 
least two more less studied horizons and is directly overlain by a large 
assemblage of earliest Permian tracks.  The early Westphalian Joggins 
locality is the most diverse Carboniferous ichnofauna in Nova Scotia 
and was the focus of early historic studies.  Footprints here come from 
a 1500-m thick stratigraphic interval that comprises the upper Boss 
Point through Joggins formations and spans the late Namurian-early 
Langsettian.  The Joggins tetrapod ichnofauna includes numerous 
amphibian tracks (Batrachichnus, Limnopus), at least three kinds of 
captorhinomorph tracks (Notolacerta, Pseudobradypus, “Hylopus”) and 
numerous anthracosaur/reptiliomorph tracks (“Baropezia” and a large, 
undescribed ichnogenus).  The age equivalent (Westphalian A) 
Parrsboro Formation yields the same ichnofauna, as do less well 
sampled, younger Westphalian sites in Nova Scotia (Abercrombie, 
Wallace River); European Westphalian track assemblages are similar.  
Thus, the Joggins tetrapod tracks well represent the Westphalian 
tetrapod ichnofauna. 
Study of a large sample of track slabs from Joggins allows clarification 
of many problems of Carboniferous footprint ichnotaxonomy.  For 
example, the large Joggins sample demonstrates that Asperipes is an 
extramorphological variant of temnospondyl tracks in which the 
“broken digits” are a digit extraction phenomenon.  The large range of 
variation in the Joggins sample of Batrachichnus allows us to recognize 
that ichnotaxa such as Barillopus and Salichnium are simply based on 
extramorphological variants.  The track assemblage from Joggins also 
provides useful insight into Westphalian tetrapod faunal composition.  
It suggests a tetrapod fauna with abundant amphibians, and with lesser 
numbers of anthracosaurs and early amniotes.  This well matches the 
composition of the Westphalian tetrapod chronofauna based on body 
fossils, indicating that the Joggins tetrapod footprints give overall an 
accurate impression of the tetrapod fauna that lived in equatorial 
wetlands during the Westphalian. 
 
HUMAN EXPOSURE TO MERCURY AND VULNERABILITY 
OF THE ECOSYSTEMS TO Hg LOADINGS:  INFLUENCE OF 
ENVIRONMENTAL MANAGEMENT AND SOCIO-
ECONOMIC BEHAVIOR  

LUCOTTE, M., CANUEL, R., DE GROSBOIS, S., MERGLER, 
D., ROUÉ, A. and PINSONNAULT, N., COMERN, Institute of 
Environmental Sciences, Université du Québec à Montréal, C.P. 
8888, Succursale Centre-Vile, Montréal, QC, H3C 3P8 

We have launched in 2001 the NSERC-supported pan-Canadian 
Collaborative Mercury Research Network (COMERN) project.  
COMERN addresses the urgent need for the development of a 
framework enabling researchers, political stakeholders, and 
communities concerned by the mercury question to evolve towards an 
interdisciplinary association capable of synergistically combining our 
knowledge on Hg into an original synthesis.  We are presently working 
at developing a simple index representative of the specific vulnerability 
of an ecosystem to Hg bioaccumulation and subsequent transfer to 
humans.  This index includes two concepts: (1) the sensitivity to 
bioaccumulation, induced and influenced by factors such as Hg 
loadings, the different transport and methylation processes, and human 
activities; (2) the adaptability of the ecosystem, an evaluation of its 
resilience, or its capacity to recover and/or to cope with the 
contamination, including considerations on human response to the 
stress imposed by contaminants, and taking into account the social and 
political resources within the communities impacted.  We started to 
apply this approach to four distinct case studies representative of the 
large spectrums of both Hg contamination and Hg exposure through 
fish consumption in Canada, i.e. sports fishers of lakes of the boreal 
forest, commercial fishers of the industrialized region of the St. 
Lawrence River, First Nation communities in Labrador and seafood 
consumers of the Bay of Fundy.  Learning acquired through this 
process is presented here. 
 

COMPARISION BETWEEN THE PALEOPROTEROZOIC 
SVECOFENNIAN VOLCANIC SEQUENCES AND THE MAJOR 
VMS-DEPOSITS (PYHÄSALMI AND VIHANTI) IN THE 
RAAHE-LADOGA ZONE, CENTRAL FINLAND  

LUUKAS, J.1, jouni.luukas@gtk.fi, MÄKI, T.2, KOUSA, J.1 and 
NIKANDER, J.1,  1 Geological Survey of Finland, Kuopio, 
Finland;  2 Pyhäsalmi Mine Oy, Pyhäsalmi, Finland 

The Paleoproterozoic bedrock of the northwestern part of the highly 
tectoniced NW-trending Raahe-Ladoga Zone (RLZ) belongs to the 
Svecofennian (1.95-1.80 Ga) domain between the Archaean Basement 
Complex (ABC) in the east and the Central Finland Granitoid Complex 
(1.88 Ga) in the southwest.  The Vihanti-Pyhäsalmi district (VPD) in 
NW part of the RLZ has been one of the most significant base metal 
mining camps in Finland. 
The VPD contains two major VMS deposits, Pyhäsalmi and Vihanti, 
with several small ore bodies.  Both are situated in the volcano-
sedimentary environment regarded as a part of a Paleoproterozoic 
primitive arc complex at the margin of the ABC. 
The Pyhäsalmi massive Zn-Cu-pyrite deposit (mined out plus reserves 
53.9 Mt @2.5% Zn, 0.9% Cu, 37.1% S, 14 ppm Ag, 0.40 ppm Au) is 
situated in the bimodal volcanic sequence.  The upper part of the 
massive ore is hosted by altered felsic and mafic volcanites, 
characterised by a voluminous serisite-cordierite-antophyllite rocks.  
Shear zones separate the deep part of the ore body from the upper part 
and the ore is hosted by unaltered volcanites with sharp and mylonitic 
contacts. 
The major constituents of the Pyhäsalmi volcanics are low- to medium-
K rhyolites (1.92 Ga), transitional between calc-alkaline and tholeiitic 
affinity, and sub-alkaline low- to medium-K tholeiitic basalts and 
basaltic andesites.  Trace element chemistry of the volcanic rocks 
indicates a mature island arc setting and is similar to those rhyolites 
associated with arc rifting in the Flin Flon belt in Canada. 
The Vihanti massive Zn-Cu-Pb deposit (mined in 1951-1992; 28 Mt @ 
5.12 % Zn, 0.48 % Cu, 0.36 % Pb, 25 ppm Ag, 0.49 ppm Au) is 
situated in the intermediate volcanic sequence.  Felsic and mafic 
volcanic rocks are sparce.  The massive ore is hosted in the calcareous 
felsic volcanic sedimentary horizon with altered (cordierite-sillimanite) 
quartz porphyry sill.  Recent studies indicate that the ore has formed by 
replacement processes related to this subvolcanic felsic intrusion.  A 
new zircon U-Pb age of quartz porphyric sill in Vihanti gives the same 
result (1.92 Ga) as rhyolites in Pyhäsalmi. 
Pyhäsalmi and Vihanti ore bodies are both related to felsic magmatic 
activity but were formed in different type of geological environment. 
 
NITROGEN DYNAMICS IN ORGANIC POTATO 
PRODUCTION  

LYNCH, D.H., Organic Agriculture Centre of Canada, Nova 
Scotia Agricultural College, PO Box 550, Truro, NS, B2N 5E3, 
dlynch@nsac.ns.ca, and ZEBARTH, B.J., Potato Research 
Centre, Agriculture and Agri-Food Canada, PO Box 20280, 
Fredericton, NB, E3B 4Z7 

The increased demand for organically produced potatoes suitable for 
the processing market, and availability of approved soil amendments, 
may change the intensity of nutrient use in organic potato production.  
Potato yield benefits following compost application have also been 
linked to improved soil moisture retention.  A study conducted in 2003 
and 2004 at Brookside, NS and Kentdale Farms, PEI, examined crop 
response and nitrogen dynamics under organic potato production as 
affected by contrasting organic amendments.  A commercial compost 
(COMP) and a pelletized dehydrated poultry manure product (NUTR) 
were applied at 300 and 600 kg total N ha-1 to potato variety Shepody 
and selection A90586-11 (McCains).  Soil N dynamics in season were 
monitored using standard soil and petiole sampling techniques, 
recovery of whole plant samples at topkill, and N sorbed on 
anion/cation exchange Plant Root Simulator (PRS™) probes 
(www.westernag.ca) placed in situ in root exclusion cores until hilling 
(0-30dap).  Soil inorganic N was also quantified post-harvest and the 
following spring.  Potato variety failed to influence crop yields or N 
recovery at all sites and years.  In un-amended plots, relatively high 
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tuber yields (26.5 ± 5.3 t ha-1) and crop N recovery (120.3 ± 28.2 kg N 
ha-1) was reflective of the long rotations (4-yr +) characteristic of 
organic potato production.  Treatment NUTR at the lower rate alone 
consistently increased yields (+ 4.9 t ha-1 avg.) in both years.  These 
gains were matched by COMP applied at 600 kg total N ha-1 in 2004.  
Poultry manure treatments alone increased tuber N concentration and 
decreased tuber specific gravity.  Apparent N recovery ranged for low 
and high treatment application rates, respectively, from –1.3% to 1.2% 
(COMP) and 18.2 to 25.4% (NUTR).  Soil nitrate at harvest was below 
regional averages (~60 kg N ha-1) for residual soil nitrate following 
potatoes, except for treatment NUTR applied at 600 kg total N ha-1.  At 
all sites, inorganic N sorbed on PRS™ probes reflected N release from 
organic amendments, and was strongly related to seasonal crop N 
uptake, whether buried in situ for 3 or 30 days after planting (R2 = 0.96 
and 0.99, respectively).  Given current premiums for certified organic 
potatoes, enhancing yields through application of organic amendments 
in season appears warranted.  PRS™ probes may be an effective tool to 
address the uncertainty associated with N availability from soil and 
organic amendments, however, and avoid risks to crop quality and the 
environment associated with excessive N supply. 
 
AN EARLY CRETACEOUS INTRUSIVE COMPLEX IN THE 
DABIESHAN ULTRAHIGH PRESSURE (UHP) 
METAMORPHIC TERRANE, EAST CHINA:  EVIDENCE FOR 
THE BEGINNING OF POST-OROGENIC COLLAPSE OF 
CRUSTAL ROOT  

MA, C.Q., cqma@cug.edu.cn, SHE, Z.B. and AI, X.L., China 
University of Geosciences, Wuhan 430074, China 

The Dabie Mountains (Dabieshan) in east China contain the largest 
areal exposure of diamond- and coesite-bearing ultrahigh-pressure 
(UHP) regional metamorphic rocks known on Earth, as a result of the 
collision between the Sino-Korean Craton and the Yangtze Craton in 
Triassic times.  The Dabieshan display a rather profound Mesozoic 
granitic magmatism that post-dates the UHP metamorphism.  New U-
Pb zircon ages and geochemical data for intrusive rocks from the 
Liujiawa mafic-felsic Complex in the UHP terrane, indicate that this 
complex is related to a transition from collisional contraction to post-
orogenic extension collapse.  Two types rocks within the intrusive 
complex are identified:  (1) Mafic rocks consist mainly of 
gabbro,diorite and quartz diorite,characterized by moderate to low 
LREE/HREE and Rb/Nb ratios, and low-moderate 87Sr/86Sr iniatial 
ratios and >Nd (130 Ma) values of 0.7069~0.7092 and *17C~-23, 
respectively; and  (2) granitoid rocks consist of monzogranite and 
tonalite, dated at 135.4±2.7 Ma£¨MSWD=0.326£©using U-Pb zircon 
techniques.  The granitic rocks are adakite-like rocks, characterized by 
high LREE/HREE and Sr/Y ratios, and moderate 87Sr/86Sr iniatial 
ratios, low >Nd (130 Ma) values of 0.7071~0.7082, and *19C~-25, 
respectively.  Four granotoid samples give an average 
Palaeoproterozoic Nd depleted mantle model age of 2.1 Ga.  
Geochemical modelling indicates that the mafic rocks could have been 
produced from interaction crust-derived felsic and mantle-derived 
mafic magmas during the initiation of post-orogenic extension to 
transtension, whereas granitic rocks could have derived from fractional 
crystallization of Liujiawa gabbro magmas parired with assimilation of 
anatectic Archean TTG rock melt beneath a crustal root of the orogenic 
belt. 
 
GEOLOGICAL SETTING OF THE SMITH OPTION:  AN 
OPHIOLITE-HOSTED Cu(-Zn) MASSIVE SULFIDE SYSTEM, 
BATHURST MINING CAMP, NORTHEASTERN NEW 
BRUNSWICK  

MACDONNELL, D.A.G., LENTZ, D.R., University of New 
Brunswick, Fredericton, NB, E3B 5A3, dlentz@unb.ca, and 
WALKER, J.A., Mineral Resources Division, Department of 
Natural Resources, Bathurst, NB, E2A 3Z1 

In an area of complex tectono-stratigraphy with numerous volcanic 
massive sulfide deposits at different stratigraphic positions such as the 
Bathurst Mining Camp (BMC), determining a deposit’s local to 
regional geologic setting is fundamental to understanding its origin, and 
to formulating an appropriate exploration model.  The Smith Option 

Cu-rich massive sulfide occurrence is unique in the Bathurst Mining 
Camp, because it is associated with a deformed ophiolitic mafic to 
ultramafic volcanic package (Sormany Formation) of the Middle 
Ordovician Fournier Group.  It lies on the eastern limb of the 
Tetagouche Antiform, just east of the D1 thrust separating the 
California Lake Group from the Fournier Group.  Following its 
discovery in 1968, geological, geochemical, magnetic, and 
electromagnetic surveys were conducted along with trenching, which 
revealed notable Cu grades, including a 0.6 m zone of 0.58% Cu.  
Further trenching was conducted in 1973 exposing chalcopyrite, 
bornite, malachite, and pyrite mineralization with assays up to 7.2% Cu 
over 0.3 m.  The massive sulfides are predominantly hosted in chloritic 
schist and silicified basalts that are enclosed within locally magnetic 
mafic flows.  Sixteen holes were drilled in the area, seven of which 
encountered considerable Cu, including 1.39% Cu over 2.7 m in a 
magnetite- and sphalerite-bearing sulfide exhalite (Fe-formation).  
However, an analysis of one of the schistose magnetite-pyritic sulfide 
zones in outcrop (23 cm chip sample) yielded 0.38 wt% Cu with 550 
ppm Co and 990 ppb Hg, but only 200 ppm Zn, 20 ppm Pb, 5 ppm Ag, 
and 150 ppb Au. 
Whole-rock geochemical analyses (n=27) from outcrop and selected 
drill holes indicate a zoning of the host volcanic sequence.  The 
stratigraphically lowest rocks are ocean floor ultramafic basalts 
(picrite) with MgO up to 32.0 wt%, very low alkalis, and Cr up to 2100 
ppm, whereas the stratigraphically highest rocks are within-plate 
tholeiitic basalts.  N-MORB to EMORB compositions occur within the 
central part of the sequence with the overall FeOtotal/MgO ranging from 
0.5 to 3.0, and TiO2 contents of between 0.7 and 3.5 wt%.  The 
immediate footwall and hanging wall volcanic rocks and host chloritic 
schists have NMORB characteristics, with low Cr (~ 100 ppm), Nb (~ 3 
ppm), Ta (~ 0.13 ppm), Th (0.16 ppm), and La (3.2 to 5.2 ppm), with 
higher Yb (~ 2.0 to 3.1 ppm), and flat chondrite-normalized rare-earth-
element patterns.  This host rock geochemistry is consistent with the 
Smith option being, an ophiolite-related, Cyprus-type VMS Cu deposit, 
unique to the BMC. 
 
GEOCHEMICAL AND ISOTOPIC (Sm-Nd AND Lu-Hf) 
COMPOSITION OF CA. 2.73-2.69 GA KOMATIITE AND 
BASALT OF THE PRINCE ALBERT GROUP, COMMITTEE 
BAY GREENSTONE BELT, NUNAVUT, CANADA  

MACHATTIE, T.G., trevor@ualberta.ca, HEAMAN, L.M. and 
CREASER, R.A., Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3 

The northeastern Rae domain of the Canadian Shield contains some 
unique Archean supracrustal sequences, characterized by an unusual 
abundance of komatiite and a quartzite-komatiite association.  This 
association is well recognized in the Woodburn Lake (WLg) and Prince 
Albert (PAg) groups.  U-Pb zircon ages of the volcanic sequences 
confirm they are contiguous, and together they extend from the central 
mainland of Nunavut across Committee Bay to Melville Peninsula, a 
distance of ~1000 km.  This paper presents geochemical, Sm-Nd and 
Lu-Hf isotopic data for komatiite and basalt along a ~300 km segment 
of the 2.73-2.69 Ga PAg volcanic sequence.  Numerous lines of 
evidence now suggest the tectonic setting of PAg ultramafic-felsic 
volcanism was a continental rift, and that the underlying basement was 
juvenile (~40 to <150 Ma older).  In such a setting it is not surprising 
that several basalts (~50%) possess trace-element geochemical 
signatures indicative of crustal contamination (e.g., high Th/NbN); 
although, only one sequence of komatiite flows display these 
geochemical signatures.  To evaluate mantle melting scenarios and 
characterize sources of komatiite and basalt, contaminated samples are 
omitted from the following discussion. 
Uncontaminated komatiite have strongly depleted to un-fractionated 
light rare earth elements (Ce/SmN=0.39-1.06) and show both depletion 
and enrichment in the heavy rare earth elements (Gd/YbN=0.52-1.32).  
Uncontaminated basalt is moderately depleted to enriched in 
incompatible elements (Ce/SmN=0.60-2.13; Gd/YbN=1.0-3.24).  The 
initial Nd isotopic composition (>Nd(T)) of komatiite ranges from +2.0 
to +3.9 (n=24), although, most (n=21) are between +2 and +3.  The 
initial Nd isotopic composition of basalt ranges from +1.7 to +2.9 
(n=9), identical to most komatiite.  When komatiite and basalt collected 
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within the ca. 2.73 Ga volcanic horizon (with >Nd<+3) are plotted on a 
Sm-Nd isochron diagram (n=19) they yield an errorchron age of 
2729±28 Ma (MSWD=3.9).  Currently only komatiite and basalt from 
the ca. 2.73 Ga horizon have been analyzed for their Lu and Hf isotopic 
compositions.  A statistically significant Lu-Hf isochron composed of 
komatiite and basalt (MSWD=0.92; n=9) yields an age of 2719±37 Ma 
when a terrestrial U-Pb calibrated 176Lu decay constant is used.  The 
mean initial >Hf(2730 Ma) is +5.6±0.8 (2F).  The Sm-Nd and Lu-Hf 
isochrons are corroborated by U-Pb zircon ages of intercalated 
volcanics. 
The fractionation of highly to moderately incompatible trace elements 
observed in PAg komatiite and basalt suggests a near-fractional, 
polybaric mantle melting regime initiated in garnet stability field.  
Uniformly depleted Nd and Hf isotopic compositions indicate the 
source was located within the upper mantle. 
 
IN-SITU THIN-SECTION U-Pb ZIRCON DATING USING LA-
MC-ICP-MS:  EVIDENCE FOR CRUSTAL RECYCLING 
WITHIN THE PALEOPROTEROZOIC WATHAMAN 
BATHOLITH, TRANS-HUDSON OROGEN, SASKATCHEWAN  

MACHATTIE, T.G., trevor@ualberta.ca, SIMONETTI, A. and 
HEAMAN, L.M., Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3 

Ancient arc magmatism at continental margins has produced several of 
the largest Precambrian and Phanerozoic granitoid batholiths.  
Numerous field, geochemical and tracer isotope investigations indicate 
that arc magmatism involved a dominant mantle-derived component 
and variable crustal contributions.  Quantifying the amount of crustal 
recycling involved in the generation of these massive batholiths is 
important in deciphering the emplacement mechanisms of mantle-
derived magmas at continental margins, and their potential contribution 
to crustal growth.  However, this task is often rendered difficult due to 
the uncertain nature (e.g., age and chemical composition) of the 
contaminant(s).  The occurrence of pre-magmatic zircon in 
intermediate and felsic plutonic rocks is often the only remaining 
evidence of crustal recycling.  Age determinations of the crustal 
component(s) involved are essential in geochemical and isotopic 
mixing models that attempt reliable estimates of the amount of crustal 
recycling. 
This study focuses on the ca. 1850-1865 Ma Wathaman batholith, a 
massive (>900 km long and 150 km wide) continental arc batholith 
located within the Trans-Hudson orogen.  It intrudes Archean 
continental rocks along its northern margin and mainly juvenile 
Paleoproterozoic volcano-sedimentary assemblages to the south.  Thus, 
the variable age range of potential contaminants provides an excellent 
opportunity to possibly identify the nature and amount of crystal 
recycling involved in the petrogenesis of the batholith.  A preliminary 
in-situ U-Pb zircon isotopic age dating investigation was attempted 
using a petrographic thin section of a quartz diorite collected from the 
southern margin.  The in-situ thin section study is possible due mainly 
to the multiple ion counting collector configuration housed within the 
MC-ICP-MS (NuPlasma) instrument at the University of Alberta.  The 
multiple ion counting capability permits ‘lasering’ at spot sizes =40 
microns and low energy output (~2 J/cm2), resulting in shallow ablation 
pits (~15 microns).  A total of 8 zircon grains were ablated, with five 
grains yielding 207Pb/206Pb ages between 1840-1848 Ma and a 
concordia age of 1845.4 ±5 Ma (2F).  One grain had a slightly older 
age of 1866 Ma, and likely represents the reworking of an earlier 
magmatic phase of the batholith.  The remaining two grains yield ages 
of 1881 and 1927 Ma respectively; these ages are consistent with 
episodes of volcanism and plutonism recorded in the southern margin 
crustal rocks.  The preliminary data obtained from the Wathaman 
batholith quartz diorite indicate that earlier magmatic phases, and 
juvenile crustal material may have been important source components 
to the southern margin of the batholith. 
 
GEOMETRIC AND KINEMATIC ANALYSIS OF A SEGMENT 
OF THE MINAS FAULT SYSTEM, NOVA SCOTIA, CANADA  

MACINNES, E.A., Conocophillips Canada, 401 9th Avenue SW, 
Calgary, AB T2P 3C5, and WHITE, J.C., Department of 

Geology, University of New Brunswick, Fredericton, NB, E3B 
5A3 

The western segment of the Minas fault system (Cobequid fault) forms 
the high-strain boundary of an asymmetric Carboniferous 
transpressional basin currently centred on the Mesozoic transtensional 
Minas basin, Nova Scotia, Canada.  Along this boundary between 
Avalon and Meguma terranes, over which Carboniferous basins form, 
there is regional partitioning of strain into an external zone of largely 
contractional structures (proximal to Avalonia) and a zone of intense 
shear along the main fault zone structure.  The transpressional nature of 
the basin and the fault zone is expressed at all scales through the 
sequential development of distinctive macroscopic structures (folds and 
faults), fabrics (foliations and lineations) and microstructures.  Ductile 
fabrics are composite features derived by multiple transposition of pre-
existing layers.  The partitioning of deformation into discrete zones can 
be correlated with distinct deformation mechanism.  Fluid flow and 
vein formation within the most highly strained rocks are central to 
elucidation of the hardening-softening cycles that occur during fault 
zone displacement.  Despite the gross differences in style between 
internal and external zones, the progressive development sequence of 
folds, cleavages and lineations is similar in both domains.  The latter 
demonstrates the development of what can appear to be deformed rocks 
of higher grade, when their change in appearance relative to shallow 
crustal sedimentary units solely results from the amount of accumulated 
finite strain.  Deformation can be summarized as a broad, initially 
diffuse, zone of triclinic transpression that has evolved into zones of 
distinct structural style and variations in finite strain. 
 
SUBAERIAL EXPOSURE SURFACES IN THE DEVONIAN 
SNIPE LAKE REEF COMPLEX, WEST-CENTRAL ALBERTA  

MACK, B., bjswmack@telus.net, and CHOW, N., University of 
Manitoba, Dept. of Geological Sciences, Winnipeg, MB, R3T 
2N2, Canada 

The Snipe Lake reef complex in the Swan Hills Formation (earliest 
Frasnian) is a well-preserved, hydrocarbon-bearing reef buildup in 
west-central Alberta.  It consists of five platform cycles and five reef 
cycles arranged in a backstepping pattern.  Subaerial exposure surfaces 
and corresponding paleosol horizons have been recognized in this 
buildup at the top of the fourth platform cycle (P4), within the first 
reefal cycle (R0.5) and the top of the fourth reef cycle (R4).  The P4 
and R0.5 surfaces are examined in this study.  Paleosol horizons at P4 
and R0.5 are characterized by a range of pedogenic features which 
include from top to bottom, green shale beds, rhizoliths, fitted-fabric 
lithoclasts, glaebules, peds, argillaceous laminar calcretes, green shale 
in cracks and vugs, and pendant cements developed in vugs.  The P4 
paleosol profile developed in peloidal wackestones-packstones to 
Amphipora floatstones and ranges from 0.5 to 2 m thick.  Exposure 
features are developed laterally across the P4 surface.  The R0.5 
paleosol profile developed in lithofacies ranging from peloidal 
wackestones-packstones to stromatoporoid floatstones to rudstones.  
The preserved paleosol horizon ranges from 0.3 to 1.2 m thick and 
rarely up to 2 m.  Exposure features observed at R0.5 are variable 
laterally across the reef.  The differences in observed exposure features 
below the P4 and R0.5 surfaces are most likely related to the extent of 
relative sea level fall, variations in substrate lithology and degree of 
erosion by the subsequent transgression. 
 
PETROLOGICAL AND ISOTOPIC STUDIES OF THE 2001 
AND 2002/3 ERUPTIONS OF MT. ETNA, SOUTHERN ITALY  

MACLEAN, N.J., University of Regina, 3737 Wascana Parkway, 
Regina, SK, S4S 0A2, macleann@uregina.ca, COULSON, I.M., 
University of Regina, 3737 Wascana Parkway, Regina, SK, S4S 
0A2, and STUART, F.M., Scottish Universities Environmental 
Research Centre, East Kilbride, G75 0QF 

Our study focuses on the products of the July 17 - August 10, 2001 and 
October 26, 2002 - January 28, 2003 eruptions of Mt. Etna volcano, 
southern Italy.  During the 2001 eruptive phase, lava was fed from 
fissures that were confined to the southern flanks of the volcano.  By 
contrast, the 2002/3 eruptive episode was comprised of simultaneously 
erupted lava and pyroclastic materials from vents on Etna’s 
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northeastern and southern flanks.  Consequently, a study of these 
materials will afford unrivaled insight into the volcanic feeder system 
for these eruptions and, more importantly, allow us to discern any 
commonality between these products that were erupted in close space 
and time.  Petrological and geochemical (major, trace, RE element) 
data, and electron microprobe analyses of selected minerals, in 
combination with a detailed study of the helium isotopic character of 
olivine and pyroxene phenocrysts, from a representative suite of 
samples, are used to further constrain source versus differentiation 
processes in the evolution of the eruptions and volcano.  Furthermore, 
as Mt. Etna is located in a tectonically complex area with a geological 
setting that is not fully understood, our study will also facilitate an 
improved understanding of the tectonic environment responsible for 
magma generation at Mt. Etna. 
 
DOES THE EARLY CAMBRIAN ICHNOGENUS OLDHAMIA 
RECORD DEEP-MARINE BEHAVIOURAL OPTIMISATION?  

MACNAUGHTON, R.B.1, romacnau@nrcan.gc.ca, LANE, L.S.1 
and JENSEN, S.2,  1 Geological Survey of Canada (Calgary), 
3303-33rd St.NW, Calgary, AB, T2L 2A7, 2 Area de 
Paleontologia, Facultad de Ciencias, Universidad do Extremadura 
06071 Badajoz, SPAIN 

It has been proposed that the stratigraphic record of deep-marine trace 
fossils records behavioural optimisation leading to increasingly 
efficient use of infaunal nutrients.  The ichnogenus Oldhamia occurs in 
Lower Cambrian, deep-marine successions and consists of fan-shaped 
or dendritic networks of small, generally tightly spaced burrows 
radiating from a common point or axis.  Published work suggests that 
Oldhamia evolved from predominantly radial to dendritic burrow 
patterns during the Early Cambrian, providing an early example of 
behavioural optimisation.  We report new data that (1) confirm and 
expand on previously suggested trends for the ichnogenus’ evolution 
and (2) provide constraints on the timing of its first appearance. 
In the southern British Mountains (Yukon Territory), Oldhamia is 
common in a Neoproterozoic?-Cambrian succession of turbiditic 
sandstone, shale, siltstone, and minor limestone that was deposited on a 
north-facing margin, probably a prograding slope.  Despite faulting and 
folding an informal lithostratigraphy can be recognized consistently.  A 
basal stratigraphic interval is barren, but the succeeding 1300 m of 
strata display three stratigraphically restricted trace-fossil assemblages.  
The basal assemblage consists of Oldhamia wattsi (irregular, loosely 
spaced, radiating burrows) and simple, horizontal burrows.  This is 
succeeded by a medial assemblage of Oldhamia wattsi, horizontal 
burrows, and poorly formed Oldhamia radiata (straight burrows 
radiating from a common point) and Oldhamia curvata (curved 
burrows radiating from a common point or axis).  The uppermost 
assemblage contains well-formed Oldhamia radiata, Oldhamia 
curvata, and Oldhamia flabellata (burrows arranged in a dendritic 
pattern).  These assemblages reflect the transition from relatively 
inefficient burrowing (Oldhamia wattsi) to a younger assemblage in 
which tightly radiating or dendritic Oldhamia permitted more efficient 
mining of nutrients. 
The Oldhamia wattsi assemblage sheds light on the poorly understood 
early history of Oldhamia.  Specimens very similar to Oldhamia wattsi 
have recently been collected from the well-dated, late Ediacaran 
Ediacara Member of South Australia, indicating that the ichnogenus’ 
evolution began prior to the Cambrian.  Interestingly, this occurrence is 
in strata of shelf (pro-delta) origin.  This raises the possibility that 
Oldhamia originated in shallow-water settings and later expanded into 
deeper water settings, a trend also reported for several other 
predominantly deep-marine ichnogenera. 
 
JUXTAPOSED OCEANIC AND CONTINENTAL BASALTS IN 
THE MID-ARCHEAN IVISÂRTOQ GREENSTONE BELT, 
GODTHÅBSFJORD REGION, SOUTHWEST GREENLAND  

MADER, M.M., marianne_mader@yahoo.ca, SYLVESTER, P.J. 
and MYERS, J.S., Memorial University of Newfoundland, St. 
John's, NL, A1B 3X5 

The exceptionally well-preserved Archean Ivisârtoq greenstone belt is 
situated ~40 km south of the Isua greenstone belt within the 

Godthåbsfjord region, southwest Greenland.  This region is part of the 
Archean gneiss complex of Greenland, a major part the 3900-2500 Ma 
North Atlantic Craton.  Compared to the Isua greenstones, some of the 
oldest preserved rocks known, the Ivisârtoq greenstone belt has not 
been studied extensively. 
The Ivisârtoq greenstone belt forms a southwest-closing, V-shaped 
synform, subjected to amphibolite facies metamorphism.  This study 
concentrated on the 3 km thick southern limb of the synform, where the 
most complete section of the stratigraphy is preserved, and where there 
are pillow structures with unambiguous way-up indicators.  The 
southern limb has been divided into two parts, northern and southern, 
based on composition and intensity of deformation.  The two parts are 
separated by a major shear zone. 
The northern part of the belt is generally less deformed than the 
southern part and is characterized by heterogeneously deformed 
amphibolites, derived from ocellar and non-ocellar pillow basalts, 
interlayered with boudins of olivine-bearing ultramafic rocks and 
quartz-feldspar-mica gneisses and schists.  The southern part consists 
of strongly deformed rocks including banded amphibolites, 
homogenous granitic rocks, gabbroic rocks, and a thick layer of 
predominantly quartz-feldspar-biotite-schist. 
New major and trace element geochemical data, LAM ICP-MS U-Pb 
zircon geochronology, and field mapping has shed new light on the 
origin of the Ivisârtoq greenstone belt.  This work supports a new 
model in which the northern and southern parts of the belt represent 
discrete packages of rocks that formed in different environments and 
were juxtaposed before ~3052 Ma, after the main volcanism associated 
with each part ceased. 
Based on crustal contamination signatures of the amphibolites in the 
northern part of the belt, an environment similar to a back-arc basin is 
envisioned for this region, wherein the amphibolites derived from 
pillow basalts ascended through thin, patchy or immature crust.  An U-
Pb age of an intrusive tonalite sheet demonstrates that the northern 
pillow basalts were deposited before ~3186 Ma. 
The southern greenstones are interpreted to represent continental flood 
basalts.  Several lines of evidence suggest that the southern belt formed 
on a thick continental crust including: crustal contamination signatures 
of the banded amphibolites, the presence of felsic metasediments, A-
type granites, and a meymechitic horizon, which is indicative of deep 
melting of subcontinental mantle.  A maximum age of ~3093 Ma was 
determined for the southern felsic metasedimentary unit. 
 
RECONSTRUCTION OF A LARGE DEEP-CRUSTAL 
TERRANE:  IMPLICATIONS FOR THE SNOWBIRD 
TECTONIC ZONE AND EARLY GROWTH OF LAURENTIA  

MAHAN, K.H., kmahan@geo.umass.edu, WILLIAMS, M.L., 
DUMOND, G., Department of Geosciences, University of 
Massachusetts-Amherst, Massachusetts, 01003, USA, and 
CARD, C., Saskatchewan Geological Survey, Sask. Industry 
Resources, 2103 - 11th Avenue, Regina, SK, S4P 3V7, Canada 

The ~2800-km-long Snowbird tectonic zone is a well-recognized but 
still enigmatic tectonic feature in the western Churchill Province of the 
Canadian Shield.  It has been interpreted as a Paleoproterozoic 
continental suture or alternatively, as an Archean strike-slip fault 
system but here, we suggest that the distinctive geometry of the central 
Snowbird tectonic zone is primarily due to the interaction of 
crosscutting Paleoproterozoic (ca. 1850-1800 Ma) intracontinental 
thrust and strike-slip shear zones having a length scale on the order of 
hundreds of kilometers.  First, a ~500 km long shear zone system 
records east-vergent thrusting that we suggest was coeval with early 
continent-continent collision in the Trans-Hudson orogen.  This system, 
consisting of the Legs Lake shear zone and extensions further north as 
well as an early phase of shearing within the Virgin River shear zone 
(south of the Athabasca basin), accommodated uplift of a large 
exposure of granulite-facies lower continental crust in the Rae domain.  
Younger, dextral strike-slip structures, including the Grease River and 
late-stage Virgin River shear zones, offset (by as much as 110 km) and 
segmented the thrust zone.  These later faults may be analogous to 
some Asian strike-slip fault systems behind the modern Himalayan 
orogen.  Thus, the current geometry and distribution of deep-crustal 
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rocks in this region represent a relatively late stage in the tectonic 
evolution of the western Churchill province rather than an accretionary 
one.  Earlier structures oriented at a high angle to the Snowbird tectonic 
zone may record the fundamental accretionary history in this part of 
Laurentia. 
 
LOW-TEMPERATURE THERMOCHRONOLOGY OF THE 
MAIN ANDES OF CENTRAL CHILE (33°-35°S):  INSIGHTS 
FROM ZIRCON AND APATITE FISSION TRACK ANALYSIS 
OF MIOCENE PLUTONS  

MAKSAEV, V., vmaksaev@cec.uchile.cl, MUNIZAGA, F., 
CHARRIER, R., Departemento de Geología, Universidad de 
Chile, Casilla 13518, Correo 21, Santiago, Chile, and ZENTILLI, 
M., zentilli@dal.ca, Department of Earth Sciences, Dalhousie 
University, Halifax, B3H 4J1, Canada 

The Neogene exhumation of the Main Andes of central Chile (33°-
35°S) is reviewed on the basis of its thermal history.  Zircon and apatite 
fission track (FT) analyses provide quantitative information on the 
spatial variation of thermal histories throughout the region.  New FT 
dates (15 zircon and 21 apatite) were obtained for Miocene plutons of 
the western slope of the Main Andean Cordillera in central Chile.  The 
zircon FT ages range from 5.3 to 13.8 Ma and are similar to 40Ar/39Ar 
ages of the respective plutons, indicating that the dated intrusions were 
emplaced and cooled above the zircon partial annealing zone.  The 
apatite FT ages range from 3.2 to 21.1 Ma.  A few of these apatite FT 
ages are also coincident with the 40Ar/39Ar ages of the respective 
plutons, signifying that the dated samples cooled above the apatite 
partial annealing zone, and subsequent denudation was locally less than 
~3.5 km (assuming a 30ºC/km paleogeothermal gradient).  This 
interpretation is consistent with the preservation of upper Miocene 
volcanic rocks (Farellones Formation) in the region.  However, most of 
the apatite FT dates are significantly younger than the respective 
40Ar/39Ar age of the plutons, and long track lengths (>14:m) and small 
standard deviations (<1.5 :m) define a distinctive cooling episode 
between ~3 and 6 Ma during which the plutons cooled through ~120°-
60°C.  This episode probably represents a period of enhanced 
denudation (exhumation) reflecting the effect of crustal shortening and 
tectonic uplift of the Main Andean Cordillera in central Chile.  This 
cooling episode temporally coincides with the formation and rapid 
exhumation of world-class Cu-Mo porphyry deposits (i.e. El Teniente, 
Río Blanco - Los Bronces), and mass wasting of Oligocene - Miocene 
volcanic rocks on the western slopes of the Andean Cordillera at the 
same latitude. 
 
INFLUENCE OF LONG-TERM APPLICATION OF N AND S 
FERTILIZERS (1980-2002) AND LIMING IN 1992 ON DRY 
MATTER YIELD OF GRASS AND SOIL PROPERTIES IN A 
DARK GRAY CHERNOZEM IN NORTH-CENTRAL 
SASKATCHEWAN  

MALHI, S.S.1, malhis@agr.gc.ca, NYBORG, M.2, SOLBERG, 
E.3, DEMULDER, J.3, ZHANG, Z.3, WANG, Z.H.1 and LEACH, 
D.1,  1 Agriculture and Agri-Food Canada, Research Farm, P.O. 
Box 1240, Melfort, SK, S0E 1A0;  2 Department of Renewable 
Resources, University of Alberta, Edmonton, AB, T6G 2E32;  3 

Alberta Agriculture, Food and Rural Development, Crop 
Diversification Centre North, R.R. 6, 17507 Fort Road, 
Edmonton, AB, T5B 4K3 

The objective of this study was to determine the effects of long-term N, 
S and K fertilization (from 1980 to 2001) and liming in 1992 on forage 
dry matter yield (DMY) and soil properties in a Dark Gray Chernozem 
in north-central Saskatchewan.  The results showed that application of 
N or S alone had only a little effect on DMY, although the effect of S 
was slightly greater than N.  But, application of N together with S 
substantially increased DMY.  Decline of soil pH with annual 
applications of N and S fertilizers mainly happened in the 0-5 cm layer.  
In layers below 10 cm, soil pH tended to increase with N or NS 
fertilization, and this probably was due to downward movement of Ca 
or other bases.  Surface application of granular lime increased soil pH 
mainly in the 0-5 cm layer, and maintained the high pH for at least 9 
years.  The TOC and TN in the 0-7.5 cm soil layer increased 

significantly with annual applications of N and S fertilizers, and the 
increase of was more with application of both N and S together 
compared to only N fertilizer.  In the subsoil layers, the N alone 
treatment tended to decrease TOC and TN in the 7.5-30 cm layers, but 
the NS treatment increased TOC and TN in all layers of 15-37.5 cm 
soil depth.  This suggests that application of N alone was not able to 
increase C and N sequestration in the soil profile as effectively as the 
application of N and S together.  Annual applications of N and S 
fertilizers markedly increased LFC and LFN in the 0-7.5 cm soil layer, 
and the increase was substantially more when N and S fertilizers were 
applied together than when only N fertilizer was applied.  In the subsoil 
layers, the NS treatment increased LFC and LFN in all layers in 7.5-
37.5 cm soil depth.  The LFC in the total of the five layers from 0 to 
37.5 cm depth indicated that application of N and S fertilizer increased 
light fraction of C and N sequestrated in soil, and the increase was 
more with application of N together with S than with N alone. 
 
BIOMASS ACCUMULATION AND NUTRIENT UPTAKE OF 
CEREALS AT DIFFERENT GROWTH STAGES IN THE 
PARKLAND REGION OF SASKATCHEWAN  

MALHI, S.S.1, malhis@agr.gc.ca, JOHNSTON, A.M.1, 
SCHOENAU, J.J.2 and WANG, Z.H.1, 3,  1 Agriculture and Agri-
Food Canada, Research Farm, Highway 6 South, P.O. Box 1240, 
Melfort, SK, S0E 1A0;  2 Department of Soil Science, University 
of Saskatchewan, Saskatoon, SK, S7N 5A8;  3 College of 
Resources and Environmental Sciences, Northwestern Sci-Tec 
University of Agriculture and Forestry, Yangling, Shaanxi 
712100, P.R. China 

Field experiments were conducted with spring wheat (cv. AC Barrie - 
CWRS and cv. AC Taber - CPS), barley (cv. AC Oxbow - malt and cv. 
AC Lacombe - feed) and oats (cv. CDC Boyer or CDC Pacer) in 1998 
and 1999 at Melfort, Saskatchewan, Canada, to determine biomass 
accumulation and nutrient uptake in cereal crops at different growth 
stages, and their relationship.  All cereal crops followed a similar 
pattern of biomass and nutrient accumulation, which increased at early 
growth stages, reached at maximum and then decreased at late growth 
stages.  Cereal crops usually reached their maximum biomass at late 
milk to full ripening stages (72-90 days after emergence), although 
some cultivars had a several days difference between the two years.  
Maximum biomass accumulation rate was 164-204 kg ha-1d-1 for wheat, 
211-308 kg ha-1d-1 for barley and 185-217g ha-1d-1 for oats.  
Maximum uptake of nutrients usually occurred at beginning of flower 
to late milk (63-82 days after emergence) in both years.  Maximum 
accumulation rate of N, P, K and S was 2.0-4.7, 0.3-0.4, 2.4-5.1 and 
0.3-0.5 kg ha-1d-1 for wheat, 2.4-5.2, 0.3-0.5, 3.1-7.6 and 0.4-0.8 kg ha-

1d-1 for barley, and 2.7-3.6, 0.3, 4.2-4.7 and 0.4-0.5 kg ha-1d-1 for oats, 
respectively.  Both seed yield and nutrient uptake were lower in 1999 
than in 1998, due to differences in weather conditions in the growing 
season in the two years.  In summary, maximum nutrient accumulation 
rate occurred earlier than maximum biomass accumulation rate, and 
maximum nutrient uptake occurred earlier than maximum biomass.  
This indicates that in order to get high seed yields, there should be 
sufficient supply of nutrients to ensure higher nutrient uptake rate at 
tillering to stem elongation growth stage first, then a higher biomass 
accumulation rate at early to late boot growth stage, a greater nutrient 
uptake at beginning of flower to late milk growth stage, and a greater 
biomass at late milk to full ripening growth stage.  This also suggests 
that sufficient supply of nutrients from soil/fertilizers at early growth 
stages is of great importance for high-yield crop production systems. 
 
NITROGEN FERTILIZATION IMPROVES QUANTITY AND 
QUALITY OF ORGANIC MATTER IN A GRASSLAND SOIL  

MALHI, S.S.1, malhis@agr.gc.ca, WANG, Z.H.1, 2, MONREAL, 
C.M.3 and HARAPIAK, J.T.4,  1 Agriculture and Agri-Food 
Canada, Melfort, SK, S0E 1A0;  2 Northwest Agriculture and 
Forestry University, Yangling, Shaanxi 712100, P.R. China;  3 

Agriculture and Agri-Food Canada, Ottawa, ON;  4 Western Co-
operative Fertilizers Limited, Calgary, AB 

Organic matter is important to sustain and improve the quality and 
productivity of soil.  A field experiment was conducted to determine 
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the effects of 27 annual applications of ammonium nitrate at 0, 112 and 
224 kg N ha-1 yr-1 to bromegrass (Bromus inermis Leyss) on total 
organic C (TOC) and N (TN), light fraction organic matter (LFOM), C 
(LFOC) and N (LFN), amino acids C (AAC) and N (AAN), 
ammonium-N and nitrate-N in a thin Black Chernozemic loam soil at 
Crossfield, Alberta, Canada.  The N fertilizer was surface-broadcast.  
The concentration and mass of TOC, TN, LFOM, LFOC, LFN, AAC 
and AAN in the 0-5, 5-10 and 10-15 cm soil layers increased with N 
rate, with most increase in the 0-5 cm layer.  The response of organic C 
and N to N application was much greater for LFOM than for total 
organic matter.  There was little accumulation of ammonium-N and 
nitrate-N in soil at 112 kg N ha-1 rate, whereas their accumulation 
increased markedly above this N rate.  The trends of change in soil 
LFOM, organic C and N, and amino acids C and N were similar to hay 
yield and C removal in hay, which suggest that increasing grass hay 
yield with N application concurrently also improves both quantity and 
quality of organic matter in the soil. 
 
MINERALOGICAL AUTHENTIFICATION OF PREDYNASTIC 
EGYPTIAN BASALT ARTIFACTS IN THE METROPOLITAN 
MUSEUM OF ART, NEW YORK  

MALLORY-GREENOUGH, L.M., mallory@ouc.bc.ca, and 
GREENOUGH, J.D., Dept. of Earth and Environmental Sciences, 
Okanagan University College, 3333 University Way, Kelowna, 
BC, V1V 1V7 

Basalt vessels represent some of the most important artifacts in human 
history because they were produced in association with the 
development of writing and provide information on the social 
conditions and trade arrangements during Egypt’s earliest history.  
Although rare, many major museums hold examples of these valuable 
objects.  Previous work using augite, plagioclase, pigeonite and olivine 
analyses showed that nearly all vessels (>99%) were produced from a 
single basalt lava flow (Haddadin) in northern Egypt.  The present 
project was undertaken to assess the origin and authenticity of basalt 
vessels in the collection of the Metropolitan Museum of Art in New 
York.  Mineral analyses were obtained from microsamples (0.001) of 
four basalt vessels.  Plotting of these analyses on various augite, 
plagioclase and combined augite-plagioclase discrimination diagrams 
confirms that the four vessels are made from Northern Egyptian, 
Haddadin basalt.  Thus these four vessels can be considered genuine 
Predynastic artifacts.  This project shows that electron microprobe 
major-element mineral analyses from microsamples of stone artifacts 
can help in determining authenticity and/or origin of valuable artifacts. 
 
ROLE OF COUNTRY ROCK CONTAMINATION IN ORE 
GENESIS AT THE VOISEY’S BAY Ni-Cu-Co DEPOSIT, 
LABRADOR, CANADA:  EVIDENCE FROM ION PROBE 
OXYGEN ISOTOPIC ANALYSES OF HERCYNITE AND 
CORUNDUM  

MARIGA, J., RIPLEY, E.M. and LI, C., Geological Sciences, 
Indiana University, 1001 East Tenth Street, Bloomington, IN  
47405, jmariga@indiana.edu 

Models for magmatic sulfide mineralization at the Voisey’s Bay Ni-Cu-
Co deposit must account for the close association of xenoliths and 
massive sulfides in the Basal Breccia Sequence, a xenolith-laden 
horizon at the base of the mineralized sequence.  Potential country rock 
contaminants include the Tasiuyak gneiss, a sulfidic Proterozoic 
paragneissic sequence, and other Proterozoic and Archean gneisses.  
Xenoliths have reacted with the magma to yield restites, characterized 
by three types of pseudomorphous hercynites, anorthitic plagioclase 
and corundum.  Geochemical analyses of the xenoliths and chemical 
potential diagrams indicate extensive loss of K2O, Na2O and SiO2 from 
the xenoliths into the magma.  The Tasiuyak gneiss also lost sulfur to 
the magma, facilitating sulfide saturation. 
We have postulated the following thermochemical reactions to explain 
xenolith digestion: 
Garnet Hercynite Melt 
Fe3Al2Si3O12 + 4H+ = FeAl2O4 + 3SiO2(m) + 2Fe2+

(m) + 2H2O(m) (1) 
Hypersthene Hercynite Melt 

1.3FeSiO3 + 0.1H2 + 2Al3+ = FeAl2O4 + 0.3Fe2+
(m) + 1.3Si4+

(m) + 
0.2H+

(m) (2) 
Corundum Hercynite Melt 
1.6Al2O3 + Fe2+ + 1.6H+   =   FeAl2O4   +   1.2 Al3+

(m) + 0.8H2O(m) (3) 
These reactions were combined with Ion Probe and Electron 
Microprobe analyses to elaborate on the mechanism of xenolith 
digestion.  The three types of hercynites are pseudomorphs of 
corundum, hypersthene and garnet, and respectively exhibit acicular, 
granular and bulbous morphologies. 
Compositions of hercynite do not significantly vary in major element 
concentrations across the deposit.  Average hercynite compositions are 
62wt% Al2O3, 26wt% FeO, 9wt% MgO, and 2wt% Fe2O3. 
Ion Probe analyses of mineral grains were conducted to ascertain 
changes in mineral *18O values during replacement.  Average *18O 
values for garnet and resultant hercynite are 9.8‰ and 7.5 ‰ 
respectively.  The *18O value of hercynite is consistent with the 
expulsion of an 18O-rich fluid or melt phase.  There is no significant 
oxygen isotope fractionation between hypersthene and granular 
hercynite as shown by their respective average *18O values of 9.1‰ 
and 9.0‰.  This is consistent with the conservation of oxygen 
illustrated in reaction (2).  The average *18O value for corundum is 
4.1‰ and that of acicular hercynite is 6.6‰.  This fractionation 
indicates oxygen isotopic exchange with the magma, as well as Fe 
derivation from the magma.  Taken together, the *18O values of 
hercynite, corundum, and anorthitic plagioclase are very low compared 
to an average *18O whole rock value of 13‰ obtained from the country 
rocks, implying that 18O-rich partial melt was released into the magma 
during xenolith-magma interaction. 
 
GOLD MINERALIZATION AND GEOCHRONOLOGY OF THE 
QUARTZ-CARBONATE VEINS OF THE ZEBALLOS AREA, 
VANCOUVER ISLAND, BC  

MARSHALL, D., PODSTAWSKYJ, N., THORKELSON, D. and 
MADSEN, J., Earth Sciences, Simon Fraser University, Burnaby, 
BC, V5A 1S6, marshall@sfu.ca 

The Zeballos gold camp was discovered in the 1930s and closed in 
1948 with intermittent artisanal mining continuing to present day.  
Almost 300,000 ounces of gold were mined from the camp with the 
Privateer mine responsible for more that half of that production.  This 
gold is hosted within quartz-carbonate-arsenide-sulphide veins that cut 
Bonanza volcanic rocks, Quatsino limestone, the Zeballos Stock and 
associated adakitic dykes. 
This study focuses on timing relationship between the late intrusive 
phases of the Zeballos stock, mafic dykes and gold mineralization at 
the Privateer Mine and lithological, geochemical and structural controls 
on gold mineralization.  This work entails U-Pb chronology of the 
intrusive phases, geochemistry, detailed mapping, petrography, 
alteration, mineralogy, fluid inclusions, stable isotope and structure of 
the gold-bearing quartz-carbonate veins. 
The youngest rock unit cut by gold mineralized structures is an adakitic 
dyke associated with the main phase of the Zeballos stock.  U-Pb zircon 
geochronology of the adakitic dyke yields an age of 35.41 ± 0.06 Ma. 
Preliminary fluid inclusion studies are consistent with gold deposition 
from H2O-CO2-NaCl bearing fluids with an approximate composition 
of X-H2O equal to 0.974, an X-CO2 of 0.020 and X-NaCl equal to 
0.006 (2.0 wt. percent NaCl equivalent). 
Sphalerite in equilibrium with pyrite and pyrrhotite has been used to 
constrain pressures using the sphalerite geobarometer.  Electron 
microprobe analyses of equilibrium sphalerite yield FeS compositions 
ranging from 16 to 18 mole percent.  These correspond to pressures 
ranging from 2 kilobars at low temperature to 3.5 kilobars at higher 
temperatures. 
Combined pressure-temperature constraints based on the intersection of 
fluid inclusion isochores with the sphalerite goebarometric constraints 
suggests that vein formation occurred over a specific range of pressures 
and temperatures ranging from just over 300 °C at 1.5 kilobars to just 
under 500 °C at 3.5 kilobars.  Sulphur isotope studies are consistent 
with disequilibrium between the main sulphide phases within the veins. 
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The genesis of the Zeballos gold deposits are enigmatic with fluid 
inclusion studies and structural interpretations leaning towards a lower 
temperature shear hosted style of mineralization, while the 
temperatures and pressures of vein formation, local proximity to 
shallow intrusives and gold fineness point towards an epithermal style 
of mineralization.  Thus a genesis somewhere between or combining 
the two end member deposit types is likely. 
 
REMOTE PREDICTIVE MAPPING AND REGIONAL 
BEDROCK MAPPING TEAM UP: A NEW APPROACH  

MARTEL, E., edith_martel@gov.nt.ca, PIERCE, K., IRWIN, D., 
Northwest Territories Geoscience Office, PO Box 1500, 
Yellowknife, NT, X1A 2R3, HARRIS, J., CURRIE, M., 
KEATING, P. and PILKINGTON, M., Natural Resources 
Canada, 601 Booth, Ottawa, ON, K1A 0E8 

The main objective of Remote Predictive Mapping (RPM), as promoted 
by the RPM- Northern Development Program (Geological Survey of 
Canada), is to allow scientists to map more efficiently in the field.  
RPM techniques were applied to the Snowbird Lake Mapping Project, a 
multidisciplinary study initiated by the Northwest Territories 
Geoscience Office (NTGO), and followed up by 10 weeks of field-
mapping (ground truthing).  The technique improved the efficiency of 
field mapping and enhanced the final product. 
The Snowbird Lake Mapping Project (NTS 65D) was a one-year 
multidisciplinary study covering an extensive area (~100 km2) with 
very few bedrock exposures.  The project components include RPM, 
bedrock and surficial mapping, geochronological, geochemical and 
integrated mineral occurrence studies, as well as a drift prospecting 
survey. 
Advances in the acquisition, processing, and dissemination of 
remotely-sensed data have enabled the rapid compilation of images and 
datasets such as geophysical data, digital elevation models, hydrology 
and topography, gravity data, radiometric data, satellite imagery 
(Landsat and Radarsat) and aerial photographs.  All available 
geological maps of the study area and surroundings (1:5 000 to 1:250 
000 scale) were scanned and georeferenced.  All data were compiled 
into a GIS database. 
Geological observations and data (lithological description, sample 
location and description, geochronological and geochemical data, and 
showings data) from existing studies were extracted from their 
interpretative context and combined with the other data sources to 
reinterpret the geology of the study area.  A common legend was built 
combining all available lithological descriptions.  The aeromagnetic 
data obtained from a survey flown at 400-meter spacing over the study 
area, combined with the existing geological data, was very useful in re-
interpreting geology and producing the predictive map. 
The resulting predictive map was valuable for defining major 
lithological and structural domains, targeting problematic areas and, to 
some extent, for predicting the area’s economic potential.  The digital 
elevation model, combined with an aerial photograph mosaic and 
satellite images, was beneficial in identifying areas of low versus high 
outcrop potential.  RPM techniques were successfully applied to the 
Snowbird Lake Mapping Project; field-mapping was targeted and 
strategic, which allowed an extended coverage and maximized mapping 
impacts. 
 
HIGH-TEMPERATURE CONSOLIDATION OF LEUCOSOMES 
IN UHT MIGMATITES:  EVIDENCE FROM FELDSPAR 
THERMOMETRY  

MARTIGNOLE, J., Département de géologie, Université de 
Montréal, CP 6128, Montreal, QC, H3C 3J7, 
jacques.martignole@umontreal.ca, and WANG, Z., Laboratory of 
Lithosphere Tectonic Evolution, Institute of Geology and 
Geophysics, Chinese Academy of Sciences, Beijing, 100029, 
China 

The quartzo-feldspathic leucosomes of migmatites presently accessible 
in the exhumed core of orogenic belts are generally considered as 
witnesses of partial melting.  Leucosomes may indeed represent 
consolidated products of near eutectic melts (magma segregation 

without extraction) but also mixtures of peritectic and cumulitic 
minerals remaining after extraction of a liquid component.  In both 
cases, the leucosome solid framework is determined by single ternary 
feldspars or coexisting binary feldspars.  Available versions of the 
feldspar ternary solvus (e.g. Furhman and Lindsley, Am. Min., 1988) 
allow determining crystallization temperature of single ternary 
feldspars or plagioclase-K-feldspar (Kspar) pairs.  For single feldspar 
thermometry, reintegrated feldspar compositions approaching ternary 
cotectic compositions are obtained directly from microprobe analyses.  
For plagioclase-Kspar pairs, reintegration of exsolutions usually results 
in disequilibrium tie lines connecting different isothermal sections of 
the solvus.  An iterative correction based on retro-diffusion of K-Na 
exchange between plagioclase and Kspar at constant Ca (Kroll et al., 
Cont. Min. Pet., 1993) can be applied until equilibrium compositions 
are attained.  If the system remained closed at the scale of the sample 
the resulting composition (and hence temperature) should be that of 
coexisting feldspars before exsolution.  This yields minimum 
temperatures for the consolidation of leucosomes, which is an input 
parameter in the thermo-mechaniclal modelisation of orogenic belts. 
The above thermometric methods were applied to anhydrous 
leucosomes interlayered with Al-rich Opx-Sil melanosomes of a 4000 
km2 UHT migmatite complex from the Grenvillian basement of the 
Peruvian Andes (Martignole and Martelat, J. Met. Geol., 2003).  
Antiperthites, the most strongly ternary feldspars of the area, give 
temperatures from 800°C to 1000°C, slightly lower that the ones 
recorded by coexisting UHT melanosomes, as determined using the Al 
content of Opx (950°C and 1050°C).  On the other hand, temperatures 
obtained from plagioclase-Kspar pairs spread from 717°C to 963°C, the 
lowest temperatures being from areas devoid of Al-rich Opx.  All these 
values are significantly lower than those recorded by nearby 
melanosomes and as exsolution occurs at lower temperature than 
crystallization from the melt, they are considered as minima.  The 
highest temperatures register either the growth of peritectic feldspars or 
the incipient feldspar crystallization in the leucosomes.  The lowest 
ones represent a minima for the final consolidation at which melt 
escape is no longer possible.  Most of these temperatures straddle the 
solidus of dry or quasi-dry haplogranitic systems, suggesting a high-T 
coexistence of solid melanosomes and molten, but probably highly 
viscous, haplogranitic melts. 
 
BENEFITS OF A CLASSIFICATION SCHEME OF GRANITIC 
PEGMATITES BASED ON PETROGENETIC 
CONSIDERATIONS  

MARTIN, R.F., McGill University, Montreal, QC, H3A 2A7, 
bobm@eps.mcgill.ca, and DE VITO, C., Università degli Studi di 
Roma "La Sapienza", I-00185 Roma, Italia 

The classification of granitic pegmatites now in vogue is an offshoot of 
the depth-zone classification of granitic rocks published in 1959 by 
A.F. Buddington.  In his landmark paper, Buddington ably summarized 
attributes of granitic rocks to be expected in catazonal, mesozonal and 
epizonal environments, and recognized the differences to be expected 
in the associated pegmatites.  In Buddington's day, it was not well 
appreciated that granitic rocks form in two distinct tectonic 
environments, and that the source rocks for the granitic magma in the 
two cases cannot be the same, as the resultant rocks are distinct.  We 
contend that a depth-zone approach cannot account for the two groups 
of rare-element-enriched pegmatites that result by protracted 
fractionation of the parent magma.  Rather, it is tectonic setting that 
determines the nature of the parent magma and of the rare-element-
enriched derivative magmas, and each tectonic setting can have 
manifestations that are catazonal, mesozonal and epizonal, just as each 
group can have associated volcanic suites.  Thus LCT granitic 
pegmatites (enriched in lithium - cesium - tantalum) form part of 
orogenic suites, associated with compressional forces, and NYF 
granitic pegmatites (enriched in niobium - yttrium - fluorine) form part 
of anorogenic suites, associated with extensional forces.  In rare 
instances, an NYF pegmatite switches to an LCT signature at the time 
of formation.  Such hybrid pegmatites cannot be construed as having 
formed during a "flip" in tectonic setting, from extension to 
compression.  Rather, such hybrid cases in our opinion reflect instances 
of important contamination, either at the magmatic or postmagmatic 
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stage, in which the evolved NYF rocks get "soaked" with a fluid 
bringing in not only Li and B, but also Ca and Mg from the host rock, 
such that part of the pegmatite body may contain dravitic, elbaitic and 
liddicoatitic tourmaline, danburite, and other exotic species such as 
microlite, fersmite, londonite and pezzottatite.  We envisage a possible 
scenario involving remelting of just-formed NYF pegmatites, once the 
hot rocks are appropriately metasomatized and contaminated.  
Madagascar offers many striking examples of such hybrid pegmatites, 
and a natural laboratory in which to test the above working hypothesis 
concerning contamination.  An appreciation of the petrogenetic 
processes at work will be necessary to properly interpret the 
mineralogical, geochemical and isotopic indicators of internal 
evolution, and to assess the economic potential of a granitic pegmatite 
occurrence. 
 
MORPHOLOGICAL AND ORE-FACIES STYLES OF THE 
BIMODAL VOLCANIC-ASSOCIATED MASSIVE SULFIDE 
DEPOSITS AT THE URALS, RUSSIA  

MASLENNIKOV, V.V., Institute of Mineralogy, Uralian Branch 
of Russian Academy of Science, Miass, Chelyabinsk District, 
Russia, mas@ilmeny.ac.ru, and ALEKSEEVICH, K.V., 
Academician Director, Institute of Geology and Geochemistry, 
Uralian Branch, Russia Academy of Science, Ekaterinburg City 

Hydrothermal-sedimentary crusts, vent chimneys, conduits, 
hydrothermal sulphidized biolithes, different types of colluvial and 
turbidite clastic sulfides and their submarine seafloor supergene and 
sub-seafloor hydrothermal products of alteration are considered the ore 
facies in the Urals VHMS deposits.  Mapping of the ore facies in the 
deposits shows that the form of the massive sulfide bodies reflects the 
degree of seafloor destruction of hydrothermal ores.  The Urals VHMS 
deposits generally show a continuum in degradation and reworking 
ranging from pristine steep-sided hydrothermal sulfide mounds to 
deposits dominated by layered strata of clastic sulfides.  Four different 
morphogenetic styles of deposits with various degrees of degradation in 
order of increased reworking: (Yaman-Kasy → Molodezhnoye → 
Alexandrinskoye → Balta-Tau) have been ranged.  Well-preserved vent 
chimneys, sulphidized vent fauna and hydrothermal-sedimentary 
colloform crust were degraded toward the end of this range.  On the 
contrary, a relative volume of submarine supergene ore facies, inherited 
seafloor oxidation (magnetite, hematite), seafloor Cu-Zn-leaching 
(residual pyrite, quartz, barite) and seafloor Cu-Zn-Pb-enrichment 
(secondary chalcopyrite, sphalerite, bornite, galena, tennantite), were 
increased in the same direction.  The specific Fe, Co, Bi, Pb, Hg, Ag, 
Au-tellurides have been found in hydrothermal facies of pristine sulfide 
mounds.  The tellurides were replaced by Bi-Ag-rich galena, rare Ag-
Cu sulfides and sulphosalts, native gold, electrum and native silver due 
to seafloor alteration of clastic sulphides.  The mineralogy and siting of 
native gold, silver and tellurium is a consequence of cooling and/or 
oxidation of hydrothermal fluids and also of seafloor alteration 
(halmyrolysis) of primary sulfides and tellurides.  The ratio of average 
length (L) to maximum thickness (M) of sulfide bodies and concordant 
Ag/Te ratios are used as the quantitative measure of the seafloor 
maturation of hydrothermal sulfide mounds and the extent of reworked 
clastic ores.  This morphogenetic approach could be useful for a global 
comparison and a classification of VHMS deposits (IGCP Project 502). 
 
EFFECTS OF ANNEALING ON THE LUMINESCENCE 
DECAY TIME OF SYNTHETIC CALCITE:  Mn  

MASON, R.A., Department of Earth Sciences, Memorial 
University of Newfoundland, St. John's, NL, A1B 3X5, 
rmason@esd.mun.ca, CLOUTER, M.J. and GOULDING, R.K., 
Department of Physics and Physical Oceanography, Memorial 
University of Newfoundland, St. John's, NL, A1B 3X7 

Manganese doped synthetic calcite (69 ppm to 2 wt% Mn, < 10 to 7.4 
wt% Mg) was heated hydrothermally in the temperature range 200 to 
400°Celsius for 24 to 664 hours.  Luminescence spectra were obtained 
at room temperature before and after heating.  Luminescence decay 
times were measured down to approximately 15°K before and after 
heating. 

Of the eight samples studied, the luminescence decay time increased in 
three, decreased in two and remained approximately constant in three, 
whereas the luminescence intensity always increased as a consequence 
of heating.  The differing reponses are apparently unrelated to 
composition. 
The decay time depends on the efficiencies of radiative and non-
radiative relaxation processes.  Lengthening decay time implies that 
one or both of these processes must take place more slowly as a result 
of annealing, so that the lifetime of the excited state is extended.  
Conversely, a diminished decay time implies that one or both relaxation 
processes must proceed more quickly after annealing. An increase in 
luminescence intensity implies that radiative relaxation has become 
more effective relative to non-radiative relaxation as a result of 
annealing.  Thus, an increase in decay time coupled with an increase in 
luminescence intensity on annealing indicates that the rate of non-
radiative transition is diminished and that of radiative transition 
increases or remains the same.  A decrease in decay time coupled with 
an increase in luminescence intensity indicates that the rate of radiative 
transition increased or remained constant while that of non-radiative 
transition diminished. 
 
METAMORPHIC EVOLUTION OF METAVOLCANICS OF 
THE FOURCHU GROUP, NOVA SCOTIA, AND ITS 
SIGNIFICANCE FOR THE COLLISION OF LAURUSSIA AND 
GONDWANA  

MASSONNE, H.-J., Universitaet Stuttgart, Azenbergstr. 18, D-
70174 Stuttgart, Germany, h-j.massonne@mineralogie.uni-
stuttgart.de 

Intermediate to acid metavolcanics from the Fourchu Group of 
southeastern Cape Breton Island, Nova Scotia, were collected in areas 
close to Fourchu and west of Irish Cove.  In a few samples the 
following low-variance mineral parageneses were observed: phengite - 
epidote - albite - K-feldspar - quartz - titanite ± stilpnomelane ± 
chlorite in metarhyolites close to Irish Cove and phengite - epidote - 
albite - quartz - titanite - stilpnomelane - chlorite - biotite in more basic 
rocks near Fourchu.  Phengite in these metarhyolites is chemically 
variable with Si contents per formula unit (p.f.u.) up to 3.60.  Si 
contents of phengites from the rocks near Fourchu scatter around 3.35 
p.f.u.  The metamorphic P-T conditions were estimated on the basis of 
such mineral compositions.  Peak pressure conditions were about 6 to 
6.5 kbar.  Maximum temperatures were estimated to have been around 
300 °C or somewhat above for the metavolcanics east of Irish Cove 
whereas higher temperatures around 350 °C are more likely for the 
rocks near Fourchu. 
The metamorphic age of metarhyolites from the Late Precambrian 
Fourchu Group was determined on powdered bulk rocks using the K-
Ar system.  A Lower Devonian age close to 395 Ma resulted.  This age 
is interpreted to mark the initial collision of Laurussia, of which Cape 
Breton Island is part of, with Gondwana and, thus, the final closure of 
the Rheic ocean.  Subsequently, both continental plates, Gondwana and 
Laurussia, moved further towards each other forming an extended 
thickened continental crust.  However, Cape Breton Island was located 
at the western flank of this orogenic mass so that it was not strongly 
affected by this collisional event. 
 
ISOTOPIC TRACING OF LIGHT ELEMENTS IN 
TERRESTRIAL ECOSYSTEMS  

MAYER, B., Department of Geology and Geophysics, University 
of Calgary, Calgary, AB, bmayer@ucalgary.ca 

Natural abundance isotope ratio measurements have been successfully 
used to trace sources and biogeochemical transformations of sulfur, 
nitrogen and carbon in terrestrial and aquatic ecosystems.  Pre-
requirements are that the compounds of interest are isotopically distinct 
from natural sulfur, nitrogen, and carbon in the ecosystem, and that 
biogeochemical transformations proceed either with small isotopic 
selectivity, or that the extent of isotopic fractionation for these 
processes is well known.  The latter is less important for labeling 
studies using artificially enriched isotope tracers. 
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Several case studies will be presented in which sulfur with distinct 
isotope ratios has been applied to forested ecosystems.  Since bacterial 
(dissimilatory) sulfate reduction is the major process causing isotope 
fractionation in the sulfur cycle, tracing sulfur sources with isotope 
techniques is particularly successful under strictly aerated conditions.  
Chemical and isotope data provide evidence that isotopically distinct 
sulfur is effectively retained in the forest stand and in the forest soil.  
Mass and isotope balances indicate that the mean residence time of 
deposited sulfate in many forest ecosystems must be in the order of 
decades, much longer than previously thought. 
Tracing nitrogen in terrestrial ecosystems using natural abundance 
isotope ratios is more complex, since many processes in the nitrogen 
cycle proceed with significant isotope selectivity.  Nevertheless, nitrate 
derived from several sources (e.g. atmospheric deposition, synthetic 
fertilizers, soil nitrification, and from sewage or manure) as well as 
various processes (e.g. nitrification, denitrification) can often be 
identified if both nitrogen and oxygen isotope ratios of nitrate are 
determined.  In a case study conducted in the Oldman River Basin in 
southern Alberta (Canada), natural abundance isotope ratio 
measurements revealed that nitrate in the mainly forested upstream part 
of the basin was predominantly derived from nitrification processes in 
the forest soils.  In the mainly agriculturally used downstream portion 
of the watershed, manure-derived nitrate was identified as an additional 
source of nitrate in both groundwater and surface water systems.  
Interestingly, mass and isotope balances revealed that riverine nitrate 
fluxes in the agriculturally used downstream portion of the Oldman 
River basin were, despite the input of manure-derived nitrate, not 
significantly higher than those in the forested headwater portion of the 
watershed. 
 
FOREST NUTRITION EXPERIMENT ON EXTREMELY ACID 
SOIL IN EASTERN CAPE BRETON ISLAND  

MAZZOCCA, A. and BOUMAN, O.T., University College of 
Cape Breton, Thomas_Bouman@uccb.ca 

In eastern Cape Breton Island, extremely acid soils can be observed in 
old-field forests dominated by white spruce on upland sites.  A forest 
nutrition experiment was established under the canopy of an old-field 
forest of mature white spruce near the University College of Cape 
Breton, to assess the long-term effects of acid rain and coniferisation of 
upland sites on nutrient cycling and long-term forest succession.  In 
May 2003, nursery stock of yellow birch, paper birch, and eastern 
hemlock were planted into a split plot experiment with partial shading 
and extreme shading as main plot treatment; and zero control, dolomitic 
lime application at 3,000 kg/ha, mineral fertilizer application at 50 kg N 
per ha, and a combination of lime and mineral fertilizer as sub plot 
treatments.  Total stem length and terminal growth of the leading shoot 
were measured 52 days after planting, on four saplings per split plot 
thus a total of 288 saplings.  Sapling growth of the three species 
showed marked differences.  Relative growth rate of yellow birch was 
as high as 0.35 while it was 40 % less for paper birch and lowest for 
eastern hemlock.  Soil treatments had a greater effect on sapling growth 
than level of light exposure.  There was significant interaction between 
species and soil treatments.  Growth of eastern hemlock and yellow 
birch responded positively to lime applications while lime did not 
trigger any growth effect in the case of paper birch.  The results suggest 
that soil acidification adversely affects nutrient uptake and growth of 
characteristic late-successional species at the sapling stage. 
 
ZINC AND CADMIUM BEHAVIOR IN PEATS DEVELOPED 
ON METALLIFEROUS SILURIAN DOLOMITE  

MCBRIDE, M.B., BARRETT, K.A., Cornell University, Ithaca, 
NY, 14853, mbm7@cornell.edu, and MARTINEZ, C.E., 
Pennsylvania State University, University Park, PA, 16802 

Peat soils naturally high in Cd and Zn (up to 188 and17,000 mg/kg, 
respectively) were sampled at several depths from a wetland in New 
York State that overlies Silurian-age metal-enriched dolomite bedrock.  
The peat deposits have presumeably concentrated the chalcophilic 
metals, Cd and Zn, by biogeochemical processes involving 
immobilization as organo-sulfur complexes and precipitation as 
sulfides.  Total concentrations of Zn, Cd and S were generally much 

higher in the seasonally water-saturated subsoils than in the surface.  
The measured distribution coefficients (Kd) for Cd and Zn for the 
surface soils indicated stronger Cd retention than Zn, with log Kd 
values near 3.7-4.2 and 3.0-3.4 for Cd and Zn, respectively, at pH 5.5-
6.5.  The Kd values for both metals increased with soil pH.  The low 
solubility and bioavailability of Cd relative to Zn suggests that organic 
sulfur bonding or Cd sulfide precipitation is strongly limiting the 
bioavailability, solubility and toxicity of Cd in these soils.  Leaching 
studies using intact soil columns showed that Zn and Cd leaching were 
correlated to sulfate dissolution, with 6 successive leaching events 
removing up to 4% and 13 % of the total Zn and S, respectively, from 
the most metal-rich subsoils.  Relative leaching losses were less from 
the surface soils, not exceeding 1% and 3% of total Zn and S.  
However, metal leaching in the field is likely to be less than that 
observed under laboratory conditions because of the sequestration of 
Zn and Cd by sulfide in the anoxic subsoils. 
 
U-Pb SHRIMP EVIDENCE FOR ADDITIONAL 
ALLOCHTHONOUS ELEMENTS BETWEEN THE 
PRECORDILLERA TERRANE AND GONDWANA MARGIN, 
SIERRA DE LA HUERTA, NORTHWEST ARGENTINA  

MCCLELLAND, W.C.1, wmcclell@uidaho.edu, ROESKE, S.M.2, 
VUJOVICH, G.I.3, MULCAHY, S.R.2 and ELLIS, J.R.1,  1 

Geological Sciences, Univ. of Idaho, Moscow, ID 83844;  2 

Geology, Univ. of California, Davis, CA, 95616;  3 Geology, Univ 
of Buenos Aires-CONICET, Ciudad Universitaria 1428, Buenos 
Aires, Argentina 

The Precordillera terrane of northwestern Argentina represents an 
allochthonous fragment accreted to the Paleozoic Gondwana margin.  
The origin of the terrane and timing of its accretion have long been 
debated and now new U-Pb SHRIMP zircon results from granitoids in 
the suture zone suggest that an additional basement fragment of 
uncertain affinity may separate the Precordillera terrane from the 
Famatina arc margin.  The Precordillera terrane proper is bound to the 
east by metamorphic rocks in the Sierra de Pie de Palo that are 
generally thought to represent Grenville-age Precordillera basement.  
Polymetamorphic rocks of the Pie de Palo complex were ductiley 
deformed and folded into km-scale recumbent isoclines prior to granite 
emplacement at 431±7 Ma.  To the east, metamorphic rocks in Loma 
de Las Chacras experienced complex metamorphism during which 
peak high-P conditions preceeded peak high-T conditions.  
Metamorphism followed granite emplacement at 472 ± 3 Ma and the 
timing of peak-T conditions is estimated from leucosomes within 
metasedimentary rocks and amphibolite that yield U-Pb zircon ages of 
461 ± 1.7 Ma and 456 ± 2, respectively.  Metamorphic rocks of Loma 
de Las Chacras are structurally juxtaposed to the east with an 
apparently low grade metaplutonic complex.  U/Pb zircon ages from 
the complex are 839 ± 10 and 1084 ± 4 Ma.  This combination of ages 
is not common in either the Precordillera terrane or the Gondwana 
margin exposed in the Sierras Pampeanas of northwest Argentina.  
These ages are however observed elsewhere along the Gondwana 
margin or in terranes thought be associated with it.  The allochthonous 
metaigneous complex is structurally juxtaposed to the east with a 
voluminous granitic to tonalitic igneous suite representing the 
Famantinian arc in the Sierra de la Huerta.  Plutons from this suite yield 
ages of 444 ± 2, 461 ± 3, 464 ± 3, 465 ± 3, and 470 ± 3 Ma.  A 
leucosome in the wall rocks is 461 ± 5 Ma.  Similarity in plutonic and 
leucosome ages in Sierra de la Huerta, Loma de las Chacras, and Sierra 
de Pie de Palo suggests that accretion of the Precordillera was ongoing 
at 460 Ma.  Entrapment of a distinct crustal fragment of Gondwana 
affinity in the suture zone between the Precordillera and Famatina arc 
suggests that emplacement of the Precordillera terrane occurred in a 
transpressional regime.  Alternatively, the Precordillera terrane may 
have picked up a peri-Gondwana fragment during its migration and 
transfer from Laurentia to Gondwana. 
 
TRACE-ELEMENT SYSTEMATICS OF MASSIVE SULFIDE 
DEPOSITS IN THE BATHURST MINING CAMP, NEW 
BRUNSWICK:  IMPLICATIONS FOR THEIR GENESIS  
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MCCLENAGHAN, S.H., ventcomplex@hotmail.com, and 
LENTZ, D.R., Department of Geology, University of New 
Brunswick, P.O. Box 4400, Fredericton, NB, E3B 5A3 

Syngenetic massive sulfide deposits in the Bathurst Mining Camp are 
hosted within a Middle Ordovician bimodal volcanic and sedimentary 
sequence.  Despite heterogeneous ductile deformation and associated 
lower- to upper-greenschist grade, regional metamorphism, base metal 
and trace element zonation has been preserved in massive sulfide 
lenses.  Variations in the rare-earth-element (REE) signature of an 
exhalative sediment, in particular the magnitude of a Eu anomaly and 
the degree of LREE enrichment with respect to hydrothermal centers 
can be a valuable vectoring tool in the exploration for massive sulfide 
deposits. 
Major- and trace elements were determined for 257 samples of massive 
sulfide from 41 deposits in the Bathurst Mining Camp.  Overall, ΣREE 
concentrations average 34.0 ppm, exhibit a strong Spearman Rank 
correlation with Y (r'=0.86) and a strong positive Eu correlation with 
P2O5 (r'=0.71), indicating the presence of accessory minerals such as 
xenotime and apatite.  Chondrite-normalized REE profiles for massive 
sulfides exhibit a consistent positive Eu anomaly (average Eu/Eu* = 
6.0), however ΣREE contents and REE signatures vary between 
deposits from the Tetagouche and California Lake groups.  Massive 
sulfides from the California Lake Group have Eu/Eu* values that 
average 2.70, whereas deposits of the Tetagouche Group typically 
posses larger Eu anomalies (Eu/Eu* = 7.46), likely a function of 
differing hydrothermal conditions.  Furthermore, ΣREE contents of 
massive sulfides from the Tetagouche Group are higher, averaging 41.9 
ppm; lower ΣREE (Avg. = 19.8 ppm) concentrations in deposits of the 
California Lake Group suggest a depositional environment depleted in 
detrital sediment. 
Strong inter-element correlations between Al2O3, TiO2, Zr, Sc, Th, Hf, 
and Nb in massive sulfide samples indicate variable terrigeneous input, 
which may mask low abundance hydrothermal components like the 
REE.  Using these immobile elements as monitors, and testing Yb 
(HREE) immobility, the mass contribution from continentally derived 
sediments or volcaniclastic material can be calculated, accounted for 
and stripped revealing the net hydrothermal contribution to an 
exhalative sediment.  Yb-based mass balanced REE data from the 
Heath Steele B zone reveals a strong increase in Eu/Eu* exhibiting a 
positive correlation with Zn (r'=0.61).  Furthermore, the level of LREE 
enrichment (La/Lu) correlates well with Cu (r'=0.53) and Bi (r'=0.57) 
suggesting higher temperature and lower pH conditions during 
deposition.  From an exploration standpoint, resolving the lateral and 
stratigraphic distribution of REE's in massive sulfides and distal 
exhalative sediments is beneficial for targeting hydrothermal centers. 
 
EXTENDING THE INFLUENCE OF PALEONTOLOGY AT 
THE GSC:  YEAR 2  

MCCRACKEN, A.D.1, Samccrac@nrcan.gc.ca, WHITE, J.M.1, 
DAVENPORT, P.1, DOUGHERTY, B.J.2, ASSELIN, E.3, 
DEWING, K.1, TZENG, P.1, LEPARD, D.W.1, and OKULITCH, 
A.V.4,  1 Geological Survey of Canada, 3303-33rd St. NW, 
Calgary, AB, T2L 2A7;  2 Geological Survey of Canada, 601 
Booth St., Ottawa, ON, K1A 0E8;  3 Commission géologique du 
Canada, 880 chemin Sainte-Foy, Suite 840, Québec, PQ, G1S 
2L2;  4 Geological Survey of Canada, 101-605 Robson Street, 
Vancouver, BC, V6B 5J3 

Paleontologists at the GSC have examined fossil assemblages from 
hundreds of thousands of samples over its 163-year history.  It is 
estimated (conservatively) that more than 500,000 taxa have been 
identified, from which invaluable geological information has been 
interpreted, including the age, thermal history, and paleoenvironment of 
the host rocks.  The information has been disseminated in many ways, 
including journals, government publications and unpublished reports, 
on maps, GIS-data sets, and through oral presentations and posters.  
The volume of information and the diversity of how it has been 
released have created a problem in finding particular information to 
address specific issues. 
The GSC addressed this problem through a program called 
"Consolidating Canada's Geoscience Knowledge (CCGK)".  This will 

have some impact on how paleontologists manage their information, 
but the goal is to increase efficiency and accessibility.  Attention will 
be required to ensure that each collection is adequately documented - 
this includes precise locational data.  Managing the stratigraphical, 
geological map and collection databases will be the prime 
responsibility of others, but interaction will be required to coordinate 
their development, evolution and maintenance. 
Once in place, the paleontologist will enter taxonomic and other 
interpretative data into forms in the paleontology database, linking this 
data to the sample database using the GSC locality C-numbers.  The 
sample database includes the locality information plus geological data 
such as stratigraphical units and geological time.  Certain lab data will 
also be recorded.  A formatted paleontological report, with 
paleontological interpretations, remarks and references can then be 
generated for selected samples. 
The goal is to make paleontological information more readily available 
and easier to apply to other geoscience fields.  In this way we believe 
the value and relevance of paleontology to geoscience will be 
promoted, and its influence increased. 
 
PALEOFLUID CHEMISTRY FROM THE MCARTHUR RIVER 
URANIUM DEPOSIT, ATHABASCA BASIN, CANADA:  
RESULTS AND IMPLICATIONS FROM SYNCHROTRON X-
RAY FLUORESCENCE (SXRF) ANALYSIS OF FLUID 
INCLUSIONS  

MCCREADY, A.J.1, mccready@src.sk.ca, DEROME, D.2, 
ANNESLEY, I.R.1, CUNEY, M.2, CAVELL, R.G.3, RICKERS, 
K.4, BAKKER, R.J.5 and WEBB, M.A.6,  1 Saskatchewan 
Research Council, Saskatoon, SK, S7N 2X8, Canada;  2 UMR 
CNRS-7566 G2R - CREGU, BP239-54506, Vandoeuvre les 
Nancy Cedex, France;  3 Department of Chemistry, University of 
Alberta, Edmonton, AB, T6G 2G2;  4 Hamburger 
Synchrotronstrahlungslabor (HASYLAB) at Deutsches 
Elektronen-Synchrotron (DESY), Hamburg, Germany;  5 

Mineralogy and Petrology Group, University of Leoben, Leoben, 
Austria;  6 Alberta Synchrotron Institute (ASI), University of 
Alberta, Research Transition Facility, 8308-114 Street, Suite 
2080, Edmonton, AB, T6G 2E1 

Unconformity-type uranium deposits of the Athabasca Basin, Canada, 
represent the world’s highest-grade and large-tonnage uranium 
resources.  However, despite the wealth of research on these deposits, 
almost no information is available regarding the trace element contents 
of the ore forming fluids.  We present here information on the trace 
element geochemistry of the ore-forming fluids that resulted in the 
formation of the world-class McArthur River uranium deposit using the 
Synchrotron X-ray Fluorescence (SXRF) technique. 
The results indicate that all the fluid inclusions contain Fe, Br and Sr.  
In addition, there are a number of other elements present: Ca, K, Ce, 
Cu, Pb, U, Zn and Zr.  The presence of these metals varies between 
inclusions and samples.  On the basis of element associations, the data 
suggest two different fluids to be present 1) Br-Sr-Fe ±U-Pb-Ce and 2) 
Br-Sr-Fe-Ca ±Zr-Zn-Ce.  Preliminary analysis suggest that U is present 
in varying concentrations within both NaCl- and CaCl2-dominant 
fluids. 
Spectra obtained from ‘blank’ inclusion-free quartz locally contain 
variable amounts of uranium.  The presence of uranium in these ‘blank’ 
spectra may be explained by either 1) substitution of uranium for silica 
in the quartz crystal lattice, in a similar manner as aluminium, or 2) the 
uranium is present as sub-micron inclusions of uranium oxide.  On the 
basis of its larger cation size, uranium is unlikely to be incorporated 
into the SiO4 tetrahedron.  The possible occurrence of minute grains of 
uranium oxide is important: it demonstrates that the ore-fluid was 
saturated with respect to uranium. 
The presence of LREE, especially Ce, in the fluid inclusion identifies 
that REEs and uranium were mobile under the physiochemical 
conditions of the fluid, and concurs with the current hypotheses that 
uranium was sourced from monazite.  The presence of Zr in some fluid 
inclusions, and the absence of U in the same fluid inclusion suggests 
that U was not sourced from the dissolution of zircon. 
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With the exception of Fe, transition metals are rarely detected in the 
analyses.  Zinc was detected in the majority of inclusions in two 
samples, however U was not detected in these samples.  In contrast, 
those samples that did contain uranium were devoid of Zn.  This may 
indicate that Zn and U were transported in mutually exclusive fluids.  
The general absence of other transition metals is not unexpected.  
McArthur River is poor in these metals, compared to other 
deposits/occurrences in the Athabasca Basin, such as Key Lake and 
Moore Lakes. 
 
IS THERE A RECORD OF PAST TSUNAMI DEPOSITS IN 
NEWFOUNDLAND?  A CASE STUDY FROM THE BURIN 
PENINSULA  

MCCUAIG, S.J., Geological Survey of Newfoundland and 
Labrador, P.O. Box 8700, St. John's, NL, A1B 4J6, Canada, 
sjm@zeppo.geosurv.gov.nf.ca, and BELL, T., Department of 
Geography, Memorial University, St. John's, NL, A1B 3X9, 
Canada 

Canada's worst tsunami disaster, in terms of loss of life, occurred in 
Newfoundland in 1929.  A tsunami generated by a large, earthquake-
triggered, submarine slope failure at the edge of the continental shelf 
hit the Burin Peninsula, damaging property in several small towns and 
resulting in 27 deaths.  This is the only confirmed tsunami event in 
Newfoundland's recorded history; however, it is possible that such 
events, although rare, have happened in the past.  For example, there 
are reports of possible tsunami waves affecting Bonavista in 1755 
(Lisbon earthquake and tsunami) and St. Shott's in 1864.  The search 
for a record of past tsunamis in the Burin area is hampered by the fact 
that sea level has been slowly rising for the last several thousand years.  
As a result, the only land record may be areas right at the current 
coastline, or areas where sea level is currently falling.  This study 
attempts to glean a record from the current coastline of the Burin 
Peninsula.  Two sites were found that contain peat and wood 
accumulations interrupted in places by sand beds.  One peat bed 
contains tree stumps that have been knocked over in an inland 
direction.  These sites were radiocarbon dated and diatom analysis is 
ongoing to determine if there has been a salt water influx into these 
otherwise freshwater environments.  A short core was taken from 
Handiland Cove, which was suspected to be a former freshwater lake.  
However, diatom studies to date show a brackish marine environment 
over the whole length of the core. 
 
PROBLEMS AND SOLUTIONS IN THE MERTIEITE CLAN OF 
PLATINUM-GROUP MINERALS:  THE IMPORTANT ROLE 
OF SINGLE-CRYSTAL X-RAY DIFFRACTION ANALYSES IN 
PGM STUDIES  

MCDONALD, A.M., Laurentian University, Department of Earth 
Sciences, Ramsey Lake Road, Sudbury, ON, P3E 2C6, 
amcdonald@laurentian.ca, and CABRI, L.J., Cabri Consulting 
Inc., 99 Fifth Avenue, Suite 122, Ottawa, ON, K1S 5P5, 
lcabri@sympatico.ca 

The mertieite clan of minerals currently consists of three minerals:  
isomertieite (Pd11Sb2As2: space group Fd3m), mertieite-I [commonly 
accepted as Pd11(Sb,As)4; hexagonal, space group unknown] and 
mertieite-II [commonly accepted as Pd8(Sb,As)3; space group R3c].  
While broadly occurring as PGM in placer (e.g. Goodnews Bay, 
Alaska) and magmatic ore deposits (e.g. Sudbury and Lac des Isles, 
ON), unresolved issues concerning their correct chemical compositions 
and basic crystal structures exist.  These include: 1. the extent of Sb:As 
ordering; 2. whether As is essential; and 3. correct space-group 
symmetry.  While complete characterization of any mineral, including a 
PGM, requires an empirical chemical formula and crystal structure, 
such data are not simply academic.  For example, knowledge of 
polymorphic transitions is critical to the development of a thorough 
understanding of the phase relations in a complex system.  Given that 
minerals of the mertieite clan of PGM have been poorly characterized 
and that questions regarding their chemical formulae and crystal 
structures remain unresolved, detailed phase analyses of systems 
involving Pd-Sb-As and paragenetic studies of natural assemblages 
cannot be conducted. 

To address these issues, single-crystal X-ray diffraction and EMP 
analyses were conducted.  The crystal structure of isomertieite has been 
solved (wR2 = 2.95 %) using material from the Lac des Isles area.  
Results confirm the space group and ideal chemical formula given 
previously.  The structure of mertieite-II has been solved (wR2 = 7.68 
%) using type material from Goodnews Bay (Alaska) Results confirm 
the correct space group to be R3c, but suggest:  1. As is essential and 2. 
the ideal chemical formula should be Pd48Sb15As3.  Attempts to locate 
mertieite-I in the type sample were unsuccessful.  Thus, conclusions 
pertaining to the correct crystal structure and chemical formula cannot 
be made. 
This study indicates that As-poor minerals, seemingly related to 
mertieite-II, are potentially new.  Resolution of the crystal structures of 
known members of the mertieite clan illustrates the potential for 
crystal-chemical variations.  This provides an opportunity to better 
understand minerals isostructural with members of the mertieite clan 
(e.g. a recently discovered Sn-analogue of mertieite-II) and will 
generally lead to more clear understanding of phase relations in Pd-Sb-
As systems. 
 
EXPLORING CARBON SEQUESTRATION OF PRAIRIE 
WETLAND LANDSCAPES  

MCDOUGAL, R.L.1, 3, r_mcdougal@ducks.ca, MURKIN, H.R.1 
and CLARK, R.G.2, 3,  1 Ducks Unlimited Canada, 1 Mallard Bay, 
PO Box 1160, Stonewall, MB, R0C 2Z0;  2 Canadian Wildlife 
Service, Environment Canada, 115 Perimeter Road, Saskatoon, 
SK, S7N 0X4;  3 University of Saskatchewan, Saskatoon, SK, 
S7N 5A4 

Wetland restoration may offer potential as a terrestrial landscape-scale 
approach to mitigate greenhouse gas (GHG) emissions within the 
agricultural sector of Canada.  Drainage and cultivation of wetlands, 
particularly in Canada's Prairie Pothole Region (PPR), has shifted these 
ecosystems to function as net sources of GHG to the atmosphere and 
has also resulted in the depletion of natural soil carbon stocks.  When 
restored, we hypothesize that these wetlands can replenish soil carbon 
stocks and emit less methane and nitrous oxide than farmed wetlands.  
Over a three-year period beginning in 2003, we are collecting soil 
organic carbon and GHG emission data from 69 wetlands across the 
Brown, Dark Brown, and Black soil zones of the PPR, located in 
Manitoba, Saskatchewan, and Alberta.  These wetlands were previously 
drained and cultivated for annual crop production and have since been 
restored for periods ranging from one (short-term restored) to ten (long-
term restored) years.  Uplands surrounding these restored wetlands 
have been converted from annual crops to perennial grass cover.  
Landscape-scale soil organic carbon profiles will be presented, as will 
annual patterns of GHG emission from each segment of the upland 
riparian-wetland transect.  The ability of prairie wetlands to sequester 
carbon is poorly quantified, and wetland restoration has not yet been 
evaluated as a strategy to offset emissions.  Numerous conservation 
programs in the U.S. and Canada have enabled the restoration of > 2 
million ha of wetlands and grasslands in the North American PPR, thus 
indicating the willingness of private landowners to restore these 
ecosystems.  Thus, this work is critical in determining the net impacts 
of wetland restoration on carbon budgets. 
 
EMPLACEMENT STRUCTURES IN NORTH MOUNTAIN 
BASALT AT GRAND MANAN ISLAND, NEW BRUNSWICK  

MCHONE, J.G., Earth Science Education and Research, P.O. Box 
647, Moodus, CT, 06469-0647, gregmchone@snet.net 

The giant North Mountain basalt of the Early Mesozoic Fundy rift 
basin between New Brunswick and Nova Scotia has thicknesses of 300 
to 400 m along the eroded margins and up to 1,000 m in the south-
central basin.  The eroded edges indicate that this ponded flow 
originally extended well beyond the present basin, with likely source 
dikes inland in New Brunswick and New England, and with identical 
lavas in basins much farther southwest. 
Three distinct members of the formation are present on Grand Manan 
Island at the southwestern end of the basin.  The lower unit is massive, 
dense, columnar basalt in a colonnade up to 190 m thick on a basal 
contact with Blomidon siltstone.  In place of the expected entablature, 
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there is a stratified middle member of 10 to 12 amygduloidal flows and 
sills, each about 3 to 7 m thick and totaling about 50 m.  Some strata 
show distinct flow tops and basal contacts with pipe vesicles.  Above 
them is about 90 m of medium-coarse to porphyritic columnar basalt in 
a third or upper member.  The upper and lower members are 
dramatically thicker than most lava flows of other flood basalt 
provinces such as Columbia River and Deccan, which tend to be less 
than 20 to 30 m thick (many such flows comprise those provinces). 
The lava structures of the North Mountain basalt are apparently related 
to its extreme flow thickness.  As the massive lower flow unit expanded 
into the basin, it produced an initial middle member layer as a gas 
bubble-rich crust, and additional amygduloidal flows overran this crust 
as gas-rich extrusive surges from the upper levels of the lower member.  
Intrusions from the lower member crosscut the middle flows, including 
a large dike that bends to become a sill within the amygduloidal flows.  
The third or upper member was formed when the entire middle-flow 
package was breached and overflowed by a massive extrusion of 
magma from the lower member. 
The North Mountain basalt members and structures reflect eruptive 
surges from one or more volcanic fissures beneath the western side of 
this immense lava flow.  The surge events inflated the liquid interior of 
the lower flow, which then produced additional flows (both gas-rich 
and massive) into and over its amygduloidal surface strata across the 
basin. 
 
INVESTIGATING THE DYNAMICS OF THAW LAKE 
GROWTH  

MCINTOSH, J., jjmcinto@dal.ca, and PLUG, L., Dalhousie 
University, Department of Earth Sciences, Oxford St., Halifax, 
B3M 4J1 

Regional warming or disturbance (e.g. fire, construction) of ice-rich 
permafrost causes active layer thickening, ground subsidence and water 
accumulation.  Low albedo and high heat capacity of water promote 
ground ice melting, and basin subsidence destabilizes margins which 
release CO2 and CH4 by the decomposition of organic sediment.  The 
resulting thaw lakes cover 40% of the surface of the Arctic Coastal 
Plain in Alaska, 20 – 40% of the Tuktoyaktuk Coastlands, and up to 
30% of the Northern Siberian Plains. 
Lake dynamics depend on a coupling of geomorphological processes of 
lake expansion (e.g. gravity slumping and subaqueous debris flows) 
with heat transfer and thawing.  Presently, numerical models treat 
specific aspects of thaw lake growth in isolation.  For example, the 
geomorphology and thermal regime of a retrogressive thaw slump is 
similar to that of thaw lake margins: the rate of permafrost degradation 
follows the Stefan solution, with headwall retreat reaching 16 m/year, 
and declines as thawed material accumulates at the base and acts as 
insulation.  The development of talik (thawed sediment between the 
lake bottom and permafrost) beneath an inactive lake primarily depends 
on lake bottom temperature, and can be solved with the heat transfer 
equation. 
To investigate the dynamics of thaw lake growth that emerge from 
thawing and slumping, we build a coupled, two-dimensional cellular 
model with three categories of cells: water, permafrost and thawed 
sediment.  Thawed and frozen cells have time-varying properties of 
water/ice content and thermal conductivity.  In the slumping model, 
packages of sediment are redeposited from margin to lake floor using 
distribution functions based on height and volume.  Redeposition is 
calibrated to reproduce natural basin shapes from existing 
measurements near Tuktoyaktuk, NWT.  Basin subsidence in the 
slumping model will be determined by the rate of settlement calculated 
in the heat transfer model.  Following a slumping event, finite element 
equations for heat transfer and phase change are solved across the new 
configuration of cells.  In the model, a talik forms behind the advancing 
thaw front, creating a volume of thawed sediment around the basin 
susceptible to thaw settlement.  We describe preliminary results of 
sensitivity tests of the model; in particular, the effects of changes in the 
uniformity and proportion of ice content from 20-50% on rates of bank 
retreat. 
 

A HOT-PLATE TECTONIC MODEL FOR PROTEROZOIC 
CRUSTAL EVOLUTION IN AUSTRALIA  

MCLAREN, S., Research School of Earth Sciences, Australian 
National University, Acton, ACT 0200 Australia, 
sandra.mclaren@anu.edu.au 

Processes controlling lithospheric evolution on the early Earth are the 
subject of ongoing and often spirited debate.  The popularity of 
uniformitarian principles has meant that, with the exception of the 
earliest Archaean, dynamic plate-tectonic models have largely 
prevailed.  These models appear to be appropriate in many cases, 
including for the Palaeo-Mesoproterozoic evolution of North America 
and for the evolution of those Meso-Neoproterozoic terranes related to 
the assembly of Rodinia, including those in Australia.  However, 
existing models for the Palaeo-Mesoproterozoic evolution of many 
Australian terranes do not fully account for a number of key 
observations.  In particular: (1) repeated tectonic reactivation (both 
orogenesis and rifting); (2) large aspect-ratio orogenic belts; (3) mainly 
high temperature-low pressure metamorphism; (4) rifting and sag 
giving thick sedimentary basins; (5) the nature and timing of 
voluminous felsic magmatism, and (6) the general absence of plate-
boundary features. 
Here a more general approach to understanding crustal evolution is 
advocated.  This is based on the recognition of critical observations 
from the geological record as well as an understanding of the chemical 
and physical properties of the lithosphere.  The basic tenet of any 
tectonic model is that the crust will deform if the applied stress is 
greater than the average crustal strength, and this may occur where 
plate boundary forces are significantly amplified, or the crust is made 
sufficiently weak.  One of the most outstanding features of Australian 
Proterozoic terranes is an extraordinary, but heterogeneous, enrichment 
of the heat-producing elements.  The modern contribution of crustal 
heat sources to the surface heat flow is between 50-70 mWm-2, and this 
value was at least 20-25% higher during the Proterozoic.  This 
enrichment must contribute to significant long-term lithospheric 
weakening and, thus, we advocate a hybrid lithospheric evolution 
model with two tectonic switches: (1) plate-boundary-derived stresses 
and, (2) heat-producing-element-related lithospheric weakening.  The 
Australian Proterozoic geological record of magmatism, metamorphism 
and sedimentation is therefore a function of the magnitude of plate-
boundary derived stresses, the abundance and distribution of heat 
sources, and how both of these change with time.  It has more in 
common with an early Earth hot-plate style of evolution, than the 
modern rigid-plate style. 
 
THE RELATIONSHIP BETWEEN PARTIAL MELT AND 
DEFORMATION, AND ITS SIGNIFICANCE TO OROGEN 
SCALE SHEAR ZONES OF THE MIDDLE TO LOWER CRUST  

MCNEILL, P.D., P.Mcneill@unb.ca, and WILLIAMS, P.F., 
PFW@unb.ca, University of New Brunswick, Fredericton, NB 

The role of partial melt in the deformation and tectonic evolution of 
orogens is an important factor in models of orogenesis (e.g. Channel 
Flow).  It has been suggested that at elevated temperatures in the lower 
to middle crust a partial melt is produced, which, weakens the zone and 
facilitates flow within large crustal scale shear zones.  It has also been 
suggested that the volume of melt coincident with these zones may be 
large. 
To test the validity of models that employ melt to facilitate flow, it is 
imperative that the relationship between ductile flow and partial 
melting be understood.  We have carried out detailed observations and 
mapping at a variety of scales on a typical crustal scale shear zone in 
the southern Canadian Cordillera.  Our aim was to characterize 
deformation and to understand the relationship between deformation 
and partial melting within the zone. 
Our observations from the Monashee Complex of southern BC are 
typical of many similar shear zones and indicate: (1) that partial 
melting is synchronous with deformation, but the products are 
deformed in the solid state.  Thus the residence time of leucosome as 
melt, must be short compared to the rate of deformation.  (2) the 
volume of melt at any given time is small.  Structures and fabrics 
developed in the rocks are typical of ductile flow implying high 
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confining pressure.  Large volumes of melt would reduce the affect of 
confining pressure, resulting in brittle behaviour and characteristic 
rocks such as agmatites.  Since this is not the case and partial melts 
appear throughout the deformation history, we suggest that typical 
crustal scale ductile shear zones do not contain large volumes of melt at 
any specific time.  Thus the role of melt in weakening may be minor, 
and secondary to the role of the elevated temperature responsible for 
the melt. 
 
PROVENANCE STUDIES ON THE DEPOSITIONAL 
HISTORIES OF THE BOWSER AND SUSTUT BASINS, AND 
THEIR IMPLICATIONS FOR TECTONIC EVOLUTION OF 
THE NORTHERN CANADIAN CORDILLERA  

MCNICOLL, V.J., Geological Survey of Canada, 601 Booth St, 
Ottawa, ON, K1A 0E8, vmcnicol@nrcan.gc.ca, EVENCHICK, 
C.A., Geological Survey of Canada, 101-605 Robson St., 
Vancouver, BC, V6B 5J3, and MUSTARD, P.S., Dept. of Earth 
Sciences, Simon Fraser University, Vancouver, BC, V5A 1S6 

The Bowser and Sustut basins are located in north-central British 
Columbia, in the Intermontane Belt of the Canadian Cordillera and 
overlie Devonian to early Middle Jurassic strata of Stikinia.  The 
Bowser Basin records Middle Jurassic to Early Cretaceous marine to 
nonmarine deposition on the western margin of North America and the 
Sustut Basin records mid- to latest Cretaceous nonmarine deposition.  
Provenance studies have been initiated to constrain the age and sources 
of basin strata, in order to understand the depositional histories of the 
basins. 
The Bowser Basin, comprised of a huge volume of clastic rocks, has 
been previously divided into lithofacies assemblages that interfinger 
and overlap in age.  A suite of sandstone to siltstone samples from 
nonmarine to distal marine lithofacies assemblages in the northern 2/3 
of the Bowser Basin was collected for U-Pb detrital zircon 
geochronology.  The samples, ranging from Bathonian to early 
Cretaceous in age, were collected from localities where the age of the 
unit is narrowly and confidently constrained.  The youngest population 
of detrital grains in each sample dominates the detrital zircon dataset 
from that rock.  These youngest detrital populations are within error of 
the depositional ages of the rocks as determined by good macrofossil 
control.  Thus, there are shifts in the dominant-age populations 
corresponding to the depositional ages of the basin rocks.  This dataset 
suggests that detritus from late Middle Jurassic to earliest Cretaceous 
volcanism, of either proximal or distal (airfall) origin, was deposited in 
the basin coeval with deposition of the sedimentary rocks.  The older 
detritus in all of the Bowser samples is of similar age, Triassic through 
Middle Jurassic, and is most likely derived from Stikinia and/or 
Quesnellia, in addition to the Cache Creek source recognized by the 
presence of radiolarian chert clasts. 
Detrital zircon analyses from the Cretaceous Sustut Basin range in age 
from Archean to Cretaceous, suggesting derivation from numerous 
sources, including the Omineca Belt, in contrast to the Bowser basin 
rocks that show no evidence of a North American source.  Constraints 
on the depositional histories of these basins provide insight on the 
tectonic evolution of the northern Canadian Cordillera. 
 
THE DEVELOPMENT OF THE INDICATOR OF RISK OF 
WATER CONTAMINATION BY PESTICIDES (IROWC-PEST) 
UNDER THE NATIONAL AGRI-ENVIRONMENTAL HEALTH 
ANALYSIS AND REPORTING PROGRAM (NAHARP)  

MCQUEEN, D.A.R., mcqueen@ms.umanitoba.ca, 
FARENHORST, A., Department of Soil Science, University of 
Manitoba, Winnipeg, MB, R3T 2N2, and CESSNA, A.J., 
Agriculture and Agri-Food Canada, Environmental Health 
National Program, Water, Air and Soil Quality, AB, Current 
address: National Water Research Institute, Saskatoon, SK, S7N 
3H5 

Pesticides are an important component of Canadian agriculture and are 
used to minimize economic losses in crop and animal production.  
Their use has helped to increase crop yields and value, but may also 
contribute to environmental degradation.  Small amounts of pesticide 
residues are often found in surface and ground waters in Canada. 

An Indicator of the Risk of Water Contamination by Pesticides 
(IROWC-Pest) is currently under development under the National 
Agri-Environmental Health Analysis and Reporting Program, AAFC.  
Because of the complexity of pesticide movement in the environment, 
expertise in various fields is needed for the construction of a reliable 
indicator.  Consequently, there have been consultations with experts 
beginning with a workshop held in March 2004, and continuing with a 
committee with representatives from Environment Canada, AAFC, 
PMRA and academia. 
IROWC-Pest will provide relative estimates of potential risk by 
comparing risk between areas and comparing changes in risk over time.  
The indicator will take into consideration the type and quantity of 
pesticide used, the soil and environmental conditions under which it is 
applied, and the use of beneficial management practices.  IROWC-Pest 
is being developed in phases.  With each phase, the complexity of the 
indicator will increase.  This presentation reports on the progress that 
has been made to date. 
The initial phase of development of IROWC-Pest involves modeling 
the risk of pesticide leaching in soils.  A database was developed to 
provide information on the physical-chemical properties of pesticides 
used in Canada.  In some regions of Canada, data on agricultural 
pesticide usage have been obtained so that the amounts and types of 
pesticides applied in those areas are known. 
The pesticide fate models PRZM, LEACHP, and MACRO have been 
tested for their effectiveness in differentiating the leaching risk of soils 
in Manitoba.  Each model requires separate input files for each soil 
series.  As there are several hundred soil series in Manitoba, software 
was written that automatically extracts relevant information on soil 
characteristics from the CANSIS soils database, and combines these 
data with climate data and pesticide characteristics, to create input files 
for the models.  Subsequently, the software runs the model and then 
extracts pertinent results from the output file such that this information 
is easily reviewed.  In this manner large numbers of soil series can be 
analyzed without the need for human input. 
 
PRE-BREAKUP RECONSTRUCTION OF THE CONJUGATE 
PASSIVE MARGINS OF MOROCCO AND NOVA SCOTIA, 
CANADA, BASED ON POTENTIAL FIELD DATA  

MEAUX, D.P., TARI, A., AOA Geophysics Inc., Houston, TX, 
77042, USA, david.meaux@aoageophysics.com, MOLNAR, J. 
and TARI, G., Vanco Energy Company, Three Greenway Plaza, 
12th Floor, Houston, TX, 77046, USA 

A typical problem for finding the best fit between conjugate margins is 
the frequently uneven and asymmetric data coverage by reflection 
seismic profiles and deepwater wells.  Whereas the Canadian part of 
the western Atlantic is thoroughly studied due to industry and academic 
efforts, the Moroccan side has seen significantly less, and mostly 
academic work until recently.  This inequality in data coverage has 
been significantly changed by recent seismic reflection and potential 
field data acquisition offshore Morocco. 
Based on the integrated structural interpretation of reflection seismic 
and potential field data, the hinge lines on both passive margins 
offshore Nova Scotia and Morocco between Agadir and Safi have 
pronounced kinks interpreted as the expression of the underlying syn-
rift structure.  Also, the ECMA (East Atlantic Magnetic Anomaly) 
appears to be the analogous to the Moroccan S1 anomaly.  Whereas the 
ECMA is considered by many as the ocean/continent boundary, the S1 
anomaly is clearly located on continental crust. 
As the blanketing effect of post-rift sediments is very significant on the 
broad Canadian shelf, the narrower Moroccan margin with its thinner 
sedimentary cover offers important insights into the syn-rift 
architecture of these conjugate margins.  Thus the newly acquired 
potential field data may have important exploration implications. 
 
CANADA'S PALEOCLIMATES  

MIALL, A.D., Dept. of Geology, University of Toronto, Toronto, 
ON, M5S 3B1, Canada, miall@geology.utoronto.ca 

Regional climates depend primarily on latitude. Plate-tectonic 
reconstructions cannot yet indicate Canada’s latitude for the 

129 



Precambrian.  We know, however, that glacial conditions affected the 
continent twice during the Precambrian: the Huronian glaciation (~2.2 
Ga) in southern Ontario, and Late Precambrian glaciation on the 
western and eastern continental margins.  The latter was probably a 
result of extensive uplift accompanying the break-up of Rodinia. 
A gradual anticlockwise rotation and northerly drift of North America 
occurred through the Phanerozoic.  Throughout the Paleozoic, the 
continent lay astride the equator, oriented roughly 90º clockwise 
relative to the present-day.  With the opening of the Atlantic ocean, the 
continent drifted northwards, by about 30º between the mid-Jurassic 
and the Early Cretaceous alone. 
The near-equatorial setting and high sea-levels during early Paleozoic 
account for the widespread development of tropical shelf seas across 
much of the continental interior.  Limestone accumulations rich in shelf 
and reef fauna were the result, on a geographical extent not matched 
before or since.  Equatorial temperatures acting on semi-isolated inland 
seas led to evaporite deposition across the Prairies (Devonian) and 
Arctic (Ordovician). 
With the final assembly of Pangea (Permian), Canada’s eastern margin 
welded onto Gondwana (at ~20ºS).  The semi-tropical fossil forest of 
Joggins, with its unique vertebrate and invertebrate fauna, was the 
result.  Occasional marine incursions were responsible for evaporite 
formation.  The late Paleozoic Gondwana glaciation did not directly 
affect Canada, but cyclic sedimentation in eastern Canada may be 
partly related to high-frequency sea-level cycles caused by glacial 
freeze-melt cycles. 
The breakup of Pangea (Late Triassic) caused extensive rifting from 
Florida to Germany.  Climatic and sedimentary conditions were not 
unlike those of the modern Death Valley, California.  Evaporites, eolian 
deposits and redbed deposits of ephemeral streams are characteristic.  
These conditions persisted into the Jurassic on the newly developing 
continental margin, until true oceanic conditions developed east of 
what is now the United States. 
Climates cooled slowly during the Mesozoic, but semi-tropical to warm 
temperate conditions persisted throughout the interior, leading to the 
spread of the coastal swamps and grasslands of the Western Interior 
Seaway, well known for its dinosaur fauna, a rich and varied marine 
invertebrate assemblage and thick coal accumulations. 
Even in the Arctic regions, a few hundred miles from the present north 
pole, semi-tropical to warm temperate conditions are demonstrated by a 
prolific vertebrate fauna in Paleogene deposits of Ellesmere Island.  
The Arctic climate then cooled dramatically, leading into the late 
Cenozoic glaciation. 
 
HOW DO WE IDENTIFY BIG RIVERS, AND HOW BIG IS 
BIG?   

MIALL, A.D., Dept. of Geology, University of Toronto, Toronto, 
ON, M5S 3B1, Canada, miall@geology.utoronto.ca 

“Big rivers” are the trunk rivers that carry the water and sediment load 
from major orogens, or that drain large areas of a continent.  
Identifying such rivers in the ancient record is a challenge. 
The scale of depositional elements is the most obvious clue to channel 
size, but evidence is typically sparse and inadequate, and may be 
misleading.  For example, thick fining-upward successions may be 
tectonic cyclothems. 
The Hawkesbury Sandstone (Triassic) of the Sydney Basin, Australia, 
is commonly cited as the deposit of a large river, on the basis of 
abundant, very large-scale crossbedding.  An examination of very large 
outcrops of this unit, including a 6 km long coastal cliff section near 
Sydney, showed that even with 100% exposure there are ambiguities in 
the determination of channel scale.  It was concluded in this case that 
the channel dimensions of the Hawkesbury rivers were about half the 
size of the modern Brahmaputra River. 
The tectonic setting of a major ancient fluvial system is commonly not 
a useful clue to river scale.  The Hawkesbury Sandstone is a system 
draining transversely from a cratonic source into a foreland basin, 
whereas most large rivers in foreland basins flow axially and are 
derived mainly from the orogenic uplifts (e.g., the large tidally-
influenced rivers of the Athabasca Oil Sands, Alberta).  Epeirogenic 

tilting of a continent by the dynamic topography process may generate 
drainages in unexpected directions.  For example, analyses of detrital 
zircons in Upper Paleozoic-Mesozoic nonmarine successions in the 
southwestern United States suggest significant derivation from the 
Appalachian orogen. 
Many large rivers in southeast Asia flow along structural trends 
generated during the Himalayan orogeny (e.g., Brahmaputra/Jamuna, 
Irrawaddy, Mekong, Red), but evidence for large channel systems is 
not always present where it might be expected.  For example, in the 
Gulf of Thailand, up to 8 km of Cenozoic nonmarine sediments have 
been recorded in fault-bounded basins, but seismic time-slice images of 
the Pliocene-Holocene section indicate rivers of modest dimensions.  
The existing major trunk river, the Chao Phraya, which empties into the 
gulf at Bangkok, may be but a remnant of the Mekong, which was 
tectonically diverted to its present course at some point during the late 
Cenozoic. 
 
DEMONSTRATION OF GHG MITIGATION FROM THE 
ATLANTIC CANADIAN AGRI-FOOD SECTOR  

MICHITSCH, R.1, michitrc@gov.ns.ca, BURTON, D.2, 
GORDON, R.2 and ELLSWORTH, S.1,  1 Soil and Crop 
Improvement Association of Nova Scotia, 20 Tower Road, Truro, 
NS, B2N 5E3;  2 Nova Scotia Agricultural College, 20 Tower 
Road, Truro, NS, B2N 5E3 

The agri-food sector plays a particular role in the production of 
greenhouse gases (GHG’s) through its daily activities, and the 
mitigation of these emissions is actively being researched.  Through 
increased farm-level awareness and the adoption of beneficial 
management practices related to soil, nutrient-management, animal and 
cropping practices, researchers in Atlantic Canada are demonstrating 
this mitigation potential in the agri-food sector.  The environmental 
benefits beyond GHG mitigation and sustaining the economic viability 
of the farm are realized as priorities.  Initiated in 2003, this 
demonstration is being conducted under the federally-funded 
Greenhouse Gas Mitigation Program (GHGMP), and coordinated in 
parts of Atlantic Canada by the Soil & Crop Improvement Association 
of Nova Scotia (SCIANS) under the supervision of the Soil 
Conservation Council of Canada (SCCC).  Areas of focus for on-farm 
demonstrations cover the following areas: management of nitrogen 
fertilization and soil nitrogen testing; reduced tillage systems and 
technologies; timing of manure application; and manure application 
techniques.  An overview of the activities of this program will be 
provided.  Emphasis on selected results from the 2004 growing season 
will be discussed. 
 
IMPACT OF FRESHWATER INFLUXES FROM HUDSON 
STRAIT ON BOTTOM-WATER CIRCULATION: EVIDENCE 
FROM BENTHIC FORAMINIFERAL FAUNAS AT SITES 
ALONG THE EASTERN CANADIAN CONTINENTAL 
MARGIN  

MILLER, A.A.L., marine g.e.o.s., 1003 Peter St., Apt. 1, New 
Minas, NS, B4N 3L7, marine.geos@ns.sympatico.ca, LEWIS, 
C.F.M. and PIPER, D.J.W., Geological Survey of Canada - 
Atlantic, Bedford Institute of Oceanography, PO Box 1006, 
Dartmouth, NS, BY2 4A2 

Detrital carbonate (DC) beds observed in cores collected from water 
depths of < 1100 m along the Eastern Canadian Continental Margin 
display a paucity or absence of planktic foraminifera; believed to be the 
result of sudden, large, freshwater influxes during periods of rapid 
deglaciation associated with Heinrich and lake outburst events.  These 
influxes carried large suspended sediment loads and reduced sea-
surface salinities.  Benthic foraminiferal faunas within these layers 
have received little attention but have now been found to reflect 
changes in bottom-water properties, changes coincident with these 
freshwater influxes.  Two different marked changes in benthic faunas 
have been observed in DC layers in cores (with AMS 14C control) from 
four locations along the margin: the northern Labrador Slope (1077 
mbsl); the Northeast Newfoundland Shelf (NENS)(457 mbsl); Flemish 
Pass (677 mbsl) and Halibut Channel, south of Newfoundland (167 
mbsl).  At all four locations there is a short-lived abrupt increases in the 
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occurrences of benthic species known to tolerate reduced salinities 
(deglacial foraminiferal assemblage, or DFA, species or sequences), 
indicating that at times the freshwater flux affected the entire water 
column.  In the northern Labrador Slope (LS) core (97-16), proximal to 
the mouth of Hudson Strait, 3 DC layers are present (DC1, DC2, DC3) 
and DFA species indicate that bottom-water salinity was reduced to 
below 33 o/oo during each influx.  In the Flemish Pass (FP) core (99-
4), distal to the mouth of Hudson Strait, 7 DC layers are present, DFA 
sequences are associated with DC1, DC2, and DC3, and the faunas 
between DC layers are glacial in nature.  Prior to DC3, there were very 
different interglacial faunas present, dominated by a few species not 
found living today on this margin, indicating very different bottom-
water characteristics and circulation prior to DC3.  In Halibut Channel 
sediments (borehole 87B-2), DFA sequences occur at the times of H0, 
H1, and H2.  In Notre Dame Channel (NENS), midway between the 
two slope sites, core 83-7 has three DC layers (DC-1, DC0, DC1), and 
DFA sequences occur with the waning of each.  At the onset of DC-1 
and DC0 deposition on outer NENS, slope water faunas are present, 
suggesting that the initial freshwater displaced slope bottom waters and 
faunas onto the outer shelf, followed by mixing throughout the water 
column, and the appearance of DFA sequences.  Variations in DFA 
species, and their percent occurrences, indicate salinity reduction 
decreases with distance from the Hudson Strait source. 
 
BENTHIC FORAMINIFERAL MORPHOLOGICAL 
ABNORMALITIES OBSERVED IN METAL(OID)-
CONTAMINATED SEDIMENTS, COASTAL AREAS OF 
NOTRE DAME BAY, NEWFOUNDLAND  

MILLER, A.A.L.1, marine.geos@ns.sympatico.ca, PARSONS, 
M.B.2, KWONG, J.Y.T.3 and PARROTT, D.R.2,  1 marine g.e.o.s., 
1003 Peter St., Apt. 1, New Minas, NS, B4N 3L7;  2 Geological 
Survey of Canada - Atlantic, Bedford Institute of Oceanography, 
PO Box 1006, Dartmouth, NS, B2Y 4A2;  3 Canada Centre for 
Mineral and Energy Technology (CANMET), Ottawa, ON 

A multidisciplinary survey was completed in July 2001 to assess the 
spatial extent and concentrations of metal(oid)s in submerged tailings 
from two abandoned copper mines, which have contaminated coastal 
areas of Notre Dame Bay, Newfoundland.  Geophysical data and 
sediment gravity cores and/or grab samples were collected.  Dissolved 
metal(oid) concentrations in sediment pore waters are relatively low, 
suggesting that the tailings serve as a sink, rather than a source, of 
metals to overlying waters.  Ten samples from each site were analysed 
for benthic foraminifera, which are known to show morphological 
abnormalities in the form of distorted chambers, abrupt changes in 
coiling direction / chamber arrangement, misplaced apertures, and 
twinning, in response to metal(oid) contamination.  In all non-barren 
samples examined from both sites, deformed specimens were observed.  
Some species exhibit a predominance of a specific deformity. 
At the Little Bay Mine, where 30–50% of the 1.8 million tonnes of 
impounded tailings have flowed into a sheltered estuary since dam 
failure in 1989, the ranges of As, Cd, Cu, Pb and Zn concentrations 
(mg/kg) are: 3–52, 0.04–0.92, 13–520, 1–10, and 19–136, respectively.  
The foraminifera are variable and diverse.  Samples closest to the 
impoundment have the fewest agglutinated specimens (<10%), and are 
dominated by Cribroelphidium excavatum (no deformed specimens); 
whereas in the outer bay the fauna is >85% agglutinated, dominated by 
Labrospira crassimargo, Verneulinulla advena, Recurvoides 
trochamminiforme and Spiroplectammina biformis.  All samples 
contain deformed specimens, comprising 0.5–8% of the fauna.  S. 
biformis has both the highest number of deformed specimens (0.5–
3.5%) and deformed specimens present in the greatest number (7) of 
samples. 
At the Tilt Cove Mine, 5–6 million tonnes of tailings were slurried 
directly into an open-marine, high-energy environment, from 1957–
1967.  Metal(oid) concentrations here have greater ranges and much 
larger maximum values.  Arsenic, Cd, Cu, Pb and Zn values (mg/kg) 
are: 3–310, 0.02–4.5, 8–1600, 2–110, and 28–2900, respectively.  
Faunas here exhibit lower diversities and all samples are strongly 
dominated by agglutinated species, mainly V. advena and C. arctica.  
The inter-sample range of deformed specimens (2.8–5.5%) is less, but 
higher numbers of species and specimens exhibit deformities per 

sample.  At both sites there is no direct correlation between a specific 
metal(oid)’s concentration and the number of deformed species or 
specimens, or type of deformities.  In general, the percentage of 
deformed specimens is highest in the most contaminated sediments. 
 
MERCURY CYCLE - ILLUSTRATED (FOR BOTH DUMMIES 
AND ASSAYERS)  

MILNER, M.W., 182 Gough Ave., Toronto, ON, M4K 3P1, 
mwmilner@interlog.com 

Native mercury has been used in classic placer gold mining operations 
both artisanal and mechanized.  Mercury is utilized in the gold pan to 
help gather very fine-grained gold particles, in riffles used in sluice 
boxes and "nugget traps in bucket-ladder dredges.  Gold is used in 
placer testing to aid in the recovery of fine-grained gold in drill testing 
for placer gold.  Separation of the gold from mercury is done by 
burning in kitchens with the vapour being lost in the air.  Recovered in 
some artisanal operations is by first burning the amalgam in a 
hollowed-out potato to recover the gold, then washing the potato 
charred crust in a gold pan for recuperation of the mercury, and in 
sophisticated operations, squeezed through a chamois and the 50:50 
amalgam treated in a distilling apparatus.  Small quantities of gold, in 
testing is parted with nitric acid the mercury being recovered by 
replacement with copper.  In some placer systems mercury is 
encountered that has been lost during previous mining phases; in rare, 
virgen placers native mercury is recovered, presumed to be of 
supergene origin, in quantities exceeding the gold.  In some areas, 
testing of prospective but barren ground, mercury is recovered that is 
believed to be natural rather than anthropogenic. 
Mercury loss is recognized from the most sophisticated dredge mining 
operations of placer gold and from artisanal lode mining.  There the 
gold ore is mortared in mercury to recover very fine grained gold 
occurring as inclusions in both quartz and sulphide ore.  The resulting 
amalgam is washed to seaprate mineral particles from the amalgam and 
free mercury.  Losses occur and the fluvial dispersion train of metallic 
mercury commonly extends from mining regions in headwaters to the 
sea where it is recovered from black sand by children and recycled. 
Sewage mercury in liquid form, presumed to derive from medical uses, 
is recognized in urban drainage where spillage occurs.  The alluvial 
dispersion follows the principles of placer gold, concentrating in point 
bars with a dispersion time of several years.  Occurring as very fine 
droplets, as when a drop falls to the floor, this liquid form can be 
recovered in a conical gold pan where it appears initially as visible 
quisksilver spheres, as the concentrate develops and finally as the 
droplets coalesce, a bead in the tip of the pan.  With time, especially in 
contaminated streams, the liquid mercury amalgamates with native 
metal such as copper.  In this finely dived, relatively inert form, both as 
native metal beads and as amalgam specks, gold can be recovered from 
10 litre samples processed in the pan in concentrations recognizable 
with the naked eye, as low as a part per billion, at sites where normal 
water analysis for mercury is negative. 
 
CARBONATITES AND CARBONATITES AND 
CARBONATITES  

MITCHELL, R.H., Department of Geology, Lakehead University, 
Thunder Bay, ON, P7B 5E1, Canada, rmitchel@lakeheadu.ca 

Carbonatites (sensu lato) when considered in terms of mineralogical-
genetic classifications, rather than purely modal classifications, can be 
divided into a group of bona fide primary magmatic carbonatites 
formed from diverse asthenospheric mantle-derived magmas, i.e. 
carbonatites associated with the melilitite, nephelinite and kimberlite 
clans, with the latter best being termed calcite kimberlites.  Each 
magma type and associated carbonatites are considered as genetically 
distinct, and formed at different depths in the upper mantle by different 
degrees of partial melting.  Carbonatites associated with the melilitite 
and nephelinite clans can have a multiplicity of origins and be formed 
by fractional melting, fractional crystallization and/or liquid 
immiscibility.  Calcite kimberlites are small volume, late-forming 
differentiates that are not related to other carbonatites or their parental 
magmas.  Carbonate-rich rocks associated with potassic or sodic, 
peralkaline, saturated-to-undersaturated magmas derived from 
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metasomatized lithospheric mantle, together with REE-carbonate-rich 
rocks of undetermined genesis, are best termed carbohydrothermal 
residua rather than carbonatite (sensu stricto).  There can be 
mineralogical (or modal) convergence between these rocks and low 
pressure REE-rich derivatives of bona fide carbonatites derived from 
magmas of asthenospheric origin.  Carbonate-rich rocks formed by 
pneumatolytic or anatectic melting of crustal rocks should not be 
considered as carbonatites (sensu lato or stricto). The origin and 
genetic relationships of the Oldoinyo Lengai natrocarbonatites cannot 
be unambiguously determined and they are regarded as a distinct 
variety of carbonatite (sensu stricto). 
 
APATITE GROUP MINERALS IN LUJAVRITE AND 
RELATED NEPHELINE SYENITE, PILANSBERG 
PERALKALINE COMPLEX, SOUTH AFRICA  

MITCHELL, R.H., rmitchel@lakeheadu.ca, and LIFEROVICH, 
R.P., rlife@lakeheadu.ca, Dept. of Geology, Lakehead 
University, 955 Oliver Rd., Thunder Bay, ON, P7B 5E1 

The Mezoproterozoic Pilansberg complex, emplaced along contact 
between granitic and noritic units of the Bushveld massif (S. Africa), is 
a large differentiated peralkaline intrusion consisting of the foliated 
lujavrite and related green sodic foidites.  These rocks host abundant 
agpaitic mineralization (eudialyte, astrophyllite, rinkite, etc.) and have 
experienced multistage autometasomatic alteration that modified their 
modal composition and produced wealth of rare and exotic silicates, 
oxides and phosphates of lanthanides, actinides, Sr, Ba, Zr, Nb, F.  
Apatite group minerals are common accessories and their 
compositional and textural features document the complex interaction 
of lujavrite and consanguineous fluid systems. 
Fluorapatite-I contains (wt.%) ~1-3 SrO, 0-0.8 Ce2O3 and is preserved 
in cores of euhedral crystals of late-magmatic fluorapatite-II.  The latter 
contains 9-16 wt.% SrO with Sr-rich margins and also contains 0.7 
wt.% Na2O and 1.3 wt.% SiO2.  Early britholite-(Ce) replaces eudialyte 
at early-postmagmatic stage.  This contains (wt.%) 6.8 SrO, 3.5 P2O5, 
2.2 F and 47-48 REE2O3 at La/Ce << 1. 
Strontium-apatite-III is cognate with the most sodic "hyperagpaitic" 
mineralization.  It contains (wt.%) 0-0.6 Na2O, 0-1.1 SiO2, 0.8-6.6 
REE2O3 and up to 56.8 wt.% SrO thus often being even more strontian 
than the holotype from Inagli and that from Khibina peralkaline 
complexes.  Strontium-apatite-IV crystallized contamporaneously with 
REE-Nb-Mn-rich eudialyte at a hydrothermal "agpaitic" stage.  This 
contains up to (wt.%): 45.0 SrO, 12.1 REE2O3, 2.3 SiO2 and 1.2 Na2O; 
the La/Ce ratio increases towards margins of the grains.  Compositions 
of strontium-apatite-IV plot parallel to the "apatite-belovite" join on the 
Ca-(Na+REE)-Sr diagram.  Strontium-apatite always contains >0.5 afu 
F and thus is "strontium-fluorapatite" in contrast to the OH-dominated 
holotype. 
Belovite-(Ce) occurs as tiny patches in strontium-apatite; Ca-rich 
compositions (~8.2 wt.% CaO) transitional to deloneite-(Ce) are also 
present.  Belovite-(Ce) in lujavrite has a more Sr-Na-REE–rich 
composition as compared to its counterpart observed in the Pilansberg 
foyaite (white foidite). 
The latest to crystallize was "lessingite"-like phase associated with low-
temperature natrolite.  This is Ca-Sr-F-poor (~9, 0-0.8, and ~1 wt.%, 
respectively), extremely REE-rich (~70 wt.% REE2O3 at La/Ce >> 1) 
and contains 0-1.0 wt.% P2O5. 
Compositional trends of apatite group minerals in the Pilansberg 
lujavrite and related foidites follow those described counterparts from 
the Lovozero, Khibina and Murun peralkaline complexes and differs 
from that known for apatite group minerals in the Ilímaussaq complex.  
In general, apatite from Pilansberg lujavrite forms a near-perfect solid 
solution along the Ca-Sr join on the Ca-(Na+REE)-Sr diagram, very 
limited solid solutions between strontium-apatite-belovite-britholite and 
diffuse field of britholite-"lessingite" compositions along the Ca-
(Na+REE) join. 
 
EFFECT OF LIME, DCD AND SOIL WATER CONTENT ON 
AMMONIA AND NITROUS OXIDE EMISSIONS FOLLOWING 
APPLICATION OF LIQUID HOG MANURE  

MKHABELA, M., GORDON, R., BURTON, D. and MADANI, 
A., Nova Scotia Agricultural College, PO Box 550, Truro, NS, 
B2N 5E3, m2mkhabela@nsac.ns.ca 

The loss of nitrogen (N) from field-applied animal manure through 
ammonia (NH3) and nitrous oxide (N2O) emissions is a major 
environmental concern.  Both lime and dicyandiamide (DCD) have 
been advocated as amendments that can possibly mitigate N2O 
emissions, but they may simultaneously increase NH3 volatilisation.  
The aim of this study was to evaluate the impact of lime and DCD on 
NH3 and N2O emissions following application of liquid hog manure.  
Hydrated lime (Ca(OH)2) was added to an acidic Acadia soil to achieve 
three pH levels (4.7, 6.3 and 7.4).  Soil samples (100 g) were then 
placed in 500 ml Mason-jars and de-ionised water was added to bring 
the samples to 50, 70, and 90% water filled pore space (WFPS).  Slurry 
and Slurry+DCD was applied at a rate of 10 ml jar-1 (116,000 L ha-1).  
The jars were then sealed and incubated at 21 °C for 21 d.  Ammonia 
volatilisation was quantified using boric acid traps while N2O gas 
concentration was analysed using gas chromatography.  Dicyandiamide 
had no significant effect (p>0.05) on either NH3 or N2O emissions.  
Both NH3 and N2O emissions increased significantly as WFPS 
increased with emissions ranging from 0.92 to 1.38 kg NH3 ha-1 and 
123 to 353 g N2O-N ha-1, respectively.  Meanwhile, liming significantly 
(p< 0.001) decreased N2O emissions (547 to 46 g N2O-N ha-1) but, 
significantly (p<0.001) increased NH3 volatilisation (0.36 to 1.92 kg 
NH3 ha-1).  Results suggest that liming to a pH &ge; 6.3 can reduce 
N2O emissions however, this reduction will be accompanied by a 
substantial loss of NH3.  To better understand the interaction between 
NH3 and N2O, and develop management strategies to mitigate these 
gases, whole system studies are necessary. 
 
SALT TECTONICS ON THE SOUTH ATLANTIC MARGINS:  
ANALOGIES WITH THE NORTH ATLANTIC BASINS  

MOHRIAK, W.U., Petroleo Brasileiro S.A. and UERJ, Rio de 
Janeiro, Brazil, webmohr@petrobras.com.br 

The South American divergent continental margin extends from East 
Brazil towards the continental margin off Argentina.  This segment is 
limited both to the north (equatorial margin of the South Atlantic) and 
south (Malvinas or Falkland Plateau) by transcurrent movements 
associated with oceanic fracture zones, and by the subduction zone 
north of Antartica.  Within the extensional margin, the Aptian salt basin 
is also controlled by transform faults both in the Brazilian and West 
African margins.  The salt basin is limited to the west by the rift border 
faults and towards the east, the salt may locally advance towards 
oceanic crust. 
Several diverse tectono-sedimentary domains are identified in the 
South Atlantic continental margins.  These are related to the Mesozoic-
Cenozoic tectonic reactivations of the South American plate, 
particularly the extensional processes in the Late Jurassic – Early 
Cretaceous, which are responsible for synthetic and antithetic normal 
faults that formed half-grabens and grabens within the mainland and 
offshore.  The transitional phase (Aptian age) is associated with 
siliclastic and carbonate sediments deposited above a regional 
unconformity (breakup unconformity) that heralds the continental drift 
phase, which is followed by evaporite sedimentation between the 
Sergipe-Alagoas and Santos basins, in the Brazilian side, and from Rio 
Muni to Benguela in West Africa.  The regionally extensive, thick 
evaporite layers that occur both along the Eastern Brazilian and West 
African margins suggest the occurrence of an elongated and shallow 
gulf after the syn-rift phase, which was subsequently invaded by sea 
waters during the first marine ingressions of the nascent Atlantic 
Ocean. 
The presence of a highly mobile evaporite layer resulted in the 
development of a characteristic tectonic style marked by salt diapirs 
and extensional and compressional structures.  The marine 
megasequence may be divided into a transgressive marine 
supersequence, with the establishment of a carbonate platform that 
grades into marls and shales (Albian to Turonian), with depocenters 
locally controlled by salt evacuation.  The regressive marine 
supersequence (Santonian – Tertiary) is marked by carbonate and 
siliciclastic facies extending from the platform toward the deep water 
region, and salt tectonics controlled both turbidite development and 
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also extensional faults that provided pathways for hydrocarbon 
migration. 
Several tectonic domains related to salt tectonics are characterized in 
the South Atlantic continental margin using regional deep seismic 
profiles.  These styles are contrasted with the Triassic salt basins 
developed in the North Atlantic, providing tectono-sedimentary and 
petroleum exploration analogies with the Iberia and Eastern Canada 
conjugate margins. 
 
GERMANIUM-BEARING COLUSITE FROM THE 
WATERLOO VHMS DEPOSIT, AUSTRALIA:  NEW DATA 
CONSTRAINING THE CRYSTAL CHEMISTRY OF COLUSITE 
GROUP MINERALS  

MONECKE, T., Geological Survey of Canada, Ottawa, ON, 
Canada, tmonecke@nrcan.gc.ca, and WAGNER, T., Institut für 
Geowissenschaften, Universität Tübingen, Germany 

Bornite-rich ores of the Waterloo massive sulfide deposit, northern 
Queensland, Australia, host colusite, a copper vanadium sulfide of 
complex composition.  This rare mineral has been studied by a 
combination of reflected-light microscopy, scanning electron 
microscopy, and electron-microprobe analysis.  The textural studies 
established that the colusite is associated with pyrite, chalcopyrite, 
sphalerite, tennantite, and bornite.  Colusite was found to be chemically 
homogeneous, the concentrations of As, Sb, V, and Sn being in the 
range of 3.42–4.08 apfu, 0.10–0.20 apfu, 1.86-2.19 apfu, and 0.01–0.12 
apfu, respectively.  The colusite grains are typified by unusual Ge 
contents of 1.78 to 2.23 apfu.  Data analysis demonstrates a negative 
correlation between (As+Sb) and (Ge+Sn).  Moreover, the number of 
vacancies on the cation sites in germanium-bearing colusite (calculated 
as 34 – sum of cations apfu) correlates negatively with (Cu+Fe+Zn). 
Compilation of literature data supports the existence of these two 
compositional trends in colusite group minerals.  The calculated 
nominal number of vacancies ranges between -3.0 and 2.5 pfu, 
indicating a significant deviation from the ideal crystal-chemical 
formulae proposed so far.  This observation can only be explained by 
the simultaneous operation of at least three different coupled 
substitution schemes.  The compilation of literature data further 
suggests that the solid solutions colusite-germanocolusite and 
nekrasovite-stibiocolusite are continuous.  In contrast, intermediate 
compositions along the binary joins germanocolusite-nekrasovite, 
germanocolusite-stibiocolusite, and colusite-stibiocolusite have not 
been reported so far.  These compositional discontinuities are 
interpreted to be indicative for the existence of miscibility gaps in the 
colusite group. 
Integration of the results of the present study and literature data with 
phase equilibria constraints suggests that colusite group minerals in 
VHMS deposits form under moderately oxidized conditions at 
distinctly high copper to iron activity ratios in the ore-forming 
hydrothermal fluids.  The crystal chemistry of colusite group minerals 
appears to be a sensitive tracer of the overall chemical environment.  
The literature review suggests that colusite group minerals are rich in 
arsenic in ores that contain substantial amounts of tennantite.  In 
contrast, tin-bearing colusite and nekrasovite have only been reported 
from VHMS deposits that possess an overall high tin content. 
 
LOW-TEMPERATURE HYDROTHERMAL ALTERATION 
ASSOCIATED WITH GOLD-RICH MINERALIZATION AT 
CONICAL SEAMOUNT, PAPUA NEW GUINEA  

MONECKE, T., Geological Survey of Canada, Ottawa, ON, 
Canada, tmonecke@nrcan.gc.ca, HANNINGTON, M.D., 
Department of Earth Sciences, University of Ottawa, ON, 
Canada, PETERSEN, S., HERZIG, P.M., Leibniz-Institut für 
Meereswissenschaften, IFM-GEOMAR, Kiel, Germany, and 
KLEEBERG, R., Institut für Mineralogie, TU Bergakademie 
Freiberg, Germany 

In 2002, the German research vessel Sonne conducted drilling of the 
shallow-submarine, epithermal-like gold mineralization at Conical 
Seamount in the New Ireland fore arc of Papua New Guinea, 
employing a portable hard rock drilling device of the British Geological 

Survey.  Drilling revealed that hydrothermal alteration of the 
trachybasalt lava is widespread at the summit plateau of the seamount.  
High-grade gold mineralization is confined to locally occurring veins of 
dark gray to black, porous amorphous silica with disseminated sulfides. 
Thin section microscopy as well as qualitative and quantitative XRD 
analysis have been conducted to determine the nature of hydrothermal 
alteration away from the mineralized veins.  Statistical analysis of the 
derived quantitative phase abundances showed that three groups of 
samples can be distinguished.  The first group of samples represents 
least-altered lava that consists of diopside, Ca-rich plagioclase, Na-rich 
sanidine, biotite, magnetite, and volcanic glass.  Texturally unaltered 
clinopyroxene, plagioclase, and magnetite phenocrysts are abundant.  
The second group of samples was clearly affected by weak 
hydrothermal alteration.  Pyrite and marcasite are abundant secondary 
phases.  Because pyrite and marcasite frequently form pseudomorphs 
after primary magnetite, samples of this group contain lower amounts 
of magnetite when compared to the least-altered equivalents.  The third 
group of samples is typified by the occurrence of substantial amounts 
of di- and trioctahedral smectite that largely replace volcanic glass.  
Minor vermiculite is present. Primary magnetite is largely replaced by 
pyrite and marcasite.  These sulfides also form abundant veinlets or 
aggregates disseminated throughout the groundmass of the altered 
rocks.  Clinopyroxene phenocrysts are partially replaced by fine 
grained secondary minerals including clay minerals. 
Based on the stability constraints of the observed alteration minerals, it 
has to be concluded that the widespread hydrothermal alteration at 
Conical Seamount was caused by low-temperature hydrothermal fluids.  
In particular, the occurrence of smectite implies that the alteration 
preceded at temperatures below 150 to 200 °C.  The hydrothermal 
fluids were near-neutral in composition because acid-type minerals 
have not been recognized in the drill core samples investigated.  The 
abundant presence of sulfides and the lack of sulfates and secondary 
oxide minerals are indicative for a relatively reducing environment of 
alteration. 
 
ON THE EDGE FOR OVER 500 MILLION YEARS:  THE 
CANADIAN CORDILLERAN STORY  

MONGER, J.W.H.1, 2, jmonger@saltspring.com, MUSTARD, 
P.S.2 and PRICE, R.A.3,  1 Geological Survey of Canada, 
Vancouver, BC, V6B 5J3;  2 Simon Fraser University, Burnaby, 
BC, V5A 1S6;  3 Queens University, Kingston, ON, K7L 3N6 

The Canadian Cordillera evolved, and continues to evolve, on and near 
the boundary between successive Laurentian-Pangean-North American 
continents and Panthalassa-Pacific oceans.  The story starts in the 
Neoproterozoic, some 725 million years ago, when rifting marked early 
stages of break-up of the Rodinian supercontinent.  By the Early 
Cambrian (~525 Ma), rifting had culminated in seafloor spreading and 
opening of the distant ancestor of the Pacific Ocean, creating the 
Laurentian passive continental margin now represented by rocks in the 
eastern Cordillera. 
In the Middle Devonian (~390 Ma), the passive margin was supplanted 
by the convergent plate boundary that has persisted to greater or lesser 
extent until today, and which has generated the arc-magmatic rocks that 
dominate evolution of the western Cordillera.  Initially, arc magmatism 
was in the distal Laurentian continental margin, but between the Early 
Carboniferous and late Early Jurassic (~360-185 Ma), a period 
approximating the lifespan of Pangea, the arc became separated from 
the continental margin by back-arc basins, and the region probably 
resembled the present western Pacific basin with its fragmenting, 
amalgamating and rapidly migrating arc festoons. 
Starting in the Early Jurassic (~185 Ma), and continuing over a period 
spanning the rifting and eventual break-up of Pangea and spreading of 
the North Atlantic Ocean, the offshore arc festoons, their 
accompanying accretionary complexes, back-arc basins, and pieces of 
the old continental margin were swept up and accreted to the old 
continental margin to form the collage of suspect terranes that (at 
surface) underlies the western two-thirds of the Canadian Cordillera.  
During and following accretion, the crust of the arc and flanking upper 
plate regions was compressed, thickened, and sliced by sinistral and 
dextral strike-slip faults that probably reflect variable oblique 

133 



subduction.  By Late Cretaceous-earliest Tertiary time (~95-60 Ma), 
the region probably resembled parts of the present Andes, with 
continental arcs built on thick crust, external and intermontane clastic 
basins, and thrust faulting eastward up and over the edge of the old 
continent. 
This changed in the early Tertiary (~60-40 Ma), when widespread 
normal faulting thinned the crust and exhumed mid-crustal 
metamorphic rocks as core complexes, and was accompanied by 
dextral strike-slip faulting. 
Major physiographic features, namely two mountainous tracts flanking 
an intermontane plateau, probably emerged in the Neogene (<20 Ma), 
although their distribution mirrors earlier mountain-building events.  
Neotectonic activity, manifested by seismicity, volcanic activity, 
rearranged drainages, and, in near-coastal regions, folding and faulting, 
reflects the offshore convergent-transform-convergent plate boundary. 
 
THE MULTI-FACETED HISTORY OF MANTLE ROOTS 
RECORDED BY THE DEEP CRUST  

MOSER, D.E., University of Utah, 260S Central Campus Dr., 
Salt Lake City, UT, U.S.A., 84112-9155, 
desmond.moser@geog.utah.edu 

The low density, melting temperature and strength of the deep 
continental crust relative to subjacent mantle lithosphere makes it 
sensitive to thermal and structural modification in response to deep 
plate and marginal events.  Deep crustal petrofabrics and high 
temperature mineral chronometers, therefore, preserve a unique record 
of plate evolution; particularly the time of formation and modification 
of mantle roots beneath Archean crust.  The value of the deep crust as 
an archive of continental evolution was appreciated at an early stage by 
Herb Helmstaedt who would at times comment that “Everyone forgets 
about the lower crust”, while always impressing upon his students the 
importance of considering the outcrop (or thin section) in the context of 
the tectonic system in all dimensions.  In this tradition, case studies 
from North America and southern Africa will be presented that 
illustrate how the geology of deep crustal samples from intracratonic 
uplifts, kimberlite xenoliths and large meteorite impacts have been used 
to test and improve models of mantle root (and diamond) evolution. 
Regarding mantle root genesis, the age of cooling and stabilization of 
the deep crust can be used as a proxy for establishment of a mantle root 
‘heat shield’.  A large time gap between formation and stabilization of 
deep crust supports an allocthonous relationship with the mantle root as 
advocated three decades ago by Helmstaedt and collaborators.  The 
lower crust of the Superior Province reveals a gap of up to 90 million 
years with decaying metamorphic intensity suggesting protracted 
growth of the mantle root.  In the older, eastern half of the Kaapvaal 
craton of southern Africa, a time gap of at least 40 million years is 
revealed in crust uplifted by the giant Vredefort impact crater, with 
stabilization following a single, high intensity mantle event.  Neither 
result falsifies the hypothesis of Helmstaedt and collaborators that 
mantle roots can form through shallow subduction/subcretion 
processes.  Local mantle root modifications by meteorite impact, and 
intrusion and intraplating of mantle derived magmas and fluids are also 
recorded by lower crustal minerals from the Superior and Kaapvaal 
cratons, and by shallow eclogites from the Colorado Plateau.  Some of 
these ‘post-root’ events in the deep crust are now being linked to 
episodes of late diamond growth, illustrating the connection between 
the deep crustal record and the multi-faceted history of mantle roots. 
 
MASS FAILURES IN MARGIN CONSTRUCTION:  SCOTIAN 
SLOPE  

MOSHER, D.C., dmosher@nrcan.gc.ca, PIPER, D.J.W., 
CAMPBELL, D.C., SHIMELD, J., MACKILLOP, K. and 
JENNER, K., Geological Survey of Canada - Atlantic, Natural 
Resources Canada, Bedford Institute of Oceanography, 1 
Challenger Dr., Dartmouth, NS, B2Y 4A2 

Much thought is given of late to understanding "Sources to Sink" 
sediment pathways and sediment budgets. Sediment mass failure has 
long been recognized as a significant process in high sedimentation rate 
environments, such as submarine fan deltas.  They are also a dominant 
process in high seismicity zones, such as at convergent margins.  With 

increasing coverage of all continental margins with modern survey 
technologies, such as multibeam sonar and 3D seismic reflection, mass 
transport deposits are increasingly being recognized as a dominant 
depositional style in passive margins as well.  It is clear from the 
Scotian Slope, both from the study of surficial morphology and 
subbottom stratigraphy, that mass transport processes are critical to the 
construction of continental margins and the sedimentary cycle.  At 
every scale of resolution, mass transport deposits are identified.  In 
addition, there is evidence of all styles of mass transport, including 
margin-scale collapse.  Slope stability analysis for the modern slope 
environment, however, indicates the margin is statically stable.  
Significant ground accelerations or overpressures are required to 
initiate failure in most regions.  As the region is part of a large passive 
margin, defining trigger mechanisms remains elusive.  For the Scotian 
Slope, it would seem that seismicity is required, but possibly facilitated 
by other causative factors such as gas hydrate dissociation.  Seismicity 
may be supplied by rare, passive margin earthquakes, or by isostatic 
rebound following de-glaciations. 
 
"SKUNK" CALCITES: PARAGENESIS AND THE CASE FOR 
QUARTZ-CALCITE EPITAXY IN AN AMETHYST GEODE 
FROM AMETISTA, RIO GRADE DO SUL, BRAZIL  

MOSSMAN, D.J., Department of Geography, Mount Allison 
University, 144 Main St., Sackville, NB, E4l 1A7, 
dmossman@mta.ca, EHRMAN, J.M., Department of Biology and 
Digital Microscopy Facility, Mount Allison University, 63B York 
St., Sackville, NB, E4L 1E4; BRÜNING, R., SEMPLE, L., 
Department of Physics, Mount Allison University, 67 York St. 
Sackville, NB, E4l 1E6; and GROAT, L.A., Department of Earth 
and Ocean Sciences, 6339 Stores Road, University of British 
Columbia, BC, V6T 1Z4 

Amethyst geodes are mined from early Cretaceous basalts of the Parana 
Basin in Rio Grande do Sul, Brazil and in neighbouring Uruguay. 
Rarely, as at Jaketti Mine, Uruguay geodes contain “skunk” calcites.  
These have been described as scalenohedral crystals of calcite with 
stripes of black goethite extending up the center of three sides of the 
crystal and converging at its apex, with small (< 1 cm dia.) amethyst 
crystals present along the center of the stripes.  The skunk calcites of 
the present study, recovered near Ametista, Rio Grade do Sul, Brazil, 
combine six scalenohedral and three rhombohedral faces, and exhibit 
stripes on the rhombohedra.  Observations reveal no preferred 
orientation of amethyst upon calcite in the Ametista specimen; epitaxy 
is therefore ruled out.  According to the Royer-Friedel rule, several 
different lattice parameters fulfill the requirements for epitaxy between 
quartz and calcite; however only one such case has ever been observed, 
that being one of coincidence of {100} and the c-axes.  Results of 
goniometric, optical, XRD, and SEM studies reveal the paragenesis: 1) 
formation of a 3 mm-thick lining of banded agate on the inner wall of 
the geode, 2) crystallization of large (1 cm dia.) amethyst (quartz I) 
crystals and calcite crystals contemporaneously upon the banded agate, 
3) formation of sheaf-like sprays of black goethite and small amethyst 
(quartz II) crystals in stripes on calcite rhombohedra, 4) crystallization 
of quartz II crystals overlapped goethite formation in time, 5) 
precipitation of a yellow iron oxide (lepidochrocite) patina upon all 
exposed surfaces of calcite and upon the goethite sheaves.  
Temperatures are believed to have ranged from 500EC during agate 
formation, to about 100EC during formation of the patina.  This last 
step is attributed to a rate-controlled low temperature oxidation process 
of Fe2+ influenced by pH, and metal concentration.  However, the 
expressed preference of goethite and (to a degree) quartz II for the 
skunk-like stripes on calcite rhombohedra remains enigmatic. 
 
BIRTH OF THE ROCKIES  

MOSSOP, G.D., Geological Survey of Canada, 3303-33St. N.W., 
Calgary, AB, T2L 2A7, gmossop@nrcan.gc.ca 

The Canadian Rocky Mountains constitute the deformed western and 
southwestern edge of the Western Canada Sedimentary Basin (WCSB) 
- that vast stretch of Phanerozoic sedimentary strata that underlie the 
Prairies.  The Rockies also constitute the eastern and northeastern 
domain of the Canadian Cordillera - the Foreland Thrust and Fold Belt 
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that straddles the border between Alberta and British Columbia.  So, 
the Rockies have a foot in both camps - the WCSB and the Cordillera 
(both of which are the subject of separate presentations in this 
symposium) - but they embody such astounding natural beauty and 
such tremendous geological fascination that they perhaps warrant 
separate treatment. 
There are three exciting stories to be told about the Rockies - 1) 
deposition, lithification and burial of the original (dominantly 
Paleozoic) sedimentary strata; 2) compression, folding and thrust 
faulting (Jurassic to Paleocene) to force up the mountains; and 3) 
extensive erosional sculpting by water and ice (Eocene to Recent) to 
shape the incredible mountain topography we see at the surface today. 
The Western and Main Ranges of the Rockies are made up mostly of 
Upper Proterozoic and Cambrian sedimentary rocks deposited in 
shelfal and platformal successions along the western edge of ancient 
North America.  The Front Ranges around Banff are dominated by 
Devonian and Carboniferous formations laid down in shallow sub-
tropical seas.  All of the strata are of marine origin, dominated by 
shallow-water carbonate rocks and shales. 
Beginning in the Jurassic, as North America began separating from 
Europe and drifting west, complex tectonic collisions took place in 
what is now British Columbia.  The accretion of crustal blocks to the 
western edge of North America caused tremendous compressional 
shortening in the Paleozoic miogeocline and on the continental 
platform, telescoping the succession toward the east in a complex series 
of thrust slices, forming spectacularly high mountains. 
Since the Paleocene culmination of the mountain building, the Rockies 
and the adjacent plains have become regions of net erosion and 
sediment bypass.  Much of the shaping of the landscape took place as a 
result of Tertiary weathering and erosion, wearing down the land by 
many thousands of metres and transporting the sediment away to the 
Arctic, the Atlantic and the Gulf of Mexico.  Final sculpting during the 
Quaternary glaciations produced the sharp ranges and U-shaped valleys 
that dominate the landscape today. 
 
MAGMA EVOLUTION IN THE PLIOCENE - PLEISTOCENE 
SUCCESSION OF KOS, SOUTH AEGEAN ARC:  
PETROGRAPHIC EVIDENCE FOR MAGMA MIXING  

MOULTON, B., ben.moulton@smu.ca, and PE-PIPER, G., Saint 
Mary's University, Halifax, NS, B3H 3C3 

The islands of Kos and Nisyros represent the most easterly volcanic 
centre of the Pliocene-Quaternary South Aegean arc, which is related to 
subduction of the African plate beneath the Aegean microplate.  
Pliocene and early Pleistocene volcanism is represented by dacite flows 
and rhyolite domes on Kos.  The overlying mid Pleistocene Kefalos 
tuff has abundant lithic clasts of felsic magmatic rocks.  The 0.16 Ma 
Kos Plateau Tuff (KPT), derived from an stratocone now subsided 
beneath the sea south of Kos, has abundant lithic clasts principally of 
andesite.  Together with the well-known stratovolcano of Nisyros, 
which post-dates the KPT, these rather disparate rock types provide a 
record of the geochemical evolution of the volcanic centre over the past 
2.5 Ma.  Older rock types are principally dacite and rhyolite: only in the 
stratocone immediately predating the KPT does andesite first become 
abundant.  The Nisyros stratocone includes rock types from basaltic 
andesite to rhyolite. 
Lavas, mafic enclaves from more felsic rocks, and lithic clasts from 
pyroclastic rocks have been examined by petrographic microscope and 
electron microprobe.  The rocks examined range from andesite to 
rhyolite in composition.  Plagioclase is commonly complexly zoned, 
with corroded and embayed cores, spongy cellular zones, and calcic 
spikes.  Ovoidal quartz is mantled by clinopyroxene crystals and has 
trapped glass inclusions with a range of compositions.  Complexly 
zoned clinopyroxene is in places overgrown by boxy cellular 
orthopyroxene.  Andesite contains quenched accessory acicular apatite 
and glass inclusions are found in some plagioclase. 
Sr and Nd-Sm isotope determination show mantle values in all rock 
types, from andesite to rhyolite, suggesting that there is little crustal 
involvement in the petrogenesis of these rocks.  Andesitic magma may 
have been generated by remelting a mafic underplated layer below the 
thinned continental crust that crystallised from mantle-derived magma 

during regional mafic plutonism in the Miocene.  Episodic 
replenishment of a fractionating magma chamber would account for the 
observed mixing textures and the triggering of explosive eruptions. 
 
HISTORY OF SEA ICE CHANGES IN THE CANADIAN 
ARCTIC AND THE IMPACT ON HUMANS  

MUDIE, P.J., Geological survey of Canada Atlantic, Box 1006, 
Dartmouth, NS, B2Y 4A2, ROCHON, A., ISMER, University of 
Québec at Rimouski, Rimouski, QC, G5L 1V5, and LEVAC, E., 
Environmental Sciences Research Centre, St. Francis Xavier 
University, P.O. Box 5000, Antigonish, NS, B2G 2W5, 
elevac@stfx.ca 

The discontinuous chronology of archaeological records from the 
Canadian Arctic suggests that major climatic changes caused the abrupt 
abandonment of settlements and life style shifts in Palaeo- and Neo-
Eskimo societies.  The centennial-scale resolution of previous 
paleoclimate reconstructions, however, does not permit detailed 
examination of this idea.  Climate warming of more than 1.5°C during 
the past 3 decades has caused reduction of sea ice and loss of marine 
mammals, forcing catastrophic changes on the Inuit people.  Computer 
models forecast continued Arctic warming up to 4°C but the 150-year 
database for the models covers only a fraction of the warm-cold 
cyclicity data in Holocene geological records.  We therefore examine 
the decadal-scale paleoclimatic changes recorded by quantitative 
palynological data in a 6,500 year-long record from Coburg Polynya 
(core LSSL 2001-006 75°35'N, 78°41'W) near the Palaeo- and Neo-
Eskimo occupations of the North Devon Lowlands and in cores HU91-
039-008 and 007 from the central North Water Polynya (NOW) 
between Ellesmere Island and Thule, Greenland (77°16,0'N, 
74°19.9'W).  Paleotransfer function data from dinoflagellate cyst 
assemblages in the cores provide quantitative estimates of changes in 
sea surface temperature (SST) and sea ice cover (SIC) with the same 
accuracy as historical shipboard oceanographic measurements.  Both 
sites records abrupt temperature changes of 2-4°C that can be related to 
the archaeological records of major changes in hunting modes of Paleo- 
and Neo-Eskimo peoples and to detailed occupation-abandonment 
cycles on Devon and Ellesmere Islands.  The paleoceanographic 
reconstructions show that from 6500 to 2600 BP, there were large 
oscillations in summer SST from 2-4°C cooler than now to 6°C 
warmer, and that annual variations in SIC ranged from 2 months more 
of heavy (more than 50 percent) ice to a 4 month extension of open 
water.  This interval corresponds to the period of pre-Dorset Palaeo-
Eskimo cultures that hunted muskox and caribou.  The subsequent 
marine-based Dorset and Neo-Eskimo cultures correspond to 
progressively cooler intervals with expanded sea ice cover.  Our 
records show that in the past, the warming took about 50-100 years and 
lasted about 300 years before being replaced by colder intervals of 
about 200-500 years.  The climatic oscillations are more rapid than the 
major cultural changes in the archaeological record, but are of similar 
length to successive Palaeo-Eskimo occupations in the NOW region of 
Nares Strait. 
 
ANATOMY OF A SUBAQUEOUS KOMATIITE FLOW FIELD, 
STOUGHTON ROQUEMAURE GROUP, CANADA  

MUELLER, W.U., Sciences de la terre, Université du Québec à 
Chicoutimi, Chicoutimi, QC, G7H 2B1, Wulf_Mueller@uqac.ca, 
and DOSTAL, J., Department of Geology, Saint Mary's 
University, Halifax, NS, B3H 3C3, Canada 

The 0.2-2 km-thick Stoughton Roquemaure Group (SRG), which is a 
part of volcanic cycle 1 (2735-2720 Ma), represents the oldest 
ultramafic ocean floor segment of the Abitibi greenstone belt.  The 
SRG, composed of two 50-400 m-thick komatiitic units alternating 
with 100-1000 m-thick basalt flows, was subjected to subgreenschist 
metamorphism. The SRG subaqueous basaltic-komatiitic succession 
flooded the 2734-2727 Ma Hunter Mine caldera.  At one locality, these 
high temperature and low-viscosity flows (1400-1600ºC) display a 
transition from Al-depleted (Al2O3/Ti02~10) to Al-undepleted 
(Al2O3/Ti02~20) komatiitic basalt - komatiite flows. 
The physical volcanology of this transition zone exhibits a distinct up-
section facies architecture with (1) complex master tubes, >20m wide, 
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(2) secondary distributary tubes, 5-20 m wide, (3) branching pillows 
and pillow tubes <5 m wide, (4a) pillow fragment breccia, and (4b) 
hyaloclastite and pillow rind breccia, that collectively form a 
characteristic flow field morphology.  The 50-150 m-thick eruptive 
cycles are exposed in cross-section, and suggest a pulsating magma 
supply with a change in magma volume and flow velocity up-section. 
Master tubes are slightly domal to flat-topped structures with rounded 
chilled lateral terminations.  The massive to columnar-jointed interiors 
change to pillows and pillow selvages at the margin. Numerous thermal 
fractures with chilled margins perpendicular to the cooling front 
commonly traverse thick flow units, possibly explaining the absence of 
large spinifex.  The change from massive to columnar-jointed segments 
suggests flow inflation.  Large pillows at master tube margins indicate 
branching into distributary tubes.  The secondary distributary tubes and 
pillowed tubes are flat to bulbous structures displaying pillow budding, 
branching, and longitudinal and transverse spreading cracks with 
polygonal jointing in three-dimensional exposures. Numerous tubes 
display multiple chilled margins.  Pillow rind breccias with multiple 
chilled pillow margins may be a direct result of localized overpressure 
resulting in pillow tube breakout, comparable to pahoehoe flow front 
breakouts or flow inflation.  The pillow fragment and pillow rind 
breccia near the top of effusive cycles result from autoclastic process, 
whereby implosion, with water ingestion, or flow inflation contributed 
to komatiite flow disintegration.  Seawater entrained in komatiite flows 
and percolating into flow fractures will have a fuel-coolant effect, 
whereby after initial explosive expansion, the hydrostatic pressure 
subdued the explosion causing instantaneous collapse, but not before 
fragmentation was achieved.  The SRG flows are considered the 
subaqueous counterpart to the sustained subaerial Hawaii pahoehoe-
dominated flow fields. 
 
NEW INSIGHTS ON THE PETROLEUM SYSTEMS AND 
PROSPECT EVALUATION OF THE SYDNEY BASIN AND 
WESTERN/CENTRAL SUBBASINS, CAPE BRETON ISLAND  

MUKHOPADHYAY, P.K., Global Geoenergy Research Ltd.; 
POB 9469, Station A, Halifax, NS, B3K 5S3, 
muki@ns.sympatico.ca; HARVEY, P.J., Nova Scotia Department 
of Energy, 5151 George Street, Halifax, NS, B3J 3P7 
harveypj@ns.gov.ca; and SHAW, W.G., JR., W.G. Shaw and 
Associates, 65 Beech Hill Road, Antigonish, NS, B3G 2P9 

This research defines the petroleum system risk assessment of 
Carboniferous play types from three distinct areas of Cape Breton 
Island (Sydney Basin, Port Hood to Lake Ainslie area of the western 
Cape Breton subbasin, and Bras-d’Or subbasin).  The prospects of oil 
and gas in each individual areas are based on: (A) geological 
components (seismic and structural interpretation, and play type 
definitions); (B) petroleum charge components (organic richness, 
source rock analysis, maturation, possible timing of hydrocarbon 
expulsion, and genesis of the oil families already present as seepages 
or stains); and (C) seepage or sealing components.  Re-evaluating the 
numerous Carboniferous sediments and oil and gas shows or stains has 
provided new insight on the history of the hydrocarbon charge and trap 
formation within various Windsor, Horton, and Cumberland Group 
play types. 
The brief appraisal of oil and gas potential from each basin and 
subbasin has delineated the potential areas for future oil and gas 
exploration strategies within Cape Breton Island.  This prediction is 
based on: (a) the presence of numerous oil seepages and oil-prone 
source rocks; overall thermal maturity; (b) porous and permeable 
sandstones (>15 mD) within both the Ainslie and Strathlorne 
formations of the Horton Group and presence of the bioherm and ramp 
facies reservoirs (> 1 mD) of the Windsor Group; (c) the timing of 
crude oil expulsion from the Lower and Middle Horton, Lower 
Windsor (Macumber Formation), and Mabou groups of source rocks in 
relation to the timing of the reservoir compaction of the Horton Group, 
Windsor, and Cumberland sediments; (d) and the sealing efficiency of 
the Upper Horton Group shale or Windsor Group evaporates, and 
Cumberland Group shale.  Results from the study will delineate 
petroleum potential areas and help guide explorers to the most 
prospective hydrocarbon zones within Cape Breton Island. 
 

CARBONACEOUS CHONDRITES AND ARCHEAN 
TERRESTRIAL SEDIMENTS COMPARED FOR VESTIGES OF 
EARLY SOLAR SYSTEM BIOTA  

MUKHOPADHYAY, P.K., Global Geoenergy Resources Ltd., 
1657 Barrington St., Halifax, NS, B3J 2A1; MOSSMAN, D.J., 
Department of Geography, Mount Allison University, 144 Main 
St., Sackville, NB, E4L 1A7, dmossman@mta.ca; and EHRMAN, 
J.M., Department of Biology and Digital Microscopy Facility, 
Mount Allison University, 63B York St., Sackville, NB, E4L 1E4 

Of all meteorites, carbonaceous chondrites (CC) are considered the 
most primitive and least changed since their formation in the solar 
system ca. 4.6 Ga ago.  Many CC encode information concerning the 
early history of the solar system that have been lost or obscured by 
severe heating events which occurred during lunar and terrestrial 
history.  Not obscured is the fact that CC can contain up to 20% water 
and 7% organic matter (the latter consisting of hydrocarbons, aromatic 
and fatty acids, porphyrins, and amino acids), the major component 
being an aromatic polymer-like substance resembling vitrinite.  
Remarkable bacteriomorphic structures indistinguishable from 
terrestrial microfossils occur in many CC. The origin of the organic 
substances and microstructures alike have been the subject of 
intermittent study since the work of Berzelius in 1834.  Our work 
focuses on the organic petrology, scanning electron microscopy, and 
organic geochemistry of selected CC, including Murchison, Allende, 
and Vigarano.  Organic petrology facilitates recognition of relatively 
subtle degrees of maturation and the thermal history of dispersed 
organic matter vs. hydrocarbon generation in this type 1 (CI), the least 
metamorphosed of all chondrites.  Kerogenous microstructures 
observed in these CC closely resemble the remnants of microbial 
(prokaryotic and archaeoprokaryotic) ecosystems established on Earth 
over 3.5 Ga ago.  Common in both CC and in selected Precambrian 
terrestrial sediments (>2.1 Ga) is the presence of mature carbonaceous 
remnants [i.e., fungal remains (?) of rank amorphous organic matter 2, 
solid bitumen, vitrinite-like substances and unidentified carbonaceous 
materials] associated with framboidal pyrites just as in some early 
Paleozoic terrestrial source rock-type associations.  Geochemical 
analysis of CC reveals organic richness and the presence of bacterial-
algal-derived C10 - C20 normal alkanes and associated light 
hydrocarbons.  All CC examined contain solid bitumen-like 
components, the reflectance of which ranges between 1.24% Ro 
(Murchison) to 3.5 - 5.5 (Vigarano).  These data corroborate the 
geochemical interpretations of earlier workers concerning the existence 
of petroleum-like components in CC.  Quite apart from the concept of 
panspermia, the data highlight the link between early life and 
hydrocarbons in both CC and in terrestrial sediments.  In effect, the 
information encoded in CC constitutes a cosmic analogue to terrestrial 
geopolymers or macerals in organic-rich sediments and their derivative 
liquid and/or solid hydrocarbons. 
 
EFFECT OF TILLAGE ON THE CHEMICAL NATURE OF 
FREE AND OCCLUDED ORGANIC MATTER AS REVEALED 
BY 13C CP/MAS NMR SPECTROSCOPIC TECHNIQUE  

MURAGE, E.W., emurage@uoguelph.ca, VORONEY, R.P., 
KAY, B.D. and DEEN, B., University of Guelph, Guelph, ON, 
N1G 2W1 

Knowledge of the chemical nature of soil organic matter is necessary in 
the study of soil carbon sequestration, and in understanding of 
transformations occurring in soils which affect the atmosphere.  This 
study assessed the chemical composition of organic materials located 
outside (free LF, density £ 1.8 g cm-3) or inside of aggregates (occluded 
LF, density £ 1.8 g cm-3) in surface soils under long-term conventional 
(CT) and no-tillage (NT) practices, using 13C CPMAS/NMR 
spectroscopy.  The spectra were integrated and the alkyl/O-alkyl C ratio 
(A/O-A) was used to assess effect of tillage on the extent of 
decomposition free and occluded LF. 
Conventional tillage promoted a loss of O-alkyl C and an accumulation 
of alkyl and aromatic C in both free and occluded LF, but the latter 
were impacted to a greater extent than the former.  Relative to NT, CT 
increased the A/O-A ratio free LF by 1.3 and for occlude LF by 1.6 
times.  The higher A/O-A ratios indicated that both free and occluded 
LF had undergone a greater extent of decomposition under CT than 
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under NT, suggesting that tillage promoted formation of more stable 
components in LF of surface soils under CT relative to that of similar 
soils under NT. 
 
EFFECT OF CHARCOAL ON THE TURNOVER OF CARBON 
IN THE FREE LIGHT FRACTION AS DETERMINED USING 
THE 13C NATURAL ABUNDANCE METHOD  

MURAGE, E.W., emurage@uoguelph.ca, VORONEY, R.P., 
KAY, B.D., DEEN, B., University of Guelph, Guelph ON, N1G 
2W1, and BEYAERT, R.P., Agriculture and Agri-Food Canada, 
Southern Crop Protection and Food Research Centre, 1391 
Sandford Street, London, ON, N5V 4T3 

Charcoal fragments occur frequently in the light fraction (LF) and this 
suggests that charcoal C is an important constituent of the LF in North 
American soils.  Charcoal is highly resistant to biological degradation, 
hence it will have significant implications for studies of LF 
composition, dynamics and modeling exercises.  This study aimed to 
quantify the contribution of charcoal to free LF (density < 1.8 g cm-3) 
C, as well as its effect the on the turnover of C in that fraction using the 
13C natural abundance method. 
Duplicate free LF samples were isolated from soils the 0-20 cm depth 
of soils under continuous corn and tobacco/rye cropping.  Charcoal and 
plant fragments were handpicked from one set of the free LF.  The *13C 
of charcoal, plant and free LF samples were measured.  Two end-
member mixing models were used to estimate the proportions of free 
LF C derived from C3 and C4 plants and charcoal. 
The *13C for charcoal ranged from –26 to –25 ‰ indicating that C in 
charcoal was derived from C3 vegetation.  This indicated that burning 
took place before corn was introduced and that corn-derived C was not 
incorporated into charcoal. 
Charcoal- and previous C3 residue-C accounted for between 72 to 75% 
and 25 to 28%, respectively, of the total C3-C in the free LF, indicating 
that charcoal C was responsible for the persistence of a sizable portion 
of the native C remaining in that fraction. 
The turnover of previous C3 residue-C in charcoal-free LF was faster 
(8.3 to 9.5 yrs) than that of free LF containing charcoal (21 to 23 yrs), 
indicating that C3-derived charcoal persisted in free LF and it slowed 
the turnover of C3-C in that fraction by 2.5 times.  This provided 
supporting evidence that the presence of charcoal in a fraction that is 
considered to have a rapid turnover is likely to lead to misinterpretation 
of the dynamics of the LF.  Further, the presence of charcoal in the free 
LF indicated that that fraction included C with different turnover, 
implying that a SOM simulation model based on experimentally 
verifiable meaningful SOC pools would require delineation of charcoal 
as a distinct SOM pool. 
 
EFFECT OF TILLAGE ON SEQUESTRATION AND 
TURNOVER OF CARBON IN FREE LIGHT, OCCLUDED 
LIGHT AND HUMIFIED ORGANIC MATTER IN A SANDY 
LOAM SOIL  

MURAGE, E.W., emurage@uoguelph.ca, VORONEY, R.P., 
KAY, B.D., University of Guelph, Guelph, ON, N1G 2W1, and 
BEYAERT, R.P., Agriculture and Agri-Food Canada, Southern 
Crop Protection and Food Research Centre, 1391 Sandford 
Street/1391, rue Sandford London, ON, N5V 4T3 

Physical protection of soil organic matter (SOM) within aggregates is 
an important factor controlling dynamics and decomposition of organic 
C in cultivated soils, and the disruption of aggregates is one of the 
mechanisms proposed for lower SOM in tilled than in no-tilled soils.  
Therefore, to accurately predict the effects of tillage on C sequestration, 
greater knowledge of dynamics of SOM in different locations in the 
soil matrix, and of SOM in intimate association with soils minerals, are 
needed.  The objective of this study was to investigate the effect of 
tillage practices on the dynamics of C in free light (FLF density < 1.8 g 
cm-3), occluded light (OLF density < 1.8 g cm-3) and humified organic 
matter (HF density > 1.8 g cm-3) in a Fox Sandy loam soil.  Changes in 
the content and isotopic composition of organic C were used to 
measure the sequestration of corn C and the turnover of C3-C in those 
SOM fractions following 11 yrs of continuous corn cropping. 

Adoption of no-tillage increased the amounts of C in all the three SOM 
fractions in the 0-5 cm soil depth, but it decreased the amount of C in 
the FLF only in the 5-15 cm depth.  Consequently, the amounts of C all 
the three SOM fractions in the entire sampling depth were not affected 
by tillage. 
Tillage affected the turnover of C3-C in the 0-20 cm soil depth in the 
OLF but not in the FLF and the HF.  The slower turnover of C3-C in 
the OLF compared to the FLF was attributed to protection inside 
aggregates, while lower replacement in the HF than in the FLF was 
probably due to humification and intimate association with soil 
minerals and Ca2+ ions. 
Adoption of no-tillage did not affect the amount of corn C stored in the 
FLF and HF in the 0-20 cm soil depth, but it marginally (P=0.1) 
increased sequestration of corn C in the OLF by 23% relative to CT.  
However, the OLF accounted for only a small proportion (6 to 8%) of 
the total corn C in the soil, hence there was no evidence for the 
existence of a large pool of organic matter stabilized in aggregates. 
 
SIGNIFICANCE OF ELEVATED CONTENTS OF �Si4O8 AND 
AlAl3SiO8 END-MEMBERS IN BLACK CLOUDED 
PLAGIOCLASE FROM THE LAC SAINT-JEAN 
ANORTHOSITE:  EVIDENCE FOR OXIDATION-INDUCED 
POSTMAGMATIC EXSOLUTION OF FE-TI OXIDE 
INCLUSIONS FROM PLAGIOCLASE  

MURAKAMI, H., Research Institute of Materials and Resources, 
Faculty of Engineering and Resource Science, Akita University, 
1-1 Tegata Gakuen-cho, Akita 010-8502, JAPAN, 
hidekim@rimr.akita-u.ac.jp, and LALONDE, A.E., Ottawa-
Carleton Geoscience Centre, Department of Earth Sciences, 
University of Ottawa, Ottawa, ON, K1N 6N5, aelsc@uottawa.ca 

Large anorthosite massifs that have escaped major metamorphic 
recrystallization have plagioclase phenocrysts that are black and 
clouded by myriads of minute Fe-Ti oxide crystals.  Single crystals of 
such black plagioclase from the Lac Saint-Jean Proterozoic massif-type 
anorthosite in Québec were studied to explain the simultaneous 
existence of acicular crystals of hematite and hemo-ilmenite, fine 
unidentified Fe-Ti dust, and the unusual presence of the �Si4O8 and 
AlAl3SiO8 end-members in the plagioclase. 
Our previous work on a single-crystal of plagioclase (specimen L870B) 
from this intrusion has shown that these oxides and compositional end-
members were products of exsolution from the plagioclase by the 
following exsolution reactions: 
a)  4Fe2+Al2Si2O8 + 4CaFe2+Si3O8 + 2O2 → 4Fe2O3 + 4CaAl2Si2O8 + 
3�Si4O8

b)  8Fe2+Al2Si2O8 + 2O2 → 4Fe2O3 + 3�Si4O8  + 4AlAl3SiO8

c)  8CaAl2SiTiO8 + 8Fe2+Al2Si2O8 → 8CaAl2Si2O8 + 8FeTiO3 + �Si4O8 
+ 4AlAl3SiO8

To confirm our exsolution model, we have recently examined two 
additional single crystals (L860B and L861) from different localities in 
the intrusion.   Our results show that these new specimens also contain 
significant amounts of the �Si4O8 (up to 6.6 mole %, L870B; 3.9, 
L860B; 3.2, L861) and AlAl3SiO8 (up to 2.2 mole %, L870B; 1.1, 
L860B; 0.8, L861) end-members.  A positive relationship is observed 
between these two end-members in all our specimens.   The molar ratio 
of �Si4O8 to AlAl3SiO8 is approximately 3:4 in specimen L870B; the 
other two crystals have slightly different ratios.  Furthermore, the 
content of both the �Si4O8 and AlAl3SiO8 end-members decreases 
rapidly in sections of the crystals that have suffered albitization, 
indicating that these unstable components react in the presence of late 
sodic fluids to produce albite.  We believe that in the presence of high 
concentrations of oxygenated fluids, reactions a) and b) occurred 
rapidly and simultaneously to produce large amounts of fine oxide dust.  
This rapid combined reaction led to a steep slope in excess of 0.75 in 
the �Si4O8 vs. AlAl3SiO8 diagram.  In contrast, with lesser 
concentrations of oxygenated fluids, longer reactions times gave rise to 
oxides via a two-step reaction model, by which reaction a) first yielded 
high initial concentrations of �Si4O8 at low values of AlAl3SiO8, 
followed by further production of �Si4O8 and AlAl3SiO8 from reaction 
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b) to yield a slope of 0.75 in the diagram.  In the case of reaction c), the 
slope in the diagram would be even less than 0.75. 
 
PSEUDOTACHYLYTE DATING BY ZIRCON FISSION-TRACK 
THERMOCHRONOLOGY  

MURAKAMI, M., murakami@kueps.kyoto-u.ac.jp, and 
TAGAMI, T., Department of Geology and Mineralogy, Division 
of Earth and Planetary Sciences, Graduate School of Science, 
Kyoto University, Kyoto 606-8502, Japan 

Frictional heating during earthquake-causing fracturing events literally 
melt the rocks within the fault, i.e. pseudotachylyte.  The fission-track 
(FT) method is a novel rock-dating technique that allows to precisely 
date such thermal events.  Murakami et al. (submitted) performed a 
new series of laboratory annealing experiments on zircon FTs.  As a 
result, surface FTs almost faded and only very few tracks remained 
visible in samples heated at 912°C for 3.9 seconds and 858°C for 10.4 
seconds.  This result suggested that FTs in zircon should be annealed at 
these temperature-duration conditions while melting pseudotachylytes 
(i.e. at 1000°C for 5 seconds).  The zircon FT annealing is therefore 
available for the dating of pseudotachylytes.  This study demonstrated 
that within the Nojima Fault and the Asuke Shear Zone there are 
surfaces that show geological evidence of past earthquakes. 
The Nojima fault was activated during the 1995 Kobe earthquake (M 
7.2), which caused great damage and loss of life in Kobe city and the 
northwest area of Awaji Island, Japan.  Otsuki et al. (2003) found 
pseudotachylyte layers in the fault, in which the detail of physical 
process during seismic slip was recorded.  We carefully separated 
zircons from ~2-10 mm wide pseudotachylyte layers collected at the 
Hirabayashi trench of the fault and analyzed them by FT method.  The 
measured ages of the layers (~56 Ma) were significantly younger than 
those of surrounding Ryoke granitic rocks (~74 Ma).  The results 
suggest that the Nojima fault was already initiated at ~56 Ma. 
Asuke Shear Zone is located in Aichi Prefecture, Japan.  Sakamaki and 
Takagi (2002) reported pseudotachylyte layers associated mainly with 
cataclasite along the shear zone.  We analyzed zircons separated from a 
11cm wide layer by FT and U-Pb method.  FT ages of the 
pseudotachylyte are ~53 Ma, significantly younger than those of 
surrounding host rock (~74 Ma).  In addition, another important aspect 
is that the FT age was significantly younger than U-Pb age of the 
pseudotachylyte layer while host rock has indistinguishable ages 
between the two methods. 
We thankfully acknowledge Profs. Kenshiro Otsuki and Hideo Takagi 
for their helps on collecting samples.  We also greatly appreciate the 
invitation to the session by Prof. Marcos Zentilli, Dalhousie University. 
 
PLATE TECTONICS IN CANADA  

MURPHY, J.B., Dept. of Earth Sciences, St. Francis Xavier 
University, Antigonish, NS, B2G 2W5, bmurphy@stfx.ca, and 
HYNES, A.J., Dept. of Earth and Planetary Sciences, McGill 
University, Montreal, PQ, H3A 2A7 

Earth’s lithosphere is fragmented into plates that ride on the plastic 
asthenosphere and interact at their boundaries.  Such interactions are 
responsible for most of Earth’s seismic and volcanic activity.  Over 
millions of years, plate motions open and close oceans, form mountain 
ranges and effect significant changes in Earth's geography.  Ever since 
Lawrence Morley interpreted magnetic patterns in the oceanic 
lithosphere to be the result of sea floor spreading and Tuzo Wilson 
deduced the relationship between plate motions, transform faults and 
aseismic ridges, and applied plate-tectonic principles to the Paleozoic 
Appalachian-Caledonian mountain chain, Canadian geoscientists have 
been at the forefront of the development of plate tectonics, most 
notably through LITHOPROBE and in the development of precise 
dating techniques.  Canadian geology plays a pivotal role in the 
generally accepted principle that plate tectonic processes have guided 
Earth’s evolution at least since the end of Archean time.  The most 
compelling evidence for Late Archean subduction is preserved in 
LITHOPROBE images of the Abitibi-Opatica belt.  The 2.5 to 2.1 Ga 
Huronian sediments contain some of the world’s oldest known glacial 
deposits and provide evidence for an oxygenated atmosphere.  The ca. 

2.0-1.7 Ga Trans Hudson orogen preserves some of the world’s oldest 
ophiolites, convergent plate margin tectonics and evidence of the 
collision that gave rise to Laurentia (ancestral North America).  These 
data also constrain Canada’s changing relationship with its geological 
neighbours through time, and its position in supercontinents Columbia 
(ca. 1.8 Ga), Rodinia (ca. 1.0 Ga), Pannotia (0.55 Ga), and Pangea (ca. 
0.3 Ga).  During this time, the Canadian lithosphere was formed 
through a succession of orogenic events which eventually produced a 
stable continental interior.  Since the breakup of Pangea, the westward 
drift of North America with respect to the mantle has resulted in 
contrasting evolutions along Canadian continental margins, passive 
margin development along the trailing (eastern) margin and 
accretionary orogenesis along the leading (western edge).  By 
implication similar contrasting, but geodynamically linked evolution of 
continental margins may have accompanied the breakup of previous 
supercontinents, but remain to be documented. 
 
ASIS ECLOGITIC BAND, PIAXTLA SUITE, ACATLÁN 
COMPLEX, SOUTHERN MEXICO: EVIDENCE FOR 
ORDOVICIAN RIFTING, AND MISSISSIPPIAN SUBDUCTION 
AND EXHUMATION OF THE RHEIC OCEAN  

MURPHY, J.B.1, bmurphy@stfx.ca, MIDDLETON, M.1, 
KEPPIE, J.D.2, NANCE, R.D.3, MILLER, B.V.4, DOSTAL, J.5, 
ORTEGA-RIVERA, A.6, FERNANDEZ-SUÁREZ, J.7 and 
JEFFRIES, T.E.8,  1 Geology Department, St. F.X. University, 
Antigonish, NS, B2G 2W5;  2 Instituto de Geologia, Universidad 
Nacional Autonoma de Mexico, 04510 Mexcio D.F.;  3 

Department of Geological Sciences, Ohio University, Athens, 
Ohio, 45701, USA;  4 Department of Geology, Texas A and M, 
College Station, Texas, USA;  5 Department of Geology, St. 
Mary’s University, Halifax, NS;  6 Instituto de Geologia, 
Universidad Nacional Autonoma de Mexico, Hermosillo, Sonora 
83000, Mexico;  7 Dept. de Petrologia y Geoquimica, Universidad 
Complutense, Madrid 28040, Spain;  8 Dept. Mineralogy, Natural 
History Museum, London, SW7, U.K. 

The Piaxtla Suite of the Acatlán Complex (southern Mexico) has 
previously been considered a vestige of the Iapetus Ocean that 
underwent eclogite facies metamorphism during Late Ordovician 
subduction and exhumation.  Detrital zircon data from the Asis band of 
the Piaxtla Suite indicates that the metasedimentary rocks were 
deposited after ~700 Ma and probably before intrusion of a quartz-
augen granite at ~470 Ma (U-Pb concordant SHRIMP ages of zircon).  
Geochemistry of: (i) the associated amphibolitic layers indicates that 
they are continental tholeiites with a ~1.1-1.8 Ga source (TDM age); 
(ii) the metasediments are continentally-derived, immature rift-related 
to mature passive margin sedimentary rocks derived from a 1.0-1.8 Ga 
source (TDM age); and (iii) the megacrystic granites are rift-related, 
S/A-type derived from a ~1 Ga basement.  The ~1.0-1.8 Ga source ages 
are most easily found in the adjacent Oaxacan Complex.  The 
association of rift-related bimodal igneous rocks and rift-passive 
margin sedimentary rocks suggests a genetic connection.  Subsequently 
these rocks record the following sequence of events: (i) eclogite facies 
syntectonic metamorphism preserved as aligned omphacite in mafic 
lenses; (ii) polyphase deformation involving WSW-ENE tectonic 
transport under amphibolite facies conditions accompanied by 
migmatization; (iii) continued deformation under greenschist facies; 
and (iv) development of three phases of crenulation cleavage.  
Geochronological data indicate cooling of the eclogitic amphibolite 
through ~800°C at 346 ± 3 Ma followed by migmatization until ~347-
330 Ma (U-Pb zircon analyses).  Nearby unmetamorphosed Upper 
Devonian sedimentary rocks contain metamorphic, Acatlán clasts 
suggesting rapid exhumation from eclogite to greenschist facies 
conditions during the Mississippian.  These data are incompatible with 
an origin within the Iapetus Ocean, but are consistent with Ordovician 
rifting followed by oblique subduction of the leading edge of 
Gondwana along the southern flank of the Rheic Ocean during the 
amalgamation of Pangea. 
 
A COMPARISON OF SOIL PROFILE CO2 PRODUCTION 
DYNAMICS ACROSS ADJACENT INTACT AND CLEARCUT 
FORESTS  
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MYETTE, A., amyette@stfx.ca, KELLMAN, L., BELTRAMI, 
H. and RISK, D., Environmental Sciences Research Centre, St. 
Francis Xavier University, PO Box 5000, 1 West Street, 
Antigonish, NS, B2G 2W5 

Changes in soil vegetation cover alter a suite of factors that control the 
balance of carbon stored in soil profiles including the heat balance, 
hydrological regime, physical properties and input and turnover of 
organic matter in soils.  Altering these factors will change the absolute 
quantity of soil respiration but may also shift the relative proportions of 
deep versus shallow CO2 production.  Although studies have 
investigated net changes in soil surface respiration resulting from major 
landuse changes, there is limited information about how the dynamics 
are altered through the soil profile.  The objective of this study is to 
compare soil CO2 production through the upper one meter of the 
mineral soil profiles of sites of contrasting forest management in mixed 
forests typical of Atlantic Canada.  We control for soil, climate and 
topography by selecting adjacent sites on a similar sandy and clayey 
textured soil.  Observed variations between sites are thus expected to be 
a result of alterations in landuse management and associated vegetation 
cover.  Detailed profile measurements of CO2 concentration, 
temperature and moisture have been collected at each site to a depth of 
approximately 1 meter weekly or biweekly between the summer of 
2003 and the summer of 2004.  Detailed subsurface CO2 profile 
concentrations are used to predict soil CO2 production within individual 
layers by estimating fluxes between layers and modeling diffusivity.  
The results demonstrate clear differences in the relative importance of 
shallow versus deep CO2 production across the study sites. 
 
AN INTEGRATED STUDY OF SO2 BEHAVIOR IN THE 
VOLCANIC PLUME AT MASAYA VOLCANO, NICARAGUA  

NADEAU, P.A. and WILLIAMS-JONES, G., Simon Fraser 
University, Burnaby, BC, V5A 1S6, panadeau@sfu.ca, 
glynwj@sfu.ca 

Measured fluxes of volcanic SO2 emissions are important in the 
evaluation of the state of activity of a particular volcano.  Often, such 
fluxes are measured at a distance from the source of SO2.  This may 
lead to significant underestimates of fluxes as a result of the loss of SO2 
by conversion to sulfate aerosols within the volcanic plume.  
Dispersion of and deposition from the plume are factors also likely to 
contribute to inaccuracies in SO2 flux measurements.  We report 
preliminary results from an intensive 3-week campaign at Masaya 
Volcano, Nicaragua in February and March, 2005.  The timing and 
location of the study allowed for SO2 measurements to be made without 
complications from precipitation or ocean-land atmospheric 
interactions.  Inaccuracies in flux determination resulting from 
erroneous plume speed estimates were greatly reduced through 
utilization of a multiple-spectrometer technique for constraining plume 
speed.  Topographic effects on the plume’s behavior were also 
evaluated.  To fully quantify the loss of SO2 within the plume, 
FLYSPEC traverses were performed simultaneously at different 
distances downwind of the source vent.  Further, FLYSPECs were used 
in tandem with a Microtops sun photometer in order to assess of the 
plume’s aerosol content at each of the distances downwind.  By 
comparing values obtained for SO2 and aerosol content of the plume for 
each of the two downwind distances, aerosol conversion rates and the 
dropout rate due to other mechanisms were determined.  Integration of 
aerosol and well-constrained SO2 measurements make possible far 
more accurate assessments of source vent fluxes and the fate of SO2 
within volcanic plumes. 
 
A COMPARATIVE STUDY OF THE LOSSES OF NITROGEN 
FROM VARIOUS FORMS OF MANURE APPLIED EITHER IN 
THE FALL OR IN THE SPRING  

NAGASAWA, J.M., University of Guelph. Guelph, ON, N1G 
2W1, jnagasaw@uoguelph.ca 

An N-index has been developed as part of the Ontario Nutrient 
Management Act, which is based on the potential for loss of nitrogen 
(N) to the environment (primarily losses to ground water).  The N-
index however, was largely based upon past studies with the emphasis 
on the agronomic potential of manure N.  The primary focus of the 

current study is to examine the relative agronomic value of fall versus 
spring-applied manure N for four different types of manure.  Impact 
assessments were accomplished through quantification of application 
timing and manure type on N losses as either ammonia volatilization or 
nitrate leaching.  Late-summer and late-fall applied manure treatments 
were established in 2003 with ammonia volatilization measurements 
taken at 24, 48, and 76 hours after the initial application of prescribed 
manures.  Soil nitrate concentrations were accomplished through 
biweekly sampling treatment plots at 20 cm increments to a depth of 80 
cm until freeze up occurred in early December.  Spring manure and 
fertilizer treatments were established in early 2004 with ammonia 
volatilization measurements taken at respective intervals and soil 
nitrate sampling commencing after application until the corresponding 
winter.  Corn N utilization was also evaluated through biomass 
sampling at the 6-leaf, silking and harvest stages.  Preliminary results 
indicate that the total N loss through ammonia volatilization were lower 
in the late-fall applications compared to the early fall or spring 
applications.  Corn yield response to applied N fertilizer followed a 
typical response curve with incremental increases until a plateau at the 
200 kg N ha-1.  Typically, the yield response to applied manure nitrogen 
increased with increasing application rate.  The results of the study can 
be used to verify N-index calculations used and possibly give further 
insight into N-index variables and nitrogen dynamics. 
 
EXPERIMENTAL CONSTRAINTS ON ECLOGITE STABILITY 
IN MORB-TYPE BULK COMPOSITIONS UNDER FLUID-
ABSENT CONDITIONS  

NAIR, R. and CHACKO, T., Dept. of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3 

Prograde transition of rocks of basaltic bulk compositions from 
amphibolite- or granulite-facies to eclogite-facies marks a petrologic 
transformation that provides critical information on geothermal 
characteristics and conditions of magma generation in subduction 
zones.  Although, this transition is well documented in a variety of 
metabasaltic compositions at temperatures >1000 °C, experimental data 
is lacking in the temperature range 800-1000 °C.  Down-temperature 
extrapolation of anhydrous experimental results of Green and 
Ringwood (1967) on a quartz tholeiite bulk composition indicate plag-
out/eclogite in at ~ 14 kbar at 800 °C.  Here, we report the results of 
long duration fluid-absent experiments at 800-1050 °C in two high-
grade amphibolites (with differing Fe/Mg ratios) having compositions 
similar to mid-ocean ridge basalts.  Our results indicate that typical 
MORB bulk compositions require pressures of at least 17.5 kbar (900 
°C) and 20 kbar (850 °C) for the complete disappearance of plagioclase 
and the development of true eclogitic mineral assemblage.  The results 
imply a negative slope for plag-out reaction at temperatures &le;900 °C 
and a positive slope at >900 °C, under fluid-absent conditions.  
Therefore, down-temperature extrapolation of plag-out boundary from 
experiments at temperatures >1000 °C (a practice followed by many in 
modeling subduction zone phase relationships in metabasalts) may not 
be representative of amphibolite-eclogite transition in subducting 
oceanic crust.  The results also suggests that in shallow, hot subduction 
zones partial melting processes may have occurred in the plagioclase-
bearing, high-pressure granulite field rather than in the plagioclase-free 
eclogite field. 
 
WHAT VOISEY'S BAY HAS TO TELL US ABOUT THE 
ORIGIN OF MAGMATIC SULFIDE DEPOSITS  

NALDRETT, A.J., University of Toronto, Department of 
Geology, Toronto, ON, M5S 3B1, ajnaldrett@yahoo.com, present 
address, 15, Apers Ave., Woking, Surrey, GU22 9NB, UK 

At the time of the Voisey’s Bay discovery in 1994, it was appreciated 
that the “Sudbury Model” of the direct settling of magmatic sulfides 
from a layered intrusion was not the only model to guide exploration.  
Work on the Western Australian, komatiite-related deposits had shown 
that in this environment sulfides had been concentrated at the base of 
lava channels along which much magma had flowed, and that thermal 
erosion of sulfide-bearing country rocks was a likely source for the 
sulfur in the ores.  Work at Noril’sk was suggesting that intrusive 
conduits for volcanism were important foci for mineralisation, that 

139 



crustal contamination of mafic magma and ingestion of crustal sulfur 
had caused sulfide immiscibility and that chalcophile element depletion 
on a regional scale could serve as a guide to the presence of deposits.  
The Voisey’s Bay deposit provides dramatic proof of all of these 
concepts.  Magma rising into the crust ponded within sulfide-bearing 
pelitic gneisses where strong reaction occurred, and the magma became 
chalcophile depleted.  Fresh, undepleted magma caused the depleted, 
sulfide-bearing magma to rise farther up a narrow dyke, to pond again 
as a higher level intrusion.  Sulfides were upgraded as a result of 
interaction with the fresh magma, and became concentrated in 
hydraulic traps as a consequence of hydrodynamic effects induced by 
the flow. 
The only significant sulfide concentrations associated with the Nain 
Plutonic event are where primitive mafic magma has intruded the 
sulfide-bearing pelitic (Tasiuyak) gneiss (Voisey’s Bay and Pants 
Lake).  Troctolitic intrusions east of the easterly limit of the Tasiuyak 
gneiss have thus far proved unproductive.  Other zones of sulfide 
associated with the Nain event include reaction zones around primitive 
intrusions (e.g. Kiglapait) and lenses of mafic magma within 
anorthosite diapirs.  The former comprise sulfides which have not 
achieved adequate “R Factors”, and have not been concentrated by flow 
to form economic deposits, while the small amounts of sulfide forming 
the latter setting have low R Factors, and are associated with mafic 
magma that is too fractionated to give rise to Ni-rich sulfide 
concentrations. 
 
A HISTORY OF OUR UNDERSTANDING OF MAGMATIC Ni-
Cu SULFIDE DEPOSITS  

NALDRETT, A.J., University of Toronto, Toronto, ON, M5S 
3B1, ajnaldrett@yahoo.com 

Progress in the understanding of the origins of magmatic Ni-Cu sulfide 
deposits underwent a major acceleration with the advent of the 1960’s.  
Prior to this decade, thinking had largely been influenced by 
observations on the Sudbury area, which was by far the dominant Ni 
producer.  Discussion focused on the nature of the Sudbury Igneous 
Complex (SIC), and whether the ores were gravitational segregates 
from the complex, or whether they had been introduced by hot aqueous 
fluids.  During the 1960’s, the concept that Sudbury was an astrobleme 
was first proposed, the discovery of the Talnakh ore junction elevated 
Noril’sk from minor to major status, and a new class of deposit related 
to komatiitic volcanism was recognized at Kambalda.  The 1960’s were 
also a turning point with respect to research funding, which led to an 
explosion in both the amount of research conducted, and in its global 
nature.  Thereafter, progress was stimulated by the new thinking about 
Sudbury, and the very different environments of ore deposition 
observed at Noril’sk and Kambalda.  It has turned out that a number of 
broad themes have evolved under which much of the progress over the 
past 40 years can be grouped.  These are:  (i) the realization that 
magmas rising directly from the mantle are unlikely to reach crustal 
depths saturated in sulfide, and that contamination with crustal rocks is 
required for sulfide immiscibility to occur early in the crystallization 
process;  (ii) with appropriate experimentally-derived partition 
coefficients, the relationship between the compositions of magma and 
sulfide can be modeled and this modeling provides important 
constraints on geologically-based hypotheses;  (iii) that the 
development of sulfide immiscibility frequently leaves a mark on the 
composition of the source magma and the rocks crystallizing from it 
that can act as a signpost for exploration;  (iv) that Sudbury is unique in 
that, probably because of the high degree of superheat that it 
experienced, sulfides have settled and accumulated over much of the 
base of the complex, while in most other deposits it has been the flow 
of magma carrying immiscible sulfides that has caused the sulfides to 
concentrate in economically exploitable proportions – the physical 
environment represented by a given part of an igneous body is therefore 
important when considering its potential;  (v) once concentrated, 
sulfide magmas cool and fractionate, and the fractionated residual 
liquid may migrate away from the initial site of crystallization to form 
rich concentrations of Cu, Pt, Pd and Au elsewhere.  Observations at 
Voisey’s Bay over the past 10 years have confirmed the importance of 
these five themes. 
 

CORRELATION AND PROVENANCE OF THE GRANJENO 
SCHIST AND COSOLTEPEC FORMATION, MEXICO:  
IMPLICATIONS FOR PALEOZOIC PALEOGEOGRAPHY  

NANCE, R.D., Department of Geological Sciences, 316 
Clippinger Laboratories, Ohio University, Athens, Ohio 45701, 
U.S.A., nance@ohio.edu, FERNANDEZ-SUÁREZ, J., 
Departamento de Petrología y Geoquímica, Universidad 
Complutense, 28040 Madrid, Spain, KEPPIE, J.D., Instituto de 
Geología, Universidad Nacional Autónoma de México, 04510 
México D.F., Mexico, STOREY, C., Department of Earth 
Sciences, The Open University, Walton Hall, Milton Keynes, 
MK7 6AA, United Kingdom, JEFFRIES, T.E., Department of 
Mineralogy, Natural History Museum, Cromwell Road, London, 
SW7 5BD, United Kingdom, and MURPHY, J.B., Department of 
Earth Sciences, St. Francis Xavier University, Antigonish, NS, 
B2G 2W5, Canada 

The Granjeno Schist and Cosoltepec Formation make up the most 
aerially extensive exposures of Paleozoic metasedimentary rocks in 
Mexico.  The former represents the oldest component of the Sierra 
Madre terrane in northeastern Mexico, whereas the latter is part of the 
Acatlán Complex, which forms the basement of the Mixteca terrane in 
southern Mexico.  Although widely separated, both assemblages 
comprise polydeformed, pelitic metasedimentary and 
metavolcaniclastic rocks that enclose lenses of mafic-ultramafic rocks, 
and both are tectonically juxtaposed against Grenville-age (ca. 1 Ga) 
granulites of the Oaxaquia terrane that are unconformably overlain by 
unmetamorphosed Lower Paleozoic strata containing fauna of 
Gondwanan provenance. 
LA-ICPMS U-Pb ages for detrital zircons from both assemblages 
support their correlation.  Age populations in the Granjeno Schist 
cluster in the ranges ca. 430-460 Ma, ca. 525-650 Ma and ca. 880-1375 
Ma, with slightly discordant older ages of ca. 1435 Ma, ca. 1640 Ma, 
ca. 2105 Ma and ca. 2730 Ma, whereas analyzed zircons from the 
Cosoltepec Formation cluster in the ranges ca. 455-470 Ma, ca. 500-
660 Ma and ca. 860-1340 Ma, with older ages of ca. 1675-1735 Ma, ca. 
1880 Ma, ca. 1990 Ma, ca. 2155 Ma and ca. 2725 Ma.  The youngest 
zircons give ages of 433±14 Ma (early Silurian) and 455±4 Ma (late 
Ordovician), respectively. 
These data show that the Granjeno Schist and Cosoltepec Formation: 
(i) have similar maximum depositional ages, (ii) were derived from 
provenances with closely matching age provinces, and (iii) record a 
peri-Amazonian rather than a peri-Laurentian paleogeography.  The 
provenance of the Mesoproterozoic detrital zircons is likely to have 
been the adjacent granulites of the Oaxaquia terrane, which have 
yielded ages of ca. 975-990 Ma, ca. 1000-1035 Ma and ca. 1100-1235 
Ma.  Detrital zircons of Neoproterozoic-Cambrian age suggest a 
provenance in the Maya terrane beneath the Yucatan Peninsula or the 
Brasiliano orogens of South America.  A source for the detrital zircons 
of Ordovician-Silurian age is present in the Acatlán Complex.  Coupled 
with the Early Paleozoic faunal affinity of the Oaxaquia terrane, these 
data are consistent with deposition of both assemblages on the southern 
(Gondwanan) margin of the Rheic Ocean. 
 
ENVIRONMENTAL AND PRODUCTION IMPLICATIONS OF 
INCREASED USE OF ORGANIC MATTER AMENDMENTS IN 
INTEGRATED FRUIT PRODUCTION  

NEILSEN, G.H.1, HOGUE, E.J.1, FORGE, T.2 and NEILSEN, 
D.1,  1 Agriculture and Agri-Food Canada, Pacific Agri-Food 
Research Centre, Summerland, BC, V0H 1Z0, Canada;  2 

Agriculture and Agri-Food Canada, Agassiz, BC, Canada, V0M 
1A0 

Integrated fruit production (IFP) emphasizes management practices 
which are environmentally sound in an effort to improve market 
acceptability of harvested fruit.  Increased use of organic amendments 
has been advocated as one method of reducing fertilizer and water 
applications and improving soil quality consistent with IFP-philosophy.  
A series of randomized, replicated experiments were established and 
monitored in several high density apple orchards in the irrigated fruit 
production area of southern interior British Columbia over the past 
decade.  Treatments under test included surface applications of various 
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composts, biosolids, mulches and combinations including application 
of a novel spray-on-mulch composed of residual waste newsprint. 
Data will be presented indicating the effect of the various treatments on 
nutrition, vigour and initial yield of newly planted apple trees and 
relative changes in soil chemical, physical and biological properties.  
Emphasis will be placed upon the implications of increased use of 
organic amendments on nitrogen and phosphorus fertilizer regimes, 
micronutrient and toxic element availability and the ability to buffer 
sandy-textured orchard soils against nutrient and water stresses.  Coarse 
textured soils, widely used for horticultural production in the region, 
are susceptible to acidification and the development of nutrient 
imbalances and drought stress.  Practical implications for effective use 
of organic amendments as a component of IFP will be highlighted. 
 
POTENTIAL INDICATORS OF SOIL QUALITY IN THE 
MARITIMES  

NESBITT, J.E., jnesbitt@dal.ca, and ADL, S.M., Dalhousie 
University, Halifax, NS, B3H 4R2 

Although conventional agriculture has increased yield in the short term, 
the intensification of agricultural inorganic input, including fertilizers 
and pesticides, may be detrimental to the sustainability of agriculture 
and the environment.  As an alternative, organic agriculture emphasizes 
the importance of soil biological activity as a means of growing higher 
yielding, pest free products.  This begs the question, are organic soils 
actually healthier than conventional soils?  Soil quality, defined by 
Doran and Parkin in 1994, is a concept that is used to evaluate soils 
fitness for function in managed systems.  There is a need for a soil 
quality index that would use a combination of biological, physical, and 
chemical indicators to qualitatively evaluate agroecosystems under 
differing management systems.  Using eleven standard indicators of 
soil quality, conventionally and organically managed potato fields in 
New Brunswick, Prince Edward Island, and Nova Scotia were 
compared over the 2004 growing season.  Although there were very 
few studies that served as soil quality indicator baselines in the 
Maritimes, benchmarks were used from studies of similar climates and 
management practices.  Mites (Acari), collembola, nematodes, testate 
amoebae, microbial biomass, cellulase assays, and ATP extraction 
served as bioindicators, while bulk density, soil moisture content, light 
fractionation, and pH served as the physical and chemical indicators.  
Preliminary analysis has shown no statistically significant difference 
between conventionally and organically managed potato fields.  Further 
sampling in a no-tillage organic potato field resulted in higher 
abundances of all soil biota.  To date, the oribatid mite communities 
have shown the no-till organic soil to be healthier than those of both the 
organic and conventional potato fields.  This suggests that the effects of 
chemicals on the state of nutrient cycling through decomposition may 
be less destructive than the physical disturbance of tillage.  Further 
studies using bioindicators of soil quality are needed to increase the 
baseline values used in soil quality indexing in the Maritimes, and for 
further investigation of tillage and no-till practices. 
 
COMPARISON OF TWO LARGE MASS TRANSPORT 
COMPLEXES ON THE NILE FAN AND IMPLICATIONS FOR 
FAN DEVELOPMENT  

NEWTON, C.S.1, cnewton@dal.ca, SHIPP, R.C.2, MOSHER, 
D.C.3, and WACH, G.D.1,  1 Dalhousie University, Halifax, NS, 
B3H 4J1;  2 Shell International E&P Inc., PO Box 481, Houston, 
TX, 77001;  3 Marine Geosciences, Geological Survey of Canada 
Atlantic, #1 Challenger Dr, Dartmouth, NS, B2Y 4A2 

Increased interest in deepwater sedimentation processes over the past 
two decades has revealed the ubiquity of slope failures on continental 
margins.  Slope failures appear to be a particularly critical process in 
the development of large deep water sedimentary fans.  A 7,000 km2 
3D and a regional 2D seismic grid of hydrocarbon seismic exploration 
data are used to assess two large Quaternary mass transport complexes 
(MTCs) forming part of the Nile Fan, offshore Egypt.  These two 
MTCs are analysed and compared to investigate processes involved in 
slope failures and fan progradation. 
The two MTCs examined are referred to as “blue” and “yellow”. 
Contrasts in seismic facies and seismic geomorphologies between the 

two MTCs reveal different depositional processes.  The blue MTC, 
with a run-out distance of 135 km, encompasses an area of 6,400 km², 
~6% of the Nile Fan, and ~ 400 km3 of sediment.  It was deposited as a 
series of debris flows originating near two large gas chimneys  and a 
normal fault exhibiting seafloor displacement.  The yellow MTC is 
deposited over an area of 3,000 km2, ~3% of the Nile Fan, with a 
sediment volume of ~240 km3 and a minimum run-out distance of 110 
km.  It was deposited as a cohesive slide; large cohesive blocks 
(generally up to 500 m by 300 m and up to 75 m thick), sometimes 
showing either compressional or extensional structures, are common as 
well as basal shear structures. The headwall scar region is occupied by 
a submarine canyon system, a trait observed in several other large 
MTCs on the Nile Fan.  The yellow MTC may have formed in response 
to high sedimentation rates and ground shaking due to seismicity. 
These two MTCs as case histories demonstrate the volumes of 
sediment involved and the spectrum of mass-failure sedimentary 
processes in the evolution of the Quaternary Nile Fan. 
 
CLASSIFYING AND NAMING VOLCANIC ROCKS  

NICHOLLS, J., Dept. Geology and Geophysics, University of 
Calgary, Calgary, AB, T2N 1N4, jim.nicholls@shaw.ca, and 
STOUT, M.Z., 318 Adams Crescent, Calgary, AB, T2J 0T6 

An ideal rock classification has names that carry information about 
how the rock formed; that is, the name applied to a particular rock 
conveys some information about the rock’s genesis.  Two kinds of 
classifications have been classically recognized: those that simply name 
the objects and those that imply a relationship between the objects in 
the classification.  Although the rock name should imply genetic 
information, the criteria used to identify the rock need to be objective; 
the criteria should be based on the mineralogy, chemistry, and texture 
of the rock.  These criteria are interpretable in terms of the physical-
chemistry of magmas.  Most of the traditional criteria used to identify 
rocks have genetic implications.  However, petrologists have pointedly 
ignored these implications when they selected the criteria for 
identifying rocks.  In fact, it has become a point of pride that their 
classification schemes have no genetic implications at all.  Actually it is 
impossible to achieve this state unless the criteria for identification are 
truly meaningless with regard to rock forming processes.  Rather, the 
objective criteria for naming rocks should be selected for the amount of 
information they carry about rock-forming processes and conditions.  
We propose a classification scheme that uses the independent factors: 
color index, level of silica activity; the ratios Al2O3 makes with CaO, 
Na2O, and K2O; and glass content.  None of these factors are new to 
classifying and naming volcanic rocks; petrologists have written and 
talked about them for years.  Our purpose is to explicitly state genetic 
implications one can draw from each of the factors. 
 
RIETVELD REFINEMENT OF LaB6:  DATA FROM :XRD  

NING, G. and FLEMMING, R.L., University of Western Ontario, 
London, ON, N6G 5B7, Canada, gning@uwo.ca 

The Rietveld method of crystal structure refinement was an important 
breakthrough, allowing crystal structural information to be obtained 
from powder data.  One remaining challenge is to collect Rietveld-
quality data for polycrystalline minerals in situ, using laboratory-based 
micro X-ray diffraction (:XRD) techniques.  We present a new data 
collection method called ‘Multiframes’, which produces high-quality 
data, suitable for Rietveld refinement, using the Bruker D8-
DISCOVER micro X-ray diffractometer.  We have used NIST SRM 
660 LaB B6 standard material (ground for one hour using an agate mortar 
and pestle), mounted as a standard flat mount on the XYZ stage.  The 
sample was analyzed in 2-2 Bragg–Brentano geometry (at 40 KV 
40mA), using a parallel beam of CuK" X-rays, having a beam diameter 
of 500 :m.  The data was collected using a two dimensional (2D) 
General Area Diffraction Detector System (GADDS), at a distance of 
approximately 15 cm from the sample.  This configuration yielded an 
effective step size of 0.035° 22.  91 GADDS frames were collected.  
Counting time was 150 min per frame.  The detector was moved 0.8° 
between frames.  For each of the 91 frames, the center 1° 22 was 
integrated to produce a one dimensional diffraction file (*.raw). Care 
was taken to integrate over a constant arc length (angle) of 34° chi for 
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all 91 frames.  The 91 diffraction files were merged (using a 
customized script file), to produce a single diffraction pattern ranging 
from 0.5° to 107.5° 22, having a maximum intensity of approximately 
14,000 counts. 
LaB6 crystal structure was refined using TOPAS2 (Bruker-AXS, 
Madison, WI), using a Pseudo-Voigt profile function.  Full occupancy 
was assumed for La and B. Isotropic thermal parameter was refined for 
La3+ (Biso = 0.641(3)).  However, the thermal parameter for Boron 
became negative, and was fixed at 0.1.  Unit cell parameter (ao) and 
atomic position of Boron (x) for LaBB6 were determined to be 4.1549(1) 
Å and 0.1991(9), respectively (Rwp = 4.26, Rbragg = 3.2).  The 
corresponding La-B bond length was calculated to be 3.0522 Å, 
according to the equation:  La-B = a*SQRT(x*x+0.5).  These results 
compare well with the neutron powder diffraction results of Booth et al. 
(2001, Phys. Rev. B 63, 224302) of ao = 4.1561 Å and x = 0.1995.  
Applying the above equation to Booth’s results, their La-B = 3.0535 Å.  
These encouraging results suggest that Rietveld-quality micro-X-ray 
diffraction data (:XRD) can be collected from the Bruker D8-
DISCOVER, provided that the diffraction conditions are selected 
carefully. 
 
SUBSURFACE THERMAL EFFECTS OF LAND-USE 
CHANGES  

NITOIU, D. and BELTRAMI, H., Environmental Sciences 
Research Centre, St. Francis Xavier University, 1 West Street, 
P.O. Box 5000, Antigonish, NS, Canada, B2G 2W5, 
hugo@stfx.ca 

The International Heat Flow Commission global geothermal data set 
contains several thousand borehole temperature logs world-wide.  Only 
about 10% of these data are currently used for climate studies because a 
number of known non-climatic energy perturbations are superimposed 
on the climatic signal. In this talk we present a first-order method to 
correct subsurface temperature data for the effects of one of these non-
climatic energy perturbations: deforestation.  We simulate the ground 
surface temperature changes following deforestation using a combined 
power-exponential function describing the organic matter decay and 
recovery of the forest floor after a clear-cut.  Application of this 
correction could allow many borehole data to be incorporated into the 
borehole climatology database and, at the same time, may allow land 
surface models to use geothermal data in regions of known land 
disruption, in order to optimize land-surface energy exchange 
parameterizations. 
 
INFLUENCE OF INSECTICIDES ON SOIL MICROBIAL 
BIOMASS AND MICRO-FAUNA POPULATIONS IN THE 
POTATO RIDGE ON SANDY LOAMS IN PRINCE EDWARD 
ISLAND  

NORONHA, C. and CARTER, M.R., carterm@agr,gc.ca, 
Agriculture and Agri-Food Canada, Research Centre, 440 
University Ave., Charlottetown, PE, C1A 4N6 

Application of pesticides in intensive potato (Solanum tuberosum L.) 
production systems may influence soil biological properties.  The effect 
of insecticide applications on soil microbial biomass and soil micro-
fauna, in the potato ridge, was examined in the potato phase of 3-year 
rotations at two sites in Prince Edward Island, over a two year period.  
At each site, the experiment consisted of an in-furrow insecticide 
application at planting (which served as a control) compared to 
multiple foliar insecticide applications.  Soil samples were obtained 
from the 0 to 8 cm soil depth of the potato ridge in the spring after 
planting, and in the fall before harvest.  Soil microbial biomass was 
determined using the fumigation direct extraction procedure, while 
micro-fauna (collembola and mites) populations were determined using 
a modified Tullgren extractor.  Results showed a significant decrease in 
collembola population following multiple foliar insecticide applications 
as compared to a single in-furrow application.  In the complete absence 
of insecticide use, or only one application, collembola populations were 
significantly higher than in the in-furrow treatment.  Comparison of 
spring and fall samples within each treatment showed, a significant 
decrease over the summer when multiple insecticides were applied, 
61% and 76%, at the two sites.  Mite populations, on the other hand, 

were not detrimentally affected by the use of multiple foliar insecticide 
applications, and populations were not significantly different in the two 
treatments.  Overall, mite populations were lower in the spring and 
increased over the summer.  Soil moisture levels had a negative impact 
on collembola populations; drought conditions experienced over the 
growing season in 2001, resulted in an overall decrease in collembola 
numbers; however mite populations were not as severely affected by 
lower soil moisture and increased over the summer.  Our results 
showed that microbial biomass decreased significantly when multiple 
foliar insecticide were applied as compared to a single in-furrow 
application.   Thus, multiple insecticide applications negatively impact 
collembola populations and microbial biomass, but mite populations 
are not as severely impacted. 
 
CANADIAN FOSSILS AND THE EVOLUTION OF LIFE IN 
CANADA  

NOWLAN, G.S., Geological Survey of Canada, 3303-33rd St. 
NW, Calgary, AB, T2L 2A7, gnowlan@NRCan.gc.ca 

This abstract introduces a chapter on fossils planned for a popular book 
on the geology of Canada.  The story of the evolution of life in Canada 
will be told through a chronology of some of Canada's best fossil 
localities, ranging from the earliest Precambrian through recent times.  
A simple classification system will be introduced to provide context for 
the wide diversity of organisms encountered in the evolution of life in 
Canada.  Icons that assist the reader in understanding geological time 
and paleogeography will be applied to each of the fossil localities 
featured in the chapter.  Appropriate applications of paleontology 
illustrated by particular localities will be emphasized.  In this way the 
reader will gain an appreciation of deep time, taxonomy, diversity in 
the form and size of fossils, extinction events, the detailed morphology 
preserved in fossils, as well as applications such as biostratigraphy, 
paleoecology and paleobiogeography. 
The story of early life in Canada will start with Archean and 
Paleoproterozoic stromatolites and microfossils of northern Ontario and 
Nunavut.  Later threads of Precambrian life will be traced through the 
Mesoproterozoic and early Neoproterozoic fossils of the Northwest 
Territories.  The crowning glory of the Precambrian story will be told 
through the magnificent and diverse Ediacaran fossils of eastern 
Newfoundland and Yukon. 
The history of Phanerozoic life will be traced through mircoscopic 
shelly fossils of early Cambrian age, the amazing diversity of fossils in 
the Burgess shale and giant trilobites from the Ordovician.  It will 
continue through Devonian fish of Miguasha, the Carboniferous fossil 
forests of Joggins and the dramatic Permo-Triassic extinction event.  
The giant ammonites of the Jurassic in western Canada and the 
remarkable Jurassic vertebrates of eastern Canada, lead into the well-
known story of the Cretaceous dinosaurs of western Canada.  Although 
the story will be told through well preserved macrofossil localities that 
provide the most stunning images of Canadian fossils, the importance 
of microfossils, such as conodonts, palynomorphs, and forams, in 
calibrating geological time and solving practical geological problems 
will also be emphasized for appropriate localities.  The last threads of 
the story are woven through the fossil forests of Eocene age, the 
Beringia faunas of Quaternary age and the arrival of humans. 
Readers will uncover the history of life in Canada, find out what fossils 
tell us about evolution, past environments and ancient geography and 
how they help us to find the resources that we use every day. 
 
CAUSES OF SOIL DEGRADATION AND THE EFFECT OF 
INDUSTRIAL AND HUMAN ACTIVITIES ON THE 
AVAILABILITY OF SOIL NUTRIENTS  

NWAISHI, F.C., UNAMBA, O.H. and OTI, N.N., Soil Science 
and Technology, The Federal University of Technology, Owerri 
Imo State, Nigeria, felixserial@yahoo.com 

Soil erosion is a natural phenomenon.  It has occurred over the millenia 
as part of geological processes and climate change. However, erosion is 
more severe now.  Globally, moderate to severe soil degradation affects 
almost 2,000 million hectares of arable and grazing land - an area larger 
than that of the United States and Mexico combined.  More than 55 
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percent of this damage is caused by water erosion and nearly 33 percent 
by wind erosion. 
Every year soil erosion and other forms of land degradation rob the 
world of 5 to 7 million hectares of farming land.  Every year 25,000 
million tonnes of topsoil are washed away.  China's Huang River alone 
dumps 1,600 million tonnes a year into the sea.  The United States has 
lost about one-third of its topsoil since settled agriculture began.  
Worldwide, soil erosion puts the livelihoods of nearly 1000 million 
people at risk. 
Impact of soil erosion 
1. Deforestation 
2. Steep land being cultivated down the slope 
3. Monocrops grown over large areas 
4. Landslide blocks road 
5. Fish catch reduced in shallow waters 
6. Siltation cuts hydroelectric plant's lifespan 
7. Gully erosion eats into crop land 
8. Mud banks reduce navigability of rivers 
9. Urban slums grow as rural population migrates to the city 
10. Bridges destroyed by floods 
11. Crops grown on large unprotected fields 
12. Wind erosion affects badly managed pasture 
13. Frequently flooded village is deserted 
What are the causes of soil degradation? 
Soil erosion mostly occurs when there is no vegetation to protect the 
soil from being washed or blown away.  Clearing forests, growing 
crops on steep slopes or on large fields without protection can all lead 
to erosion.  So can ploughing too deeply, failing to rotate crops, 
planting crops up and down hills rather than along their contours, or 
grazing too many animals on one piece of land.  Soil degradation in 
developing countries is closely linked to poverty, both personal and 
national.  Poor farmers, with no resources to fall back on, may be 
forced to put immediate needs before the long-term health of the land.  
Governments, under pressure from foreign debt, weak commodity 
prices and the needs of their urban populations, coupled with domestic 
policies that are biased against agriculture, often fail to give adequate 
support to rural people. 
Ways of Fighting Soil Erosion 
Gully erosion halted by check dams and trees planted on gully banks 
Steep land is bench-terraced 
Contour cultivation practiced on lower land 
Bunds are built to control surface runoff 
New reservoir supplies power to nearby villages 
Shelter belts reduce wind erosion, pastures are improved or upgraded 
Crop rotation practiced in strips along contours 
Tree crops grown on eyebrow terraces on steep land 
Forested slopes prevent siltation of reservoirs 
 
PRELIMINARY GEOCHRONOLOGICAL, GEOCHEMICAL 
AND ISOTOPIC STUDIES OF AURIFEROUS SYSTEMS IN 
THE BOTWOOD BASIN AND ENVIRONS, CENTRAL 
NEWFOUNDLAND  

O' DRISCOLL, J.M., f93jmod@mun.ca, and WILTON, D.H.C., 
Department of Earth Sciences, Memorial University of 
Newfoundland, St. John's, NL, A1A 3X5 

Gold exploration within the Botwood basin began in the late 1980’s 
and subsequently several styles of mineralization were recognized in 
the region including low-sulphidation epithermal and orogenic (or 
mesothermal) lode types.  More recently, the presence of possible 
Carlin and intrusion-related styles has been postulated.  In fact, the 
suggestion of, and evidence for, sedimentary-hosted, Carlin-type gold 
occurrences in the basin created a staking rush in central Newfoundland 
during 2002.  With the recognition of the basin as a possible host to a 
wide variety of gold occurrence types, it has become essential to fully 
understand the geological history of this area and the inter-relationships 
of the occurrence types.  The purpose of this project is to study and 
compare 20 gold occurrences from within the basin and surrounding 
lithologies.  A key question to be answered is whether regional 
intrusive suites (granitic to gabbroic) had anything to do with the ore-

forming systems, acting as heat sources driving ore fluids, or just as 
rheologically contrasting host lithologies. 
Preliminary conclusions from this study include:  (1) Geochronological 
data indicate a common ca. 430 Ma age for granite and gabbro 
plutonism in the Botwood Basin.  Zircon inheritance in the granitoids 
suggests that they were generated through crustal anatexis of lower 
crustal material by mantle-derived gabbroic melts.  There are different 
gabbroic intrusive suites in the basin as defined by whole-rock 
geochemistry.  (2) There are wide ranges in sulphur isotope ratios for 
sulphide mineral separates from different occurrences and the dominant 
control appears to be a lithological source of the sulphur, e.g. 
occurrences within deep marine sedimentary lithologies are negative in 
terms of *34S(‰), occurrences in proximity to intrusive suites are 
around 0‰, and occurrences in which S was derived from igneous 
rocks have ratios that are slightly to moderately positive in terms of 
*34S(‰).  (3) Trace element compositions of pyrite suggest that 
different auriferous deposit types have recognizable signatures and that 
pyrite from the Mustang and Bowater prospects resembles Carlin-type 
pyrite, pyrite from the Bruce Pond Epithermal Prospect resembles that 
from low-sulphidation epithermal types of occurrences and pyrite from 
orogenic lode gold occurrences are not notably enriched in a trace 
metal contents. 
 
A TECTONIC WINDOW OF THE ORDOVICIAN ROBERTS 
ARM GROUP(?) IN THE SILURIAN HINTERLAND OF 
CENTRAL NEWFOUNDLAND  

O’BRIEN, B.H., Geological Survey of Newfoundland and 
Labrador, Department of Natural Resources, P.O. Box 8700, St. 
John’s, NL, A1B 4J6, Canada, bhob@zeppo.geosurv.gov.nf.ca 

Exposures of chlorite- and quartz-bearing greenstones on Burnt Pond, 
outcropping southeast of the known volcanic rocks in the Ordovician 
Roberts Arm Group, are tectonically situated within the Silurian 
hinterland of the west-central Newfoundland Appalachians.  In this 
area, several metamorphic, structural and lithological constituents of a 
regionally northeast-directed D1 thrust stack are folded about a 
moderately northwest-plunging F2 antiform cored by the above unit of 
pillowed basalts and phyllitic breccias. 
Cordierite–biotite–actinolite schist makes up most of the thrust stack of 
Sops Head Complex rocks that structurally overlie the Burnt Pond 
Basalt.  D1 mylonite zones, schists with variably penetrative S1 
foliation, and right-side-up metasedimentary strata are preserved in D2 
low-strain zones.  Near the margins of steeply southwest-dipping D2 
shear zones, isoclinally folded granodioritic dykes and polymineralic 
quartz veins pass into sheared granodioritic stringers and podiform 
quartz lits in straightened D2 zones of sucrose hornfelsic schist.  The 
high-strain and low-strain D2 deformation zones on Burnt Pond are 
each occupied by posttectonic dykes and sills of isotropic granite.  
Some of these intrusions contain randomly-oriented xenoliths of 
amphibolite facies schist. 
The Burnt Pond Basalt may occupy a folded D1 thrust duplex, whose 
roof thrust places the massive volcanic rocks against incompetent 
porphyroblast-rich graphitic pelites.  Elsewhere in the Sops Head 
Complex, however, black sulphidic slates are known to be spatially 
associated with large rafts of slumped basalt.  Therefore, prior to 
regional deformation, the basalt sequence could have formed a partially 
broken formation or an outsized exotic block hosted by Sops Head 
turbidites.  Regardless, the Burnt Pond Basalt is now exposed in a 
tectonic window through, what is locally, the structurally highest and 
most regionally metamorphosed part of the Sops Head Complex. 
In conclusion, gneissose and schistose rocks within the lithotectonic 
assemblage underlying the Roberts Arm Group are located structurally 
above phyllitic turbidites and a discontinuous greenstone tract.  
Together, they locally comprise a metamorphically inverted sequence 
of stratified rocks that were crosscut, before and after regional 
deformation, by abundant mafic and felsic intrusions.  The Burnt Pond 
greenstones may have correlatives in the Crescent Hump tract of the 
Roberts Arm Group or, alternatively, in the Pennys Brook Formation of 
the Wild Bight Group.  Assignment of these volcanic rocks to the Notre 
Dame or Exploits subzones, therefore, remains equivocal. 
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APATITE FISSION TRACK THERMOCHRONOLOGY (AFTT) 
CONSTRAINTS ON THE CENOZOIC THERMAL HISTORY 
OF THE BOWSER AND SUSTUT BASINS, BRITISH 
COLUMBIA  

O’SULLIVAN, P.B.1, osullivan@apatite.com, OSADETZ, K.G.2, 
EVENCHICK, C.A.3, FERRI, F.4 and DONELICK, R.A.1,  1 

Apatite To Zircon, Inc. 1075 Matson Road, Viola, ID, 83872, 
USA;  2 Geological Survey of Canada: Calgary, 3303 33 St. NW, 
Calgary, AB, T2L 2A7;  3 Geological Survey of Canada: Pacific, 
101-605 Robson St., Vancouver, BC, V6B 5J3;  4 British 
Columbia Energy and Mines, PO Box 9323, 1810 Blanshard St., 
Victoria, BC, V8W 9N3 

The Bowser and Sustut basins are located in north-central British 
Columbia, in the Intermontane Belt of the Canadian Cordillera, a 
region of sedimentary diagenesis or low metamorphic grade relative to 
the adjacent Omineca and Coast metamorphic and plutonic belts.  The 
basins comprise three stratigraphic successions ranging from Middle 
Jurassic to latest Cretaceous.  All three successions have been deformed 
in the Skeena Fold Belt, a thin skinned contractional fold and thrust belt 
of Cretaceous and possibly early Tertiary age. 
Previous studies of exposed rocks within the northern Bowser Basin 
(pre-1990’s), found that the highest stratigraphic levels contained 
anthracite and semi-anthracite coals, which led many to suggest that the 
region held little petroleum prospectivety.  The Geological Survey of 
Canada and the British Columbia Ministry of Energy and Mines have 
recently undertaken a collaborative project within the Skeena Fold Belt 
and found evidence that previous thermal history models need to be re-
evaluated, including zones of relative immaturity based on new 
extensive bitumen and vitrinite reflectance data, and the discovery of 
oil seeps. 
To better understand the thermal history of the Bowser and Sustut 
basins, an apatite fission track thermochronology (AFTT) project was 
undertaken using samples collected from throughout the region during 
the 2002 field season.  Thirty-one samples from the ‘triangle zone’ 
along the eastern and northeast margins of the Bowser Basin and the 
southwestern margin of the Sustut Basin yield AFTT ages between 51 
and 23 Ma, with the majority of ages between 45 and 35 Ma.  Nine 
samples from a vertical profile through the Paleocene Motase Pluton 
(~60 Ma) within the Bowser Basin yield AFTT ages between 44 and 32 
Ma.  Finally, six samples from the region of the Groundhog coalfield 
within the Bowser Basin yield AFTT ages between 49 and 35 Ma. 
These results are interpreted to record rapid cooling (from temperatures 
=100-110°C) associated with km-scale denudation throughout the 
region during the middle Eocene to Oligocene.  There are two major 
implications of these interpretations:  1) major denudation occurred 
within the Skeena Fold Belt after the last known phase of contractional 
deformation (possibly early Tertiary?), suggesting that minor 
reactivation within the fold belt might have occurred more recently 
than previously documented, and  2) rocks presently at the surface 
within the basins were lying within the oil window and potentially 
generating hydrocarbons as recently as the Oligocene, after major 
structures formed within the Skeena Fold Belt during the early Tertiary. 
 
DOWNHOLE TRACE AND MAJOR ELEMENT 
CHEMOSTRATIGRAPHIC PATTERNS RELATING TO 
IGNEOUS FRACTIONATION PROCESSES IN THE GOLDEN 
MILE DOLERITE, WESTERN AUSTRALIA  

O'CONNOR-PARSONS, T., 070875o@acadiau.ca, and 
STANLEY, C.R., Department of Geology, Acadia University, 
Wolfville, NS, B4P 2R6 

The largest gold mine in Australia is the Fimiston Superpit, located in 
the Golden Mile Camp, Kalgoorlie, Western Australia.  This 
mesothermal gold mine is jointly owned by Barrick Gold Corp. and 
Newmont Mining Corp. through Kalgoorlie Consolidated Gold Mines.  
The main host to mineralization is the Golden Mile dolerite: a sill up to 
940 m thick.  Previous research has subdivided this intrusion into ten 
units based on mineralogy, primary igneous texture and iron/titanium 
oxide mode and morphology.  The area is structurally complex and 
boasts several deformational events.  Zones of intense hydrothermal 
alteration with concurrent obliteration of primary igneous textures are 

common.  These factors have made chemostratigraphic studies of the 
intrusion important for determining stratigraphic position within the sill 
during deep exploration drilling. 
Distinct downhole geochemical patterns in both major and trace 
elements using molar element ratios have constrained a set of igneous 
differentiation processes responsible for the mineral mode and textural 
diversity of the sill.  A major lithological discontinuity associated with 
the introduction of magnetite to the liquidus assemblage occurred at the 
base of Unit 6.  Differences in shapes of the Ti/Zr and V/Zr downhole 
patterns give insight into the chemical controls that influenced the 
distribution of these elements in the magma chamber.  V has a higher 
magnetite-melt partition coefficient than Ti.  The steeply-decaying 
V/Zr downhole pattern reflects the rapid depletion of V from the 
magma chamber as it strongly partitioned into the fractionating 
magnetite.  The ‘box’-shaped downhole depletion pattern observed for 
Ti/Zr is a consequence of the coupled substitution of Ti with ferrous 
iron in the magnetite-ulvospinel phase. 
Additionally, the downhole plots of base metals (Cu/Zr and Ni/Zr) 
exhibit enrichments that coincide with magnetite saturation.  However, 
detectable concentrations of these elements are not observed in 
magnetite.  They reside in anomalous concentrations of disseminated 
sulphide minerals (chalcopyrite and pyrite) in the magnetite-bearing 
portion of the sill.  The presence of these co-occurring sulphide 
minerals with magnetite likely resulted from liquid immiscibility of a 
sulphide melt triggered by the saturation of magnetite in the magma 
chamber. 
In summary, chemostratigraphic patterns observed in ratios tracking the 
material transfers of major elements and igneous minerals, and ratios 
responding to trace element partitioning of V, Ti, Cu and Ni into 
magnetite and an immiscible sulphide liquid, reveal new information 
about the igneous evolution of the Golden Mile dolerite.  These 
patterns facilitate confident recognition of stratigraphic level in deep 
exploration drill cores, despite subsequent hydrothermal alteration 
effects. 
 
EARLY CRETACEOUS VOLCANIC ERUPTIONS IN 
SOUTHEASTERN CANADA:  THE RECORD FROM LIGNITES 
OF THE CHASWOOD FORMATION OF NOVA SCOTIA  

OKWESE, A., ann.okwese@smu.ca, PE-PIPER, G., Saint Mary's 
University, Halifax, NS, B3H 3C3, and PIPER, D.J.W., 
Geological Survey of Canada (Atlantic), Bedford Institute of 
Oceanography, Dartmouth, NS, B2Y 4A2 

Early to mid Cretaceous volcanism was widespread on the Grand 
Banks, in the Orpheus graben, and is inferred in the Quebec - New 
England igneous province (now represented by stocks and dykes).  We 
have searched for evidence of ash from this volcanic activity in lignite 
from the Lower Cretaceous Chaswood Formation of the Elmsvale 
basin, central Nova Scotia.  The bulk mineralogy and geochemistry of 
lignite and lignitic mudstones has been determined by X-ray diffraction 
(XRD) and whole-rock geochemical analysis of ashed samples; in 
addition, selected samples have been examined by electron microprobe 
(EMP) and scanning electron microscope (SEM). 
Lignites from the middle member of the Chaswood Formation have 
several features indicating the presence of volcanic ash: distinctive 
REE patterns with low La/Nd ratio; high abundance of high-field 
strength elements such as Nb and Y; the presence of augite in EMP and 
XRD analyses; and rare presence of possible glass shards and euhedral 
quartz.  Wood or charcoal fragments appear mineralized and diagenetic 
talc is present.  Much of the terrigenous component of the lignites 
consists of background detrital sediment (characterised by detrital illite) 
and most of any ash component has been altered to kaolinite.  Bulk 
compositions of ash are inferred to be principally basaltic or dacitic, 
with rare felsic ash.  The alkalic character of the trace elements in the 
ash suggests correlation with the Quebec - New England igneous 
province, rather than with the more tholeiitic rocks of the Grand Banks 
margin.  Such a source is consistent with paleogeographic 
reconstructions that show a monsoonal climate with dominant winds 
from the SW. 
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CHEMICAL CHARACTERIZATION OF PHOSPHORUS 
DIFFUSION IN A MULTI-IONIC ENVIRONMENT  

OLATUYI, S.O., umolatuy@cc.umanitoba.ca, and AKINREMI, 
O.O., Department of Soil Science, University of Manitoba, 
Winnipeg, Canada, R3T 2N2 

The key strategy to making P more available in calcareous soils is to 
prevent its tie up by soil Ca either by excluding Ca from the reaction 
zone or by lowering the reaction zone pH, precluding Ca-P 
precipitation reactions.  Although, the effect of accompanying cation in 
P fertilizer on Ca-P precipitation had been established, not much 
information is available on the dual roles of accompanying cations and 
anions in the P fertilizer reaction in the soil.  The objectives of this 
study were to demonstrate the effect of cation exchange reactions and 
anionic competition on the pH distribution in a calcareous soil system, 
and the overall effect on the solubility and mobility of P and other ions 
of interest.  Column studies were conducted to investigate multi-ionic 
diffusive movement of phosphates from six different P fertilizer 
combinations.  Treatment combinations leading to greater solubility 
and mobility of P will be presented and discussed. 
 
THE LATE-OLIGOCENE TO EARLY-MIOCENE 
LAMPROPHYRE DYKES OF NORTHWESTERN MEXICO:  
ORIGIN WITHIN THE TRANSITIONAL TECTONO-
MAGMATIC STAGE FROM SUBDUCTION TO EXTENSION. 

OROZCO-GARZA, A.J.1, aorozcog@dal.ca, DOSTAL, J.2 and 
REYNOLDS, P.H.1,  1 Dept. of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4R2;  2 Dept. of Geology, St. 
Mary's University, Halifax, NS, B3H 3C3 

The lamprophyre dykes of northwestern Mexico (in the vicinity of 
Hermosillo, Sonora) form a NW-SE trending swarm which is about 3 
km wide and 8 km long and cuts the Tertiary Sonoran Batholith.  
Individual dykes vary in thickness from a few centimetres to several 
metres and are up to several hundred metres long.  There are two 
lamprophyre types: the more abundant hornblende 
(magnesiohastingsite)-phyric spessartite and the less common 
phlogopite-phyric kersantite.  In addition, they are characterized by the 
presence of high Al-Ti salic clinopyroxene.  In both types, feldspar is 
restricted to the groundmass.  The spessartites are mid- to high-K calc 
alkaline mafic to intermediate rocks with K2O/Na2O<1, while the 
kersantites have a shoshonitic affinity with K2O/Na2O>1 and higher 
contents of TiO2, P2O5, Ba, Zr and LREE than the spessartites.  Both 
rock types have negative epsilon Nd values and mantle-normalized 
incompatible trace element patterns showing negative Nb anomalies.  
Major and trace element data and Nd-Sr isotopic evidence indicate that 
the lamprophyric magma was derived from a subcontinental 
lithospheric mantle.  40Ar/39Ar dating of both spessartites and 
kersantites gives an age range from 26 to 18 Ma for the lamprophyre-
forming event.  This places the formation of the lamprophyres within 
the time of transition between the end of the subduction of the Farallon 
Plate beneath North America and the beginning of continental rifting 
and the formation of the Basin and Range Province, which lasted from 
about 12 to 30 Ma.  A modern analog for the formation of the Mid-
Tertiary lamprophyres of Sonora is the western portion of the Mexican 
Volcanic Belt (WMVB) where subduction of the Rivera Plate beneath 
North America and continental extension currently coexist, and where 
similar lamprophyres (minette, kersantite, spessartite) have been 
produced.  Lamprophyres have not been recognized anywhere else 
within the Mexican Volcanic Belt, thus showing that the interaction 
between subduction and extension is an important factor for producing 
these rocks.  It is probable that northwestern Mexico went through a 
stage similar to the current tectonic arrangement of the WMVB before 
shifting completely to a true continental rift and that the Tertiary 
Sonoran lamprophyres are the result of magmatic activity during the 
transition from a subduction to an extensional environment. 
 
TOWARDS A STATISTICALLY VALID METHOD FOR 
TEXTURAL SEA FLOOR CHARACTERIZATION FOR 
BENTHIC HABITAT MAPPING  

ORPIN, A.R., aorpin@nrcan.gc.ca, and KOSTYLEV, V.E., 
Geological Survey of Canada Atlantic, Natural Resources 

Canada, Bedford Institute of Oceanography, Dartmouth, NS, B2Y 
4A2 

The advent of multibeam bathymetric sonar technology and the 
development of benthic habitat research have spawned renewed interest 
in the systematic characterization and mapping of the seafloor.  This 
necessitates the application of reliable and accurate sea floor 
descriptors in combination with a robust means to statistically assess 
descriptor associations.  Traditionally, geoscientific sea floor mapping 
was comprised primarily of identifying the spatial extent and 
relationship of geological units, broadly following litho– or 
chronostratigraphic conventions.  Classifying seafloor sediments using 
geological facies may not be meaningful biologically because they 
incorporate temporal elements that stem from a geochronological 
qualifier.  Mapping of textural properties of geological facies is 
typically reliant on the application of distribution-dependent statistics, 
which have been shown to be inappropriate with multimodal marine 
sediments.  This problem is amplified on the glaciated Scotian shelf 
where small-scale patchiness occurs between widely ranging sediment 
sizes.  While the relationship between grain size and biota appears 
intuitively-evident, there is a compelling argument that granulometric 
properties alone are not a determinant of species distribution or 
community composition.  The classification of sediment textures is 
problematic because most statistical clustering techniques will, by their 
very nature, form clusters which may or may not represent meaningful 
and discernable differences.  Moreover, as habitat mapping is aimed at 
boundary definition, the boundaries between clusters in such cases 
could be arbitrary, or based on very subtle differences, or noise (e.g. 
sampling bias).  An independent measure of the appropriate number of 
groups in a dataset is required.  Therefore, we examine a statistical 
approach pioneered by Calinski & Harabasz (C-H), which was 
implemented by a computer routine to work in partnership with 
information entropy analysis of grain size data.  We utilize a 30-year 
legacy of grain size data collected from the Scotian Shelf, Canadian 
Atlantic continental margin, and show that considerable improvements 
in textural zonation are obtained using a combination of entropy-
clustering and C-H technique.  The statistical validity of the clustering 
outcomes is tested at each step of the classification and the effects of 
data reduction (simplification) are examined for modern high-
resolution laser-derived grain size data.  This approach provides a more 
robust classification of sea floor texture and appears more appropriate 
for comparison to benthic zonations. 
 
IMPROVING POOR-QUALITY SEISMIC DATA 
STRUCTURAL INTERPRETATION USING VARIANCE CUBE:  
EL-FEEL FIELD CASE HISTORY  

OWAINA, F.O., HADLOOL, A. and SELLMI, R.M., 
Geophysicis Dept., Agip Oil Company Ltd., Tripoli, Libya, 
resalami@hotmail.com 

The contribution of horizontal slice of 3D seismic volumes is well 
developed in the structural interpretation task.  In the same manner, the 
implementation of variance cube provided a powerful tool for 
subsurface faults and fracture zone detection.  It is known that picking 
of a fault on succession of time slices constitutes an easy approach to 
fault plane mapping, but that is in case of good quality seismic data.  
Even though, the normal procedure of interpretation work may still 
inconvenient for poor quality seismic data, whereas automated software 
cannot make suitable judgments.  Thus, faults mapping was always one 
of the critical issues of uncertainties in all previous seismic 
interpretations of El-Feel Field. 
The current work is describing a specific procedure for interpreting 
poor quality seismic data by implementing the variance cube horizontal 
slices together with the normal seismic vertical sections.  The paper 
also summarizes the results of the applied procedure on El-Feel Field 
dataset, Murzuk Basin, Libya. 
Generally, the procedure utilized the lineament identification 
methodology of satellite images by detection of every lineament 
measurement on successively independent normal seismic and variance 
cube horizontal slices, and then distinguishing the genuinity of the 
superimposed lineament from all studied slices on vertical seismic 
sections before making the judgment of fault picking. 
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El-Feel Field is located in the western side of block NC-174 some 800 
km to the South of Tripoli.  The structuring is mostly related to the 
Hercynian compressional movement and the dominant orientation of 
the subsurface fault system trend in the Basin is between N/NW-S/SE.  
In addition to the main fault mapping of El-feel Field, more than 70 
minor faults were mapped as results of the followed procedure.  Most 
of the minor faults orientation is representing two conjugate systems of 
the NW-SE and its perpendicular direction.  Most of these faults are of 
small vertical throw and some of them demonstrate lateral deformation 
in the field area.  The interpreted faults represent two dominant 
directions almost perpendicular to each; and representing a conjugate 
system of second order shear zone, which is coinciding with the studied 
and published tectonic history of the field and describing the field 
geometry, and furthermore, it provided an interpretation possibility to 
explain the deeper oil contact at one of the field wells. 
 
MINERAL CHEMISTRY OF POTASSIUM-RICH VOLCANIC 
ROCKS FROM CENTRAL-SOUTHERN ITALY:  
IMPLICATIONS FOR CRYSTALLIZATION CONDITIONS 
AND MAGMA GENESIS  

OWEN, J.P. and BELL, K., Ottawa-Carleton Geoscience Centre, 
Department of Earth Sciences, Carleton University, 1125 Colonel 
By Drive, Ottawa, ON, K1S 5B6, jenowen@lycos.com 

Plio-Pleistocene to Recent volcanic rocks from central-southern Italy 
can be divided into a highly potassic series (HKS), represented by 
strongly silica-undersaturated leucitite, tephrite, and phonotephrite, and 
a silica-saturated potassic series (KS) composed of olivine basalt, 
shoshonite, and latite.  Previous geochemical work has shown that the 
two series cannot be related by simple crystal fractionation processes, 
and instead suggest distinct mantle source regions characterized by 
different degrees of enrichment in potassium and other large ion 
lithophile elements (LILE).  New mineral chemistry data from the 
volcanic centres of Roccamonfina and Ernici provides evidence that the 
HKS source may be deeper and hotter than the KS source.  Diopside 
phenocrysts in the HKS samples show a large excess of Al2O3 at the 
expense of SiO2.  Aluminum contents reach a maximum of 0.584 apfu 
(13.01 wt% Al2O3), and can increase or decrease from core to rim.  The 
maximum difference in Al3+ between core and rim in a single crystal is 
0.087 apfu (2.04 wt% Al2O3) to 0.393 apfu (9.07 wt% Al2O3).  
Aluminum-rich clinopyroxene, formerly known as fassaite (now 
referred to as ferrian aluminian diopside), is produced by coupled Al-Al 
substitution into the T and M1 sites.  Entrance of Alvi into the M1 site is 
favoured by high pressure, and entrance of Aliv into the T site is 
favoured by high temperature.  Phlogopite from the HKS series at 
Roccamonfina and Ernici also shows appreciable substitution of Al for 
(Mg,Fe) balanced by Al for Si in the tetrahedral site.  Further evidence 
of high temperature conditions is provided by the strong enrichment of 
F (5-6 wt%) and high Mg/Fe (~4) ratios in phlogopite from the HKS 
series.  The greater pressure and temperature for the HKS source 
region, as indicated by both the clinopyroxene and mica chemistry, has 
important implications for the metasomatic history of the Italian upper 
mantle.  Previous work has suggested that hydrous fluids or silicate 
melts derived from the dehydration of a subducting slab beneath the 
Italian peninsula are responsible for the LILE-enrichment of the KS 
and HKS sources.  The very high LILE concentrations in HKS rocks 
compared to the KS rocks may be due to greater interaction of the slab-
derived fluids/melts with the deeper HKS source region, or even 
metasomatism related to mantle plume activity. 
 
LIFE BEFORE AND AFTER GLASS ST.:  
CHARACTERIZATION OF HUMPHREYS' GLASS (C. 1890-
1920) AND ITS DISTINCTION FROM OTHER TRENTON 
(NOVA SCOTIA) WARES  

OWEN, J.V., Dept. of Geology, Saint Mary's University, Halifax, 
NS, B3H 3C3, victor.owen@smu.ca, DOSTAL, J., Dept. of 
Geology, Saint Mary's University, Halifax, NS, B3H 3C3, 
HUMPHREYS, L., Box 492, 25 High St., Trenton, NS, BOK 
1XO, ORR, B., Moncton Museum, 20 Mountain Road, Moncton, 
NB, E1C 2J8, and POWELL, S., Nova Scotia Museum, 1747 
Summer St., Halifax, NS, B3H 3A6 

The phrase “Nova Scotia glass” is virtually synonymous with pressed 
glass tableware, but large numbers of lamp chimneys, bottles, and other 
glass objects were manufactured in Trenton between c. 1881 and c. 
1917.  Three glassworks (Nova Scotia Glass Co. [NSGCo], Lamont 
Glass Co. [LGCo] and Humphreys Glass Co.[HGCo]) were established 
on Glass St., Trenton, but the latter company had previously operated 
nearby on High St., and during WWI moved to Moncton, N.B.  The 
Glass St. site is disturbed, so artifacts cannot readily be assigned to any 
one of the neighbouring glassworks.  On the basis of contemporary 
advertisements, however, most Trenton pressed glass tableware is 
attributed to the NSGCo, but some specific patterns of pressed glass 
have been assigned to both Lamont and Humphreys.  However, alleged 
LGCo and HGCo tableware have compositions that fall within the 
range of pattern glass long attributed to the NSGCo.  In contrast, 
Humphreys produced different compositions of soda-lime glass on 
High St. and in Moncton.  High St. samples have bimodal soda/lime 
ratios; one grouping has Na2O/CaO ratios near unity, less than half that 
of the other (2.5-4.3).  Humphreys also produced sodic glass 
(Na2O/CaO = 3.1-4.6) in Moncton, but used different proportions of 
decolourants and fluxes than they did on High St.  Thus, the Moncton 
glass plots in a distinct field on an As2O5/MnO versus Na2O/K2O 
diagram.  All Moncton samples and about half of the High St. sherds 
are magnesian (0.8-4.0% MgO), but this component is found in only a 
few pattern glass sherds from Glass St.  It is not a signature of 
Humphreys' glass, however, because a marked Humphreys bottle from 
Glass St. is Mg-poor.  In contrast to suspected NSGCo pressed glass 
and marked green Lamont bottles, colourless Lamont bottles display 
distinct, positive Eu anomalies on chondrite-normalized plots.  This 
feature, together with differences in the concentrations in decolourants, 
fluxes, and other components in Humphreys’ glass, provides an 
objective means of distinguishing some of the products of the various 
Trenton glassworks and their successors. 
 
USING RADAR ALTIMETER-DERIVED DEMS TO IDENTIFY 
LANDFORMS, PALEO ICE-FLOW, AND MINERAL 
DISPERSAL TRAINS  

OZYER, C.A., caozyer@uwo.ca, HICOCK, S.R., Department of 
Earth Sciences, University of Western Ontario, London, ON, 
N6A 5B8, and PAZNER, M., Department of Geography, 
University of Western Ontario, London, ON, N6A 5B8 

Reconstructing paleo ice-movement history in remote locations is often 
costly but necessary for drift prospecting. Digital elevation models 
(DEMs) can be used to reduce costs while improving the accuracy of 
ice-movement history.  Satellite reflectance images, airphotos, and 
fieldwork alone are often not enough to correctly interpret landforms 
and paleo ice-flow.  Data collected from recent airborne geophysical 
surveys include radar altimeter information that, in conjunction with 
GPS information, can be used to create DEMs as well as images of the 
elevation data and its derivatives.  GPS collects the xy data, while radar 
collects the z data.  In many cases altimeter DEMs provide better 
precision and accuracy than DEMs created from topographic maps.  
While Lidar DEMs are particularly useful for identifying hidden 
landforms in areas with vegetation cover, radar altimeter data is equally 
suitable in non-vegetated terrain. 
Air photos provide good resolution for identifying glacial landforms, 
however, large-scale landforms may not be apparent on individual 
photos.  Standard non-stereo satellite images give a good overview of 
large areas, but do not provide elevation data, whereas altimeter DEMs 
can provide large scale elevation data.  Large-scale glacial landforms 
such as moraines, flutes, crag and tail features, and eskers can be seen 
on altimeter DEMs.  In some cases, till lineations can be identified that 
exhibit penultimate ice-flow directions.  In many cases the aerial extent 
of dispersal trains from crag and tails can be seen.  Furthermore, paleo 
drainage channels, outwash plains, and former shorelines are 
commonly visible. 
Together, air photo/satellite interpretation, ground truthing, and 
altimeter DEMs aid in reconstructing detailed ice-movement histories 
over a larger scale than traditional methods.  Glacial histories revealed 
by altimeter DEMs can enhance mineral exploration by helping to 
identify erosional and depositional landforms, and to interpret results of 
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drift prospecting programs, making the latter more efficient and cost 
effective. 
 
WIND EROSION INDICATOR  

PADBURY, G.A., Agriculture and Agri-Food Canada, 
Saskatoon, SK, S7N 5A8, padburyg@agr.gc.ca, and ROSTAD, 
H.W.P., 308 Munroe Ave, Saskatoon, SK, S7N 1J9 

The Risk of Wind Erosion Indicator was developed to assess the risk of 
wind erosion on cultivated agricultural lands as a result of changes in 
farming practices.  It has been applied to the agricultural regions of 
Manitoba, Saskatchewan, Alberta and the Peace River area of British 
Columbia where the risk of wind erosion is of greatest concern.  The 
risk is expressed in five relative classes: very low, low, moderate, high, 
and very high.  From 1981 to 2001, the risk of wind erosion in the 
Prairie region declined by about 40% to the point where over 90% of 
the arable land is now in the very low to low wind erosion risk 
classes,and only 3% is in the high to very high risk classes, down from 
6% in 1981.  Predictably this decline is attributable to higher residue 
levels resulting from the combined effects of a 50% decrease in the 
amount of summer fallow, a doubling of the forage area, and a 
significant increase in the use of reduced tillage, which has more than 
offset the increased production of low residue pulse and oilseed crops 
at the expense of cereals. 
 
DO MISSISSIPPI VALLEY-TYPE DEPOSITS FORM IN 
EXTENSIONAL ENVIRONMENTS?  

PARADIS, S., Geological Survey of Canada, 9860 West Saanich 
Road, Sidney, BC, V8L 4B2, suparadi@nrcan.gc.ca 

Mississippi Valley-type (MVT) deposits are epigenetic, stratabound, 
carbonate-hosted sulphide bodies composed predominantly of zinc and 
lead, bound in sphalerite and galena.  MVT deposits are important 
resources for Zn and Pb, accounting for 60% of the world's reserves of 
these elements.  In addition to Zn and Pb, other economic commodities 
include Ag, barite and fluorite.  Major Canadian past-producers include 
Pine Point, Polaris, Nanisivik, Gays River and Daniel’s Harbour.  The 
mineralization occurs as open-space fillings of breccias and fractures, 
and/or as replacement of the host dolostone.  Less commonly, sulphide 
and gangue minerals occupy primary carbonate porosity.  MVT 
deposits occur in intracratonic and epicratonic rifts, within carbonate 
platforms.  They are restricted to rocks younger than two billion years 
and formed during discrete periods mostly in the Phanerozoic. 
Recent advances in understanding large-scale fluid flow in the crust 
and in sedimentary basins have established that most MVT mineral 
districts are the product of regional- or subcontinental-scale 
hydrological movements.  The deposits were formed by warm saline 
aqueous solutions similar to oil field brines that have migrated through 
sedimentary basins through aquifers in platform-carbonate sequences 
toward the basin peripheries.   To effect this movement, one of the most 
popular models relates ore-fluid migration to compressive tectonic 
regimes associated to continental accretion.  The formation of some 
deposits, however cannot be attributed to convergent orogenic 
processes, but are most likely the result of extensional tectonic events.  
Possible deposits falling in this category are those of the Lennard Shelf 
district of Australia, the Alpine district of Europe and North Africa, and 
the Nanisivik district of Canada.  If extensional settings are viable 
environments for the formation of MVT deposits, then fluid-drive 
mechanisms related to these environments need to be understood.  
Recognition of extensional environments for the formation of MVT 
deposits is important and opens new exploration areas in Canada and 
elsewhere in the world. 
 
DEFORMATION, VEIN EMPLACEMENT AND VOLCANIC 
ENVIRONMENT OF MINERALIZATION AT MCLELLAN 
MINE, LYNN LAKE GREENSTONE BELT, MANITOBA  

PARK, A.F., apark@unb.ca, LENTZ, D.R., University of New 
Brunswick, Fredericton, NB, E3B 5A3, and BEAUMONT-
SMITH, C., Manitoba Geological Survey, 360-1395 Ellice 
Avenue, Winnipeg, Manitoba, R3G 3P2 

Detailed structural analysis of the Agassiz Metallotect in the MacLellan 
Mine area of the Lynn Lake greenstone belt, northern Manitoba, 
demonstrates that the distribution of the metallotect stratigraphy is a 
function of D2 transposition, producing hybrid tectonites lacking 
primary lithological characteristics.  Locally, D2 low strain domains 
preserve a coherent stratigraphy.  The structural geometry of the 
metallotect is the result of intense non-coaxial D1 to D2 deformation, 
which produced isoclinal to rootless F2 folds having a dominant Z-
asymmetry, and strongly curvilinear hinge-lines.  The overall F2 fold 
geometry is a shallow plunging sheath, which overprinted shallow 
dipping isoclinal F1 folds.  The emplacement of gold mineralization and 
associated alteration appears to be lithologically sensitive, with less 
competent lithologies favoured.  Alteration and related development of 
veins occurred several times during the polyphase deformation history, 
with pre-D2 carbonate veins, and syndepositional silicification as the 
earliest phases.  Quartz vein emplacement is largely a syn- to late-D2 
feature.  Subsequent vein emplacement occurred largely during D4 and 
synchronous with post-D4 faults. 
Relics of the primary stratigraphy permit elucidation of primary 
volcanic environment in the Agassiz Metallotect, and explain some 
unusual features of the McLellan gold mineralization, especially the 
presence of copper and zinc mineralization.  The heterolithic mafic 
volcanic breccia unit that characterizes the outcrop of much of the 
Agassiz Metallotect in this area, including the host rocks of the 
McLellan mine veins, contains many features consistent with it being a 
massive landslide on the flanks of a mafic to andesitic volcanic edifice.  
Alteration in clasts within this debris-flow deposit is consistent with the 
existence of volcanigenic massive sulphide units within the original 
volcanic edifice.  Vein-hosted gold mineralization following early 
deformation carries a fingerprint derived from this material dispersed 
within the debris flow deposit. 
 
EARLY CARBONIFEROUS DEFORMATION OF 
TOURNAISIAN ROCKS ON THE SOUTHERN MARGIN OF 
THE MONCTON SUB-BASIN, SE NEW BRUNSWICK  

PARK, A.F.1, apark@unb.ca, ST. PETER, C.2 and WILSON, P.1,  
1 University of New Brunswick, Fredericton, NB, E3B 5A3;  2 NB 
Department of Natural Resources, Geological Surveys Branch, 
PO Box 6000, Fredericton, NB, E3B 5H1 

In the Hillsborough area of SE New Brunswick three formations in the 
Carboniferous Horton (Albert Formation) and Sussex groups (Weldon 
and Round Hill Formations) contain features consistent with 
deformation characterized by bedding-parallel movement.  These 
include minor folds, often with box profiles, minor folds with 
curvilinear hinge lines, small thrust faults, bedding-parallel high strain 
zones, and vein arrays representing detachments.  Deformation is 
characterized by two sets of folds with overprinting relationships.  F1 
folds are related to the bedding-parallel motion, taking the form of 
hanging and footwall structures on thrusts, recumbent folds with 
sheared limbs and chevron fold trains with hinge collapse.  F2 folds 
overprint these features and fold the high strain zones.  Kinematic 
analysis of the F1 folds and high strain zones reveals consistent top to 
the south movement.  F2 refolding, on structures that plunge SW 
implies a transpressional regime with dextral strike-slip component. 
The occurrence of folds in Tournaisian rocks predating the 
unconformity below the Visean Windsor Group has been known for 
some time.  Evidence presented here shows that the unconformity 
beneath the latest Tournaisian-early Visean Hillsborough Formation 
truncates both F1 and F2 folds.  A more constrained timing hinges on 
an interpretation of the Peck Creek felsite, emplaced into wet sediment 
along a thrust fault in the Round Hill Formation.  Recrystallized quartz 
textures are characteristic of plastic deformation at elevated 
temperatures.  If the correlation of this intrusion with the Boyd Creek 
Tuff (a unit in the upper Weldon Formation) is correct, then this 
deformation occurred while the upper part of the Weldon Formation 
was being deposited. 
This early fold-thrust belt has been identified from Saint Joseph in the 
NE to Rosevale in the SW.  Suitable lithologies in the Albert, Round 
Hill and Weldon Formations may have formed structural traps at this 
time, beneath the unconformity below the Hillsborough Formation.  
Evidence from the Hillsborough area suggests hydrocarbon migration 
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from the Albert Formation oil shales occurred substantially later in the 
upper Carboniferous (Westphalian).  This Tournaisian fold-thrust belt 
may be an important component of the SE New Brunswick 
hydrocarbon play. 
 
U-Pb LA-MC-ICP-MS DATING OF DETRITAL ZIRCONS IN A 
TIMISKAMING-TYPE SEDIMENTARY UNIT AT ISLAND 
LAKE, MANITOBA:  IMPLICATIONS FOR BASIN 
DEVELOPMENT AND TECTONICS IN THE SUPERIOR 
PROVINCE  

PARKS, J., jeparks@sciborg.uwaterloo.ca, LIN, S., University of 
Waterloo, Waterloo, ON, N2L 3G1, SIMONETTI, A. and 
HEAMAN, L., University of Alberta, Edmonton, AB, T6G 2E3 

The Island Lake greenstone belt is located in the Northwestern Superior 
Province, in northeast Manitoba.  It consists of volcanic, plutonic and 
sedimentary assemblages ranging in age from 2.9 to 2.7 Ga.  The 
youngest sedimentary unit in the greenstone belt, the Island Lake 
Group, is a Timiskaming-type sedimentary unit that consists of 
sandstone, conglomerate and turbiditic rocks.  This group sits 
unconformably on older volcanic assemblages in the belt.  The 
youngest detrital zircon in the unit, and the age of a cross cutting 
intrusion, constrain deposition of this group to a maximum age of ca. 
2712 Ma and a minimum age of ca. 2699 Ma.  Timiskaming-type units 
are common in Archean greenstone belts, and are often spatially 
associated with gold mineralization.  As well, the basins these 
sediments are deposited in are often thought to be a product of late 
deformation.  Understanding how these basins were developed has 
important tectonic, as well as economic implications and is a topic of 
current debate. 
To help address these questions, a detrital zircon study of this group 
was conducted using the Nu Instruments LA-MC-ICP-MS system at 
the University of Alberta.  This instrument allows for fast and efficient 
collection of detrital zircon ages, with each isotopic analysis taking ~30 
seconds using a spot size of 40 microns.  Approximately 400 detrital 
zircons have been analyzed to date for this study.  Preliminary results 
indicate that the age of the source detritus changes from the base to the 
top of the Island Lake Group.  A sandstone layer in a turbidite sequence 
near the base of the sequence shows a strong influence of detrital 
material that has a range of 207Pb/206Pb ages from 2.80 to 2.90 Ga.  In 
contrast, a sandstone layer from a turbidite that is close to the top of the 
group shows a strong influence of detrital material that has a range of 
207Pb/206Pb ages from 2.71 Ga to 2.76 Ga, with a marked peak at 2.75 
Ga, and only a very small influence from material with ages from 2.80 
Ga to 2.90 Ga.  These data indicate that the areas being sourced for 
detritus was changing up sequence in the Island Lake Group, and may 
have important implications for the tectonic evolution of this 
greenstone belt, and other belts with similar Timiskaming-type 
sedimentary units. 
 
MINERALS ARE NOT JUST CHEMICAL COMPOUNDS  

PARSONS, I., Grant Institute of Earth Sciences, University of 
Edinburgh, King's Building, West Mains Road, Edinburgh, EH9 
3JW, UK, ian.parsons@ed.ac.uk, and LEE, M., Division of Earth 
Sciences, University of Glasgow, Lilybank Gardens, Glasgow, 
G12 8QQ, UK, m.lee@earthsci.gla.ac.uk 

Chemical properties of minerals, such as diffusion coefficients and 
dissolution rates, are often measured using a small subset of the mineral 
world, so-called 'gem quality' crystals.  Extrapolating their properties to 
the real world of 'garden quality' crystals has to be done with care, 
particularly with respect to the defect inventory of ordinary grains.  
Few 'gem' alkali feldspars are devoid of microtexture and some have 
strange and disturbing properties.  The defect inventory of ordinary 
alkali feldspars changes continuously during igneous cooling and 
defines geochemical behaviour such as isotopic exchange.  Defects are 
particularly important in reactions close to equilibrium in confined 
spaces during diagenesis and soil formation. 
 
ENVIRONMENTAL LEGACY OF HISTORICAL GOLD 
MINING ACTIVITIES IN NOVA SCOTIA  

PARSONS, M.B., Geological Survey of Canada (Atlantic), PO 
Box 1006, Dartmouth, NS, B2Y 4A2, 
Michael.Parsons@NRCan.gc.ca, SMITH, P.K., GOODWIN, 
T.A., Nova Scotia Department of Natural Resources, PO Box 
698, Halifax, NS, B3J 2T9, HALL, G.E.M., SANGSTER, A.L., 
and PERCIVAL, J.B., Geological Survey of Canada, 601 Booth 
Street, Ottawa, ON, K1A 0E8 

Historical stamp milling and mercury amalgamation activities at lode 
gold mines in southern Nova Scotia have generated tailings deposits 
containing Hg, As, and other potentially toxic elements.  From 1861 to 
the mid-1940s, gold was produced from 64 mining districts in the 
southern part of the province.  Most of the gold was recovered using 
mercury amalgamation, and an estimated 10–25% of the Hg used was 
lost to the tailings and to the atmosphere.  In addition to Hg added 
during amalgamation, toxic metal(oid)s (primarily As) also occur 
naturally in the ore, and may exist at high concentrations in the mine 
wastes.  The present study is a multi-disciplinary, multi-partner 
investigation of the dispersion, transformation, and fate of metals and 
metalloids in freshwater and marine environments surrounding 
abandoned gold mines in Nova Scotia.  In 2003 and 2004, samples of 
tailings, soil, till, rock, sediment, water, and/or vegetation were 
collected at 15 past-producing mines.  Chemical analyses of 520 
tailings and sediment samples show high concentrations of Hg (<5 
:g/kg to 350 mg/kg), as well as other potentially toxic elements (e.g. 
As, 9 mg/kg to 31 wt.%).  The highest Hg concentrations are found 
near mill structures, reflecting Hg loss during amalgamation and 
retorting.  Droplets of elemental mercury and particles of amalgam 
have been observed in the tailings at several locations; however, 
mercury may also exist in various secondary phases, or may be sorbed 
to mineral surfaces and/or organic material.  Water chemistry data 
indicate that the dissolved concentrations of As are very high at some 
locations (range: 0.2–6600 :g/L; median 100 :g/L; n = 122), as 
compared to background values of generally <25 :g/L.  Dissolved Hg 
levels range from 1 to 60 ng/L, and show a significant positive 
correlation with dissolved organic carbon at most sites.  In general, the 
dissolved Hg concentrations in surface waters are relatively low (i.e. 
<20 ng/L) even in close proximity to tailings with high (i.e. >1000 
:g/kg) levels of Hg, suggesting that most of the Hg is present in 
relatively insoluble forms.  Ongoing studies are characterizing the 
background levels, seasonal variability, speciation, mobility, and 
bioaccumulation of metal(loid)s in both freshwater and marine systems.  
A wide variety of methods are being employed, including sequential 
extractions, biological sampling (fish, frogs, clams, invertebrates, 
mice), and sediment/water toxicity testing.  Results from this project 
will be used to assess the potential risks associated with these sites, and 
will support better informed land-management decisions. 
 
NEW APPROACHES TO GEOLOGICAL INTERPRETATION 
OF MAGNETIC DATA:  A CASE EXAMPLE FROM THE 
MINGAN REGION, GRENVILLE PROVINCE, QUÉBEC  

PARSONS, S.M., INRS-ETE, 490 rue de la Couronne, Québec 
City, Québec, G1K 9A9, shparson@nrcan.gc.ca, NADEAU, L., 
Geological Survey of Canada, Québec City, KEATING, P. and 
CHUNG, C-J., Geological Survey of Canada, Ottawa 

This study presents new approaches for the geological interpretation of 
magnetic data through empirical and statistical analysis of a total field 
aeromagnetic survey acquired over the Mingan Region, Quebec.  
Highly valuable treatment and interpretation techniques are presented 
along with some of the limitations and pitfalls associated with their use.  
This is supported by, theoretical data modeling to determine potential 
causes of discrepancies. 
Various derivatives and transformations of the total field magnetic data 
are empirically evaluated by photo-interpretation in a Geographic 
Information System.  Correlations are made between magnetic 
anomalies, and lithologies and rock body contacts on the geology map.  
We show that, lithologies are best represented using the total field and 
vertical derivative of the magnetic data, whereas rock body contacts are 
best evaluated using the horizontal derivative and the analytic signal.  
The analytic signal is also used to determine magnetic dip directions, 
which correlate with the direction of dip of finite geological bodies. 
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Statistical analyses provide a quantitative correlation between 
lithological data and magnetic response.  Analyses were conducted 
using an empirical likelihood ratio model, generating a predictive 
image of the geology based on the total field magnetic input layer.  
Correlation of the predictive image with the field geology indicates 
that, while there is a similarity in unit patterns, there is no direct 
proportional correlation between the two data sets. These discrepancies 
are explained through theoretical data modeling. 
Modeling is used to determine how the intensity of a magnetic anomaly 
varies with changing parameters, such as depth, width, and thickness.  
In general, the total field magnetic response decreases with increasing 
depth and decreasing width/thickness.  In addition, the depth 
experiment illustrates the effect that dipping units have on the magnetic 
response.  We show how the intensity of the magnetic signal is much 
less affected by steeply dipping units then by shallowly dipping units.  
This, for example, accounts for significant offsets between the 
magnetic signal and dipping geological units in the Mingan Region, 
Quebec. 
In conclusion, empirical analyses show that various transformations 
and derived products, generated from the total field aeromagnetic 
survey, help to enhance and reveal many important geological features.  
However, the statistical analyses and theoretical data modeling results 
show how easily discrepancies can occur between mapped geological 
units and magnetic response.  Therefore, understanding why these 
discrepancies occur is of chief importance for the full interpretation of 
aeromagnetic data, allowing for a much more effective use of the data 
set in geological mapping. 
 
PRODUCTION OF SECOND-GENERATION GEOLOGICAL 
MAPS THROUGH ANALYSIS OF MULTI-SOURCE DATA IN 
A GIS ENVIRONMENT:  AN EXAMPLE FROM THE 
GRENVILLE PROVINCE, QUÉBEC  

PARSONS, S.M.1, shparson@nrcan.gc.ca, NADEAU, L.2 and 
MALO, M.1,  1 INRS-ETE, 490 rue de la Couronne, Québec City, 
Quebec, G1K 9A9;  2 Geological Survey of Canada, Québec City 

The decrease in easily accessible/unexplored territories coupled with 
the increase in costs of field mapping creates a growing need to 
progress toward modern and innovative mapping techniques.  In 
parallel, the recent surge in the availability of multi-source geoscience 
data allows data sets to become increasingly larger and tough to 
manage.  Geographic Information System (GIS) platforms provide 
powerful tools to integrate, analyse and interpret data sets of diverse 
nature to produce new predictive maps, and to update aging geological 
map sets. 
This study presents the various approaches and limitations surrounding 
the preparation of second- generation geological maps, through 
empirical and mathematical analysis of geoscience data in a GIS 
environment.  The large amount of available remotely sensed data in 
the Mingan region (NTS 12L) and the area’s wide range of lithologies 
and complex regional structure render it an ideal area for a 
comprehensive GIS-based study of the geology. 
Integrated datasets include: i) geological maps (some >50 years old) 
containing lithological and structural data, ii) aeromagnetic and 
radiometric data, iii) Landsat TM-7 and Radarsat-1 satellite imagery, 
iv) air photographs and, v) 2D and 2.5D topographic elevation models.  
Techniques and approaches developed in this study are applied to the 
evaluation and interpretation of these data sets.  Ultimately, correlation 
models between analytic signals and geological units are elaborated for 
each. 
Correlations are achieved by superposing or combining bands of 
images.  Our evaluation of the different treatment methods shows, for 
example, that the radiometric flight line data are much more effective at 
defining boundaries between the geological domains than are the 
contoured map data.  Treatment of the aeromagnetic data shows that 
certain transformations are more effective at differentiating lithologies, 
while others are more effective for mapping contacts.  Evaluation of the 
radar digital elevation model indicates that variations in topography 
correlate with different lithologies. Finally, satellite data are generally 
more effective for use in structural interpretation. 

Aeromagnetic data modeling and geostatistical analyses permit to 
identify limitations and deficiencies associated with this type of 
integration study and help to define ways in which these may be 
overcome.  As illustrated in this study, the full integration and analysis 
of existing geoscience data on a GIS platform is the number one step 
required prior to undertaking future targeted geological field mapping.  
Finally, this study shows the paramount importance of the geologist 
input at all stages in the decision making process leading to more 
precise geological maps with greater predictive potential. 
 
PHYSICAL CONTAMINATION OF SIERRAN MAGMA 
CHAMBERS BY STOPING  

PATERSON, S.R., PIGNOTTA, G.S., University of Southern 
California, Department of Earth Sciences, Los Angeles, CA, 
90089, USA, ZAK, J., Charles University, Department of 
Geology and Paleontology, Prague, 12843, Czech Republic, and 
ERDMANN, S., Dalhousie University, Department of Earth 
Sciences, Halifax, NS, B3H 3J5, Canada 

Trapped stoped blocks, stepped, unfaulted discordant margins, and 
missing host rock all indicate that stoping is a widespread process 
during emplacement of plutons in the Sierra Nevada.  In the largely 
granodioritic Mitchell Peak (3-4 kbar), Jackass Lakes (3 kbar), and 
Tuolumne (2-3 kbar) plutons numerous stoped blocks are preserved 
allowing us to examine the formation and behavior of these blocks.  
Host rock or older intrusive phases are initially broken into blocks 
during the intrusion of melt by focused porous flow and simultaneous 
growth of dikes along fractures.  Many fractures/dikes form at high 
angles resulting in rectangular to square blocks, but formation of 
triangular fragments near corners of large blocks is also common. 
A scattering of smaller blocks sometimes occurs around larger blocks 
or in situ rafts suggesting that once blocks are separated from in situ 
host, they continue to disintegrate by continued fracturing and magma 
injection.  Sizes of these blocks vary between 10s meters and ~ 1 cm, 
smaller fragments are rare to absent.  The presence of anisotropy 
(compositional layering and foliations define one of the dominant block 
surfaces; other surfaces follow zones of weakness such as layer 
discordant leucosomes, boudin necks, as well as shear and cleavage 
planes) plays an important role as does strain in controlling block 
fracturing.  In a few cases we can show that fracturing continues down 
to grain scales resulting in the addition of foreign minerals (xenocrysts) 
to the magma. 
Except for pelites, blocks show little signs of melting.  Most contacts 
between blocks and magmatic rocks are sharp: only few contacts are 
slightly gradational (gradation on a cm-scale).  Blocks are sometimes 
rimmed by plutonic rock unlike most of the surrounding matrix.  Some 
of these may indicate chemical interaction, but most are thought to 
reflect early, fractionated magmas injected along cracks and then 
frozen to the block.  The above observations indicate that stoping will 
physically contaminate and thermally affect Sierran magmas but that 
wholesale melting of blocks at the exposed crustal levels is uncommon.  
Our observations also indicate that earlier plutonic phases can be 
recycled into younger phases by stoping and disintegration. 
 
ÉTUDE PÉTROLOGIQUE, GÉOCHIMIQUE ET 
MÉTALLOGÉNIQUE DE LA SYÉNITE DE DUPARQUET, 
FAILLE DE PORCUPINE-DESTOR, SOUS-PROVINCE DE 
L’ABITIBI  

PATRY, S.1, simon.patry@science.uottawa.ca, LEGAULT, M.2 
et LALONDE, A.E.1,  1 Université d'Ottawa, rue Nicholas, 
Ottawa, ON, K1N 6N5;  2 Ministère des Ressources naturelles, de 
la Faune et des Parcs du Québec, avenue Québec, Rouyn-
Noranda, QC, J9X 6R1 

Nous documentons la pétrologie, minéralogie et géochimie du 
complexe syénitique de Duparquet daté à 2682±1 Ma et situé 
approximativement à 40 km au nord-ouest de Rouyn-Noranda dans la 
Sous-Province de l’Abitibi.  Le complexe se présente sous la forme 
d’une petite intrusion allongée d’environ 4 km de longueur par 500 m 
de largeur, d’orientation est-ouest et qui se situe tout juste au nord de la 
Faille de Porcupine-Destor.  Quatre anciens gisements aurifères se 
retrouvent à l’intérieur ou en périphérie des roches du complexe. 
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Nos levés de terrain indiquent trois principaux faciès texturaux;  1) le 
faciès porphyrique à mésastase brune (faciès de Beattie), 2) le faciès à 
lattes, caractérisé par de petites lattes d’albite et 3) le faciès 
gloméroporphyrique, caractérisé par de gros amas de cristaux de 
felspath séricitisé.  D’autres faciès secondaires sont aussi présents dont 
le faciès Donchester avec des mégacristaux de feldspaths noirs.  Tous 
ces faciès possèdent une forte proportion de phénocristaux, souvent 
idiomorphes, de feldspath alcalin et tous ont également été soumis à un 
hydrothermalisme prononcé.  Une déformation cataclastique tardive 
définie par de nombreuses fractures séricitisées ou de petites zones de 
bréchification chloritisées affectent aussi les unités.  Dans les gisements 
du complexe, l’or est toujours associé à la pyrite, soit en remplissage 
dans les fractures, en remplacement ou en inclusions globulaires.  Une 
étude pétrographique préliminaire des échantillons prélevés nous 
indique que, dans la majorité des cas, les mégacristaux de feldspath 
sont maintenant de l’albite et que les roches sont effectivement 
devenues des albitites par une altération hydrothermale sodique.  Nous 
observons aussi une importante séricitisation, surtout associée à une 
déformation cataclastique, ainsi qu’une hématisation et une 
carbonatation pénétratives.  Dans presque tous les cas, les minéraux 
mafiques primaires ont été complètement remplacés.  Nous croyons 
que l’origine du complexe est associée à des mouvements soutenus le 
long de la faille majeure de Porcupine-Destor qui ont provoqués une 
extension localisée et un amincissement de la croûte, suivit d’un 
soulèvement du manteau.  La fusion partielle de la croûte inférieure et 
la perte de gaz carbonique libéré du manteau ainsi soulevé seraient à 
l’origine du magmatisme alcalin et de la période soutenue de 
carbonatation.  Une fois la période d’extension terminée, une phase 
fluide riche en CO2 aurait transporté l’or des niveaux profonds lors 
d’un soulèvement régional, pour ensuite l’acheminer vers la partie 
étroite supérieure de la zone cisaillée. 
 
GLOBAL CARBON COMBUSTION, TRANSPORTATION, AND 
THE END OF CHEAP OIL  

PATTERSON, J., Environmental Geoscience Programme, 
Concordia University, 1455 de Maisonneuve Blvd. W., Montreal, 
QC, H3G 1M8, patj@alcor.concordia.ca, and PERL, A., Dept. of 
Political Science, University of Calgary, Calgary, AB, T2N 1N4 

The atmospheric concentration of CO2 has increased more than one-
third from the time of the Industrial Revolution to the present.  
Emission regulations on greenhouse gases have to date failed to have 
any teeth  -  global carbon combustion and atmospheric global carbon 
dioxide concentrations have continued to grow.  From the time of the 
first Earth Summit, CO2 has steadily increased, from 325 ppmv in 1972 
to 377 ppmv in 2003.  It is seventeen years since the Toronto 
Conference on Climate Change, thirteen years since the Rio Earth 
Summit, and eight years since the development of the Kyoto Protocol, 
and still the rate of increase of CO2 shows no diminution.  Over the 
same period, global consumption of fossil carbon fuels, particularly 
petroleum, has continued the same pattern of increase.  Analysis of 
global petroleum reserves, first undertaken by M. King Hubbard, and 
revised by Campbell and Laherrère in 1998, indicate that the peak of 
production of conventional, inexpensive petroleum will be within the 
next 10 years. 
Transportation accounts for approximately one-third of global CO2 
emissions, and these are dominantly from refined petroleum products.  
Aviation is 100% dependent upon liquid fuel, and no substitute for this 
is in sight.  Similarly, road transportation is heavily dependent upon 
liquid petroleum products, with a very minor contribution from 
electricity and hydrogen fuels at the present time.  Transition times for 
new technologies are typically in the order of 10 to 15 years, and 
therefore will probably not be in place before the peak of production of 
cheap, conventional oil is reached.  Oil from non-conventional sources 
(e.g., oil sands) is expensive, and will not replace cheap oil.  Only rail 
has the capability to switch to electrical power relatively quickly.  The 
“end of cheap oil” therefore may be able to accomplish what all policy 
attempts have been unable to do.  What may ultimately halt the increase 
in anthropogenically driven increases in CO2 is the decline in 
availability of cheap petroleum. 
 

UTILIZING REMOTE SENSING INFORMATION TO 
AUGMENT THE MAPPING OF SURFICIAL SEDIMENTS IN 
THE NORTHERN BOREAL PLAIN OF ALBERTA  

PAULEN, R.C., roger.paulen@gov.ab.ca, MEI, S. and FENTON, 
M.M., Alberta Geological Survey, Alberta Energy and Utilities 
Board, 4999 – 98 Ave., Edmonton, AB, T6B 2X3 

The Northern Boreal Forest Plain is characterized by low-relief 
topography where Quaternary deposits are the surface materials which 
form the local landforms over virtually all of northern Alberta.  
Bedrock, which controls the broad elements of the physiography, rarely 
crops out.  For the most part, the surficial materials and present-day 
landforms are a result of the last glacial event during the Late 
Wisconsin (25-10 ka BP). 
Surficial mapping survey intensity levels (ground-truthing methods) in 
large portions of northern Alberta are constrained by limited ground 
access.  Aerial photograph interpretation in combination of 
discontinuous ground-truthing becomes the main approach to surficial 
mapping in the Northern Boreal Plain.  To aid in this process for such a 
large inaccessible area, the Alberta Geological Survey (AGS) acquired 
other remote sensing data including RADARSAT-1, Shuttle RADAR 
Topography Mission (SRTM) DEM, Landsat and Indian Remote 
Sensing (IRS) images to support surficial mapping. 
The RADARSAT-1 images acquired by AGS are from different 
incidence angles and look directions.  Therefore, moisture and surface 
topographic information can be extracted by applying algorithms that 
contrast differences caused by different look angles and look directions.  
The processed RADARSAT-1 images contain information of surface 
morphology, moisture and land cover type and thus, are useful in 
surficial geological mapping and complementary to optical satellite 
images including Landsat and IRS images.  Image processing is 
performed by combining the various images to highlight peatlands and 
geomorphological features, the latter caused by glacial movement, 
glaciofluvial, eolian and fluvial processes.  This information provides 
an additional level of confidence to the air photo interpretation 
conducted in regions with little or no ground access and also provides a 
regional perspective on large scale surface morphological elements 
(e.g. ice flow patterns) which might be overlooked in individual aerial 
photographs. Lastly, these images provide up to date information on 
newer roads, pipelines, logging activity and well site construction 
which greatly assists in the planning and execution of fieldwork. 
 
SURFICIAL GEOLOGY OF THE BISTCHO LAKE MAP AREA 
(NTS 84M)  

PAULEN, R.C.1, roger.paulen@gov.ab.ca, PLOUFFE, A.2, 
SMITH, I.R.2, KOWALCHUK, C.3, WARD, B.C.3, TARPLEE, 
M.4, FENTON, M.M.1, PAWLOWICZ, J.P.1 and PETERSON, 
R.5,  1 Alberta Geological Survey, Alberta Energy and Utilities 
Board, 4999 – 98 Ave., Edmonton, AB, T6B 2X3;  2 Geological 
Survey of Canada;  3 Department of Earth Sciences, Simon Fraser 
University;  4 Department of Geography, Queen Mary, University 
of London;  5 Department of Earth and Atmospheric Sciences, 
University of Alberta 

During the summer of 2004, the Alberta Geological Survey (AGS) and 
the Geological Survey of Canada (GSC) completed the surficial 
mapping of the Bistcho Lake map area (NTS 84M).  This was the 
second year of a four-year collaborative, multi-disciplinary project 
created under the GSC’s Northern Resource Development Program 
(NRD Project 4450) with additional support from the Federal-
Provincial Targeted Geoscience Initiative (TGI-2). 
The study area is situated in the very northwest corner of Alberta, and 
physiographically is characterized by the Cameron Hills Uplands in the 
north, and the Fort Nelson Lowlands along the southern margin.  
Uplands in the northern half of the study area are characterized by 
extensive peatlands, underlain by shallow discontinuous permafrost.  
Regions with active thermokarst are distinguished by polygonal 
patterned ground, irregular ground surfaces and a characteristic 
patterning of ponds.  Permafrost in this region appears to be extremely 
susceptible to ground disturbance and melting.  Lowlands in the 
southeast are characterized by flat topography and expansive fens 
developed over glacial Lake Hay sediment.  Much of the study area is 
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draped by a thick blanket of clay-rich, clast-poor till.  In the northeast, 
this is overlain by stony carbonate-rich till. Several bedrock outcrops 
were discovered in the region where previous bedrock topography and 
drift thickness maps had suggested thick (<250 m) drift cover.  Shales 
of the upper Fort St. John Group (Shaftesbury Formation, Lower to 
Upper Cretaceous) outcrop north of the hamlet of Zama City and form 
a bedrock high which divides the drainage between the Hay and Petitot 
rivers. 
Field observations and interpretation of prominently fluted terrain 
visible on satellite imagery indicate that the Laurentide Ice Sheet 
initially flowed west and then southwest across the region.  During 
deglaciation, thinning ice became increasingly topographically 
controlled, as indicated by a dense network of ribbed moraines on top 
and west of Bootis hill that record an ice lobe wrapping around the 
north side of Cameron Hills.  A second ice lobe retreated east and 
northeastward down the Hay River valley.  In the Fort Nelson Lowland 
to the south, retreating ice impounded the regional drainage, resulting 
in the formation of glacial Lake Hay.  A thin veneer of glaciolacustrine 
sediments was deposited along the northern margin of the glacial lake.  
Iceberg scours and a thin deposit of diamicton (interpreted to be a till) 
overlying contorted glacial lake sediments indicate that ice readvanced 
briefly into the glacial lake basin during the latter stages of 
deglaciation. 
 
INTERIOR COLLISIONAL OROGENESIS RELATED TO 
SUPERCONTINENT ASSEMBLY:  THE CA. 1.9-1.5 GA 
TECTONIC HISTORY OF THE WESTERN CHURCHILL 
PROVINCE 

PEHRSSON, S., BERMAN, R.G., RAINBIRD, R., DAVIS, W., 
SKULSKI, T., SANBORN-BARRIE, M., MARTEL, E., 
CORRIGAN, D. and TELLA, S., Continental Geoscience 
Division, Geological Survey of Canada, 601 Booth Street, 
Ottawa, ON, K1A 0E8, pehrsson@nrcan.gc.ca 

The western Churchill province of the Canadian Shield formed the core 
of the growing Nuna supercontinent in the Paleoproterozoic.  Owing to 
its situation in this upper plate setting for over 300 Ma, western 
Churchill was reworked during at least 5 accretionary orogenic events.  
The earliest recorded event involved creation of the Talston - Thelon 
magmatic (TTMZ) and accretion of the Slave craton to the western Rae 
domain by 1.92 Ga.  Steep subduction of oceanic lithosphere explains 
the relatively narrow continental margin arc on the Rae, the narrow 
foreland/foredeep succession, and little evidence of widespread Rae 
tectonothermal reworking inboard of the TTMZ.  In the interval 1.92-
1.89 Ga, several smaller microcontinents (Meta Incognita, Hearne, and 
Hudson domains) were accreted to the southeastern margin (present co-
ordinates) of the Rae during initial stages of closure of the Manikewan 
ocean.  The resulting 1000 km long orogen is now exposed as a 
coherent Barrovian-facies fold-thrust belt and a regional block that 
experienced ca.1.9 Ga, high pressure (10-18 kbar) 
tectonometamorphism.  Contemporaneous formation of lower crustal 
mafic complexes, and rapid exhumation and cooling may relate to slab-
breakoff.  Accretion of the exotic Sask craton during final stages of 
Manikewan closure produced widespread reworking of the Churchill, 
characterized by regional low-moderate pressure metamorphism, 
development of north-west vergent fold thrust belts, and deposition of 
subaerial syn-collisional basins of the lower Dubawnt Supergroup.  The 
eastern margin of the Queen Maud block, beyond which there is little 
present evidence for ca. 1.82 northwest-vergent structures, maybe a 
‘THO front’ and the westward limit of related reworking.   
Collision of the Superior province by ca. 1.81 Ga generated northwest-
vergent folds and ultimately northeast-trending transpressive structures 
as the western promonitory of the Superior impinged the southern 
Churchill margin.  Late-stage indentation of the Rae by the Slave 
Province caused uplift and erosion of the western Rae and deposition of 
the middle Dubawnt Supergroup (1780-1720 Ma) in syn-collisional rift 
basins.  The end of major orogenic reworking culminated in post-
tectonic deposition of upper Dubawnt Supergroup cratonic sheet 
sandstones between 1.7 and 1.5 Ga. 
 

BIO-PIPELINE NETWORKS IN THE ENHANCEMENT OF 
FLUID FLOW IN BIOTURBATED RESERVOIR  

PEMBERTON, S.G., GINGRAS, M.K. and MENDOZA, C.A., 
Department of Earth and Atmospheric Sciences University of 
Alberta, Edmonton, AB, george.pembberton@ualberta.ca 

In the past, trace fossil research in hydrocarbon reservoir rocks was 
almost always confined to exploration geology, however, recent 
research is showing that ichnology has significant applications in 
production geology.  Current research indicates that substrate-
controlled ichnofossil assemblages can enhance the permeability and 
vertical transmissivity of a relatively impermeable matrix.  
Permeability enhancement develops when burrows into a firm ground 
are filled with sediment from the overlying strata.  If the lithology 
contrasts with the encapsulating firm-ground substrate, anisotropic 
porosity and permeability is developed.  The same concept can be 
applied to carbonate reservoirs, where the burrows are subjected to 
different diagenetic phases.  This again results in anisotropic 
permeability that can have dramatic effects on reserve calculations.  If 
the burrows have enhanced permeability, reserve calculations will be 
too low.  Likewise, if the burrows have lowered permeability, the 
reserve calculations may be too high.  Understanding the flow 
dynamics of the anisotropic permeability provides a potentially 
powerful reservoir development tool.  The implications of such 
understanding are far reaching, particularly pertaining to calculations of 
reserves and deliverability.  Permeability enhancement in bioturbated 
media has been recognized in five interrelated scenarios: 1) Surface-
constrained textural heterogeneities; 2) Non-constrained textural 
heterogeneities; 3) Weakly defined textural heterogeneities; 4) 
Diagenetic textural heterogeneities; and 5) Cryptic bioturbation.  Each 
of these flow-media types is further examined for its impact on flow 
tortuosity and overall reservoir heterogeneity.  This is done by 
numerically modeling capillary transport in conjunction with detailed 
models of pore-throat distribution. 
 
YOUR VISION - MY HANDS:  RE-CREATING THE 
GEOLOGICAL PAST THROUGH ILLUSTRATION  

PENNANEN, J.O., 44 Queensbury Drive, Quispamsis, NB, E2E 
4W3, pennanen@nbnet.nb.ca 

The trained eye of the geoscientist and the trained hand of an artist can 
join forces to take fossil specimens from bare rock to colourful and 
dynamic images.  Presentation of fossils without visual interpretation 
will leave most viewers wondering how palaeontologists envisage a 
living creature from crusty bones and traces in a rock.  Displayed fossil 
specimens, as extraordinary as they might be to the trained eye, cannot 
on their own tell enough of the story for the general public to envision 
their place in time.  It is even more challenging for museum visitors to 
make the visual leap from rock outcrop to an ancient environment such 
as a braided river.  This presentation is designed to help geoscientists 
choose an illustrator to be their hands, show how to prepare technical 
information for best results, and advise on ways to avoid pitfalls in the 
vision-to-hands process.  To illustrate the process, we will follow the 
stages of development of five paintings in an Atlantic Geoscience 
Society/Canadian Geological Foundation-funded project to re-create 
landscapes and life from Nova Scotia’s Late Triassic-Early Jurassic 
Fundy Basin. 
 
ELECTRON MICROPROBE GEOCHRONOLOGY OF 
DETRITAL MONAZITE FROM THE LOWER CRETACEOUS 
OF THE SCOTIAN BASIN AND THE CHASWOOD 
FORMATION  

PE-PIPER, G., Saint Mary's University, Halifax, NS, B3H 3C3, 
gpiper@smu.ca, and MACKAY, R.M., Dalhousie University, 
Halifax, NS, B3H 4J1 

Detrital petrology of sandstones of the Lower Cretaceous Chaswood 
Formation onshore Nova Scotia and New Brunswick and from the 
Missisauga and Logan Canyon formations of the Scotian basin was 
studied to understand sediment dispersal patterns, syn-sedimentary 
tectonic uplift, and paleogeography.  Electron-microprobe 
geochronology on sparse detrital monazite grains complements 
classical petrographic work.  Laboratory accuracy is conservatively 
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estimated to be 5%.  After removing grains showing Th or U mobility 
and single analyses that were extreme outliers, 401 analyses of 75 
monazite grains were interpreted. 
In the Chaswood Formation, 98 analyses from Vinegar Hill gave a 
unimodal distribution of 426 ± 15.3 Ma.  In the Elmsvale basin, the 
distribution of 102 analyses was bimodal, with 433 ± 4.2 Ma and 468 ± 
7.1 Ma for the base and 448 ± 8.9 Ma and 498 ± 7.3 Ma for the top of 
the formation.  Only 38 analyses from Diogenes Brook showed a 
trimodal distribution of 439 ± 8.2 Ma, 480 ± 8.6 Ma and 543±14.5 Ma. 
At Brierly Brook, 49 analyses gave a mean age of 495 ± 14 Ma, with 2 
outlying grains with 614 ± 15 Ma and 723 ± 13.5 Ma.  At Belmont, 
most grains were altered, but one grain gave an apparently reliable age 
of 527 ± 8.9 Ma.  In offshore wells from the Scotian basin, one grain 
from the MicMac Formation yielded an age of 1201 ± 1.8 Ma.  Five 
grains from the Missisauga Formation clustered around 499 ± 10.5 Ma, 
with one grain 628 ± 22.6 Ma.  Five grains (40 analyses) from the 
Logan Canyon Formation gave an age of 504 ± 9 Ma, two grains 
clustered at 1051 ± 30 Ma and two at 1879 ± 40 Ma. 
Monazite and other detrital petrographic data suggest three principal 
sources to the Lower Cretaceous sands.  The ancestral St Lawrence 
river drained a hinterland that included Taconic ophiolites and 
metamorphic rocks and Proterozoic rocks of the Shield, with principal 
coarse sediment supply from western Newfoundland, uplifted as a 
result of Cretaceous rifting of the North Atlantic.  An ancestral Saint 
John River was supplied with metamorphic detritus of Silurian age.  
Between these two rivers was a third river system that lacked a Shield 
source and received principally Taconic metamorphic detritus, with 
lesser amounts of Silurian age. 
 
DETRITAL PETROLOGY, PROVENANCE AND SEDIMENT 
DISPERSION IN THE LOWER CRETACEOUS MISSISAUGA 
AND LOGAN CANYON FORMATIONS AND CORRELATIVE 
ONSHORE ROCKS, SCOTIAN BASIN  

PE-PIPER, G., Saint Mary's University, Halifax, NS, B3H 3C3, 
gpiper@smu.ca, and PIPER, D.J.W., Geological Survey of 
Canada (Atlantic), Bedford Institute of Oceanography, 
Dartmouth, NS, B2Y 4A2 

Detrital petrology of sandstones from the Lower Cretaceous Missisauga 
and Logan Canyon formations of the Scotian basin and correlative 
sandstones and conglomerates of the Chaswood Formation onshore 
Nova Scotia and New Brunswick was studied to understand sediment 
dispersal patterns, syn-sedimentary tectonic uplift, and paleogeography.  
Gravel petrology and heavy minerals of the Chaswood Formation 
indicate two types of source:  (1) A texturally and petrographically 
mature source in the metamorphic rocks of the northern Appalachians, 
with Taconic and Silurian monazite ages and abundant staurolite.  (2) A 
contribution of texturally and petrographically immature more local 
detritus, which varies with geographic setting.  At West Indian Road 
pit, it is principally from the Cobequid Highlands and Horton Group 
sandstones; at Brierly Brook from the Antigonish Highlands; and at 
Vinegar Hill from southern New Brunswick. 
In the Sable sub-basin, sandstones have higher feldspar contents than in 
the Chaswood Formation and the feldspars show systematic 
compositional differences between the Missisauga and Logan Canyon 
formations.  Heavy minerals are quite different from those of the 
Chaswood Formation.  They include chromite, probably derived from 
ophiolites of the inboard Humber terrane of the northern Appalachians; 
different types of garnet; more abundant biotite; more sodic muscovite; 
and the metamorphic minerals paragonite and chloritoid.  Monazite 
ages are principally Taconic, with some Proterozoic ages.  Mineral 
assemblages in wells from the western Scotian basin differ from those 
of the Sable sub-basin and are more like those of the Chaswood 
Formation.  Feldspar is rare and most heavy minerals are resistant 
polycyclic minerals of the type found in the Chaswood Formation.  
Monazite ages are similar to those in the Chaswood Formation. 
Detrital petrographic data suggest three principal sources to the Lower 
Cretaceous sands.  The ancestral St Lawrence river drained a hinterland 
that included Taconic ophiolites and metamorphic rocks and 
Proterozoic rocks of the Shield, with principal coarse sediment supply 
from western Newfoundland, uplifted as a result of Cretaceous rifting 

of the North Atlantic.  An ancestral Saint John River was supplied with 
metamorphic detritus of Silurian age.  Between these two rivers was a 
third river system that lacked a Shield source and received principally 
Taconic metamorphic detritus, with lesser amounts of Silurian age.  
Regional variation in heavy mineral assemblages in the Chaswood 
Formation suggests that at any one locality, some 50% of the heavy 
mineral fraction is derived from local horsts and 50% from more distant 
sources, thus placing constraints on the paleogeography of the region. 
 
ARCHEAN LITHOSPHERIC MANTLE INVERSION: KEY TO 
DIAMOND PRODUCTIVITY OF CRATONIC KEELS?  

PERCIVAL, J.A., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8, joperciv@nrcan.gc.ca, and 
PYSKLYWEC, R.N., Dept. of Geology, University of Toronto, 
Toronto, ON, M5S 3B1 

The survival of Archean diamonds in lithosphere whose crust 
underwent high-temperature metamorphism and widespread melting 
can be explained by considering the fate of depleted, buoyant 
lithosphere beneath a cooling orogen.  Mafic lower crust converts to 
eclogite within a few million years, establishing a gravitational 
instability with respect to underlying, less dense mantle lithosphere.  
Asthenosphere flow provides tractive force on the lithosphere base, 
prompting inversion of a buoyant but top-heavy, ca. 200 km thick cell.  
Eclogite decoupled from the crust may subsequently sink into 
asthenosphere, leaving the most depleted and refractory, former upper 
mantle rocks at the base of the lithosphere in the garnet field.  
Parameterized numerical experiments of the lithospheric inversion 
process show a >40 m.y. pulse of elevated temperature (maximum 
1100 °C) in the lower crust when ca. 1350 °C basal lithosphere is 
inverted into juxtaposition with the new Moho.  Calculated P-T paths 
for different domains within the mantle lithosphere cell show both 
isothermal decompression and loading trajectories as garnet-bearing 
rocks enter the spinel field and vice-versa.  Similar paths have been 
discerned from disequilibrium textures in a small population of mantle 
xenoliths, but existing interpretations (plume and subduction drag, 
respectively) do not account for the lack of annealing at ambient mantle 
conditions.  The calculated paths show zones in the central part of the 
inverting cell that criss-cross the graphite-diamond boundary, perhaps 
promoting growth of large crystals through small growth increments.  
Although the model does not account for the presence of carbon in 
Archean lithosphere keels, it does provide a mechanism for growth of 
large diamonds and long-term craton stability. 
 
EVIDENCE FOR EARLY (CA. 1.9 GA) INTERACTION 
BETWEEN THE TRANS-HUDSON OROGEN AND SUPERIOR 
MARGIN IN THE PIKWITONEI – SNOW LAKE CORRIDOR  

PERCIVAL, J.A., joperciv@nrcan.gc.ca, WHALEN, J.B. and 
RAYNER, N., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8 

Rifting events (2.1-1.88 Ga) and an oceanic free face characterized 
most of the northwestern Superior margin until collision with the 
Trans-Hudson orogen at ca. 1.81 Ga.  Significantly older compressional 
activity is evident along the autochthonous western Superior margin 
(AWSM) south of Thompson, where 1.89-1.83 Ga plutons of arc-like 
hornblende granodiorite cut Archean gneisses, permitting an 
interpretation of east-dipping seismic reflections as 1.89-1.83 Ga 
subduction geometry rather than late vergence reversal.  At Setting 
Lake to the west, where Superior margin affinity (SMA) is inferred 
from Nd model ages, isotopically evolved 1.89-1.87 Ga plutons were 
juxtaposed with <1.85 Ga sediments of the Burntwood and Grass River 
groups prior to polyphase deformation and metamorphism.  
Relationships are uncertain between this 1.89 Ga continental 
magmatism (AWSM and SMA) and 1.906-1.885 Ga units of the Trans-
Hudson internides (THI) that include isotopically evolved rocks 
exposed near Flin Flon (Mystic Lake suite) and juvenile plutonic rocks 
in the Snow Lake area (Herblet Lake dome, Rex Lake complex and 
Namew gneiss complex), that correspond in age to juvenile volcanic 
arc production.  Our working hypothesis involves creation of the 
Superior margin ca. 2.07 Ga and autochthonous deposition of the 
Ospwagan Group; early (ca. 1.90 Ga) deformation (collision with 
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proto-THI?) and early arc magmatism (1.90-1.885 Ga) on AWSM and 
SMA.  A sliver of pericratonic material (SMA) was removed during 
1.883 Ga rifting and within a few million years was thrust beneath 
juvenile Trans-Hudson rocks in an intra-oceanic event.  Common ages 
(1.87-1.83 Ga) of successor arc magmatism that is juvenile in the THI 
and evolved on AWSM and SMA suggest THI development in a 
marginal basin prior to ca. 1.83-1.79 Ga collision with AWSM.  
Implications for paleogeography, plate interaction and ca. 1.88 Ga rift 
magmatism are being explored through further geological, 
geochronological and geochemical studies. 
 
RELATIONSHIP BETWEEN CLIMATE CHANGE AND Hg 
FLUX IN ARCTIC LAKE SEDIMENTS  

PERCIVAL, J.B., OUTRIDGE, P.M., Geological Survey of 
Canada, 601 Booth St., Ottawa, ON, K1A 0E8, 
jperciva@nrcan.gc.ca, HAMILTON, P.B., Canadian Museum of 
Nature, PO Box 3443 Station D, Ottawa, ON, K1A 6P4 and 
STERN, G.A., Fisheries and Oceans Canada, 501 University Cr., 
Winnipeg, MB, R3T 2N6 

Several sediment core samples were collected from Amituk Lake 
(75°2.9' N, 93°45.8' W) on Cornwallis Island, Nunavut in May 2003 as 
part of a comparative study of natural archives as proxy records.  The 
aim of the Metals in the Environment (MITE) study is to distinguish 
natural from anthropogenic sources of metals in lake sediment, and 
comparing with historical data as well as other natural materials 
including peat, ice core, trees and country foods. 
In addition to complete lithogeochemical (majors, traces, POPS) 
analyses of core samples, 210Pb and 137Cs were measured to enable 
dating of the core and determination of sedimentation rates.  
Calculation of sedimentation rates and chronologies for the upper core 
is based on a constant rate of supply model (CRS) that assumes a 
constant 210Pb input and varying sedimentation rate over time (down to 
~ 10 cm).  Calculations based on a linear model (i.e., assumes constant 
sedimentation rate) enable determination of chronologies throughout 
the entire core.  The oldest date determined by this method is 1023 
A.D. (~54 cm depth). 
Amituk Lake is underlain by Upper Silurian to Lower Devonian 
limestone and dolomite with minor shales and siltstones of the Douro 
and Barlow Inlet Formations.  Whole rock and clay-size mineralogy of 
the silt-rich samples reflect the lithologies of the catchment area.  The 
samples contain abundant dolomite and quartz with variable but minor 
amounts of calcite, feldspar, mica and chlorite. 
The Hg concentration profile shows elevated levels near the surface of 
the core (0.11 :g/g) with a gradual decrease with depth to the bottom 
(0.02 :g/g).  Hg flux, determined only for the upper 10 cm, shows a 
general increasing trend to the top of the core, except for a spike at 
around 1953 or 5 cm depth, corresponding to a large sedimentation 
event.  This peak is consistent with maxima for Al, Ca, Mg, Fe and La 
suggesting the Hg source is mainly geogenic.  This maximum also 
coincides with the initiation of diatom growth. The density of diatoms 
from 1953 increases from about 1 × 104 to 2 × 107 cells/g at the surface.  
Below 5 cm, only one sample contained diatoms (1 × 103 cells/g). The 
explosion of diatoms towards the surface of the core can be linked 
directly to climate warming.  Thus, increased concentrations of Hg in 
the upper sediments may be due to increased scavenging of dissolved 
Hg in the water column as lake productivity increases. 
 
EVIDENCE OF PROTOLITH CONTAMINATION IN THE 
GENERATION OF AN ANATECTIC COMPLEX:  PEÑA 
NEGRA, CENTRAL SPAIN  

PEREIRA, D., mdp@usal.es, and RODRIGUEZ ALONSO, 
M.D., Depto. de Geología, Universidad de Salamanca, 37008 
Salamanca, Spain 

The Peña Negra complex in the north-central part of the Sierra de 
Gredos, Avila batholith, central Spain, provides a superb opportunity 
for the study of Variscan partial melting processes.  The current erosion 
level is that at which the Variscan granites were produced.  It is 
concluded that the protolith for the anatectic melts was the Schist-
Greywacke Complex, together with the gneisses that were the main 

source for the Iberian granites.  The heat source for the anatexis, 
however, has been controversial.  The presence of basic rocks in the 
vicinity has given rise to the suggestion that mafic magmas of mantle 
origin provided the requisite heat for the generation of the anatectic 
granites.  Whilst data from experimental petrology can be used to 
support this concept, the volumes of mafic magma necessary for the 
anatexis appear improbably large.  Geophysical models for Central 
Iberia do not support the presence of such large basic complexes at 
depth.  Furthermore, radiometric dating of the scarce basic outcrops 
indicates that they are too old to have been involved in the granitic 
magma genesis.  The alternative and favoured interpretation is that 
melting of the protolith was probably promoted by the radioactive 
decay of K, U and Th.  Minerals containing relatively high 
concentrations of those elements are present in granites, either as 
individual phases or as part of xenoliths representing the protolith.  
Anatexis was enhanced, then, by the existence of a fertile protolith and 
by the presence of shear structures that permitted volatile fluxing.  The 
situation is believed to have been analogous to that in other European 
Variscan terrains. 
 
THE CHRONICLES OF MERCURY IN THE PROSPEROUS 
MINERAL DISTRICT OF SUDBURY, ONTARIO  

PERON, T.M., Department of Earth Sciences, Laurentian 
University, 935 Ramsey Lake Rd., Sudbury, ON, P3E 2C6, 
tperon@mirarco.org, AMES, D.E., Geological Survey of Canada, 
Natural Resources Canada, 601 Booth St., Ottawa, ON, K1A 0E8, 
and SPIERS, G.A., Centre for Environmental Monitoring, 
MIRARCO, Willet Green Miller Centre, 933 Ramsey Lake Rd., 
Sudbury, ON, P3E 6B5 

Mining, smelting and refinement of Ni-Cu-PGE ores of the Sudbury 
impact crater has been active for over a century in Canada’s richest 
mineral district with over 50 past-producing and producing mines.  In 
2001, a comprehensive soil-sampling program was undertaken for the 
northern resource-based community of Sudbury, Ontario.  The regional 
survey, designed by MIRARCO’s Centre for Environmental 
Monitoring (CEM) employed a nested sampling grid, centered on the 
three smelters of Copper Cliff, Coniston and Falconbridge.  In the area 
of historically known smelter impact, the initial study evaluated the 
levels and distribution of 19 major and trace elements, excluding 
mercury.  It is widely known that platinum group minerals in Ni-Cu-
PGE deposits commonly contain the key element(s) S, Se, Te, As, Sb, 
Bi, Sn, Pb and Hg however, little attention has been paid to measuring 
these trace elements of the sulphide ores.  Mercury in the ppm range (1-
11 ppm) occurs in the sulphide ore of Sudbury’s four diverse mineral 
deposit types including, contact, footwall, offset and tectonically 
modified deposits. 
Three primary objectives of this environmental study include: (1) 
determining the regional distribution of mercury in soil, (2) establishing 
background concentration of mercury from soil parent material and (3) 
determining the speciation of mercury within the upper-most soil 
horizon.  The spatial distribution of mercury in various soil horizons, 
and significant geochemical correlations are demonstrated.  Soil parent 
material geochemistry and mineralogy will help ascertain the amount of 
mercury from geogenic sources, such as bedrock and glacial till.  This 
data will facilitate discriminating between mercury which is naturally 
occurring and that which is anthropogenic in origin throughout the soil 
profile.  Mercury speciation is necessary to assess the solubility, 
mobility and potential bioaccessibility of mercury in the soil and will 
be determined by thermal desorption. 
 
INVESTIGATION OF A LATE PROTEROZOIC MAFIC SILL 
AND ITS ENVIRONS - CAPE ST. FRANCIS, 
NEWFOUNDLAND  

PERRY, T., tammyperry@canada.com, LEITCH, A., and 
WILTON, D., Department of Earth Sciences, Memorial 
University of Newfoundland, St. John's NL, A1B 3X5 

The aim of this study is to characterize a mafic sill and its environs in 
the vicinity of Cape St. Francis, Newfoundland, and then investigate its 
implications for late Proterozoic bimodal magmatism in the Avalon 
Zone of the Appalachian orogenic belt. The sill defines a prominent 
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ridge, approximately 600 m long and 87 m thick and is commonly 
bounded by northwesterly dipping arkosic sandstones and overlying 
sequences of pillow basalts and pillow breccias.  Field observations, 
however, indicate that the sill locally cuts the pillow basalts near the 
westerly boundary of the ridge.  To the north, cogenetic rhyolite domes 
puncture the sandstones. The sill itself has a bulk trachyandesite 
composition with a layered appearance, which is characterized by thin 
(1-2 mm) seams that are parallel to contacts and closest together near 
contacts.  In some cases the sill has a banded appearance due to cm-
scale leucocratic and melanocratic layers.  An examination of the 
millimeter scaled variations of mineralogy within the layers using the 
Scanning Electron Microscope indicated that there were two types of 
seams.  One type has a highly silicic composition while the other has 
the same composition but is finer grained than the layers in which it 
occurs.  Further examination of these layers will be completed using 
Microprobe analysis.  Detailed ground-based magnetic and elevation 
surveys were carried out to build a three-dimensional model of the sill 
morphology and extent below the surface.  Regional geophysical 
surveys including vertical magnetic gradient, total magnetic field, and 
VLF-EM total field were analysed and compared with the ground 
magnetic survey.  Geochemical analysis for major and trace elements 
has been completed on rock units that include: basalt, rhyolite, arkosic 
sandstone, trachyandesite, and silicic seams. 
 
HYDROTHERMAL PETROLEUM IN MODERN SEDIMENT-
HOSTED SEAFLOOR MASSIVE SULPHIDE DEPOSITS AT 
GUAYMAS BASIN AND ESCANABA TROUGH  

PETER, J.M., Geological Survey of Canada, 601 Booth Street, 
Ottawa, ON, K1A 0E8, jpeter@nrcan.gc.ca, SCOTT, S.D., 
Department of Geology, University of Toronto, 22 Russell St., 
Toronto, ON, M5S 3B1, and STASIUK, L., Geological Survey of 
Canada, 3303 - 33rd St. NW, Calgary, AB, T2L 2A7 

Modern sediment-hosted seafloor massive sulphide deposits have been 
known for about the last twenty years to contain hydrothermal 
petroleum (e.g., Guaymas Basin, Gulf of California-GB).  Active 
chimneys vent globules of liquid hydrocarbon that commonly saturates 
the Pb-Zn-Cu mineral precipitates. Carbon-14 dates of 4240 to 5705 
yBP demonstrate that the petroleum was formed rapidly by the rapid 
hydrothermal alteration of organic matter in the host sediment.  The 
liquid hydrocarbon was expelled by the vent and trapped during growth 
of lower-temperature mineral phases (120-210°C).  More recent fluid 
inclusion (FI) studies on samples collected from Escanaba Trough (ET) 
at a water depth of 3209 meters during Leg 169 of the Ocean Drilling 
Program reveal similar trapping conditions for hydrothermal petroleum 
to GB. One and two-phase liquid hydrocarbon inclusions (hydrocarbon 
L, and hydrocarbon L&V, respectively, and up to 50 :m in diameter) 
contain a very light yellow to deep orange hydrocarbon.  These FI 
indicate that the hydrothermal fluid and liquid hydrocarbon were 
transported immiscibly.  Liquid hydrocarbon is preferentially trapped in 
lower-temperature mineral phases (amorphous silica and barite, or at 
interfaces between these two minerals) at temperatures between 135 
and 258°C (compare with present low-temperature venting at 108°C).  
Based on fluorescence characteristics, there are two types of liquid 
hydrocarbon (types 1, 2) trapped in FI at ET, and these may indicate 
different densities and ratios of saturates to aromatics, which in turn 
may relate to differing maturities, concentrations of NSOs or 
temperatures.  Type 1 hydrocarbons may be of higher maturity, as type 
2 hydrocarbon-bearing inclusions occur preferentially near sulphide 
minerals, and the presence of solid asphaltic intercrystalline bitumens 
adjacent to sulphides indicates that type 1 hydrocarbons were altered 
during mineralization (zone refining as the mounds and chimneys 
became more mature).  In GB, mineralization occurs over a much 
greater strike length (>7 km) than at ET, and at GB the carbon, oxygen, 
and sulphur isotope compositions of the mineral phases show 
systematic variations with the compositions of the corresponding 
hydrocarbons (e.g., saturate, asphaltene, NSO contents).  Such a 
relationship is attributed to variations in the relative contributions of 
carbonate- and organic-carbon sources.  Ancient VMS deposits in 
sedimented settings commonly have an associated carbon anomaly.  
Although metamorphosed to some degree, the presence of any bitumen 
in these likely indicates that petroleum was generated in a similar 
manner at the time of metal mineralization.  The Canning Basin, 

Australia, with its thermogenic hydrocarbons and nearby Pb-Zn 
sulphides, is a possible analogue. 
 
IMPACT OF CROP ROTATION AND SOIL MANAGEMENT 
ON THE RESISTANCE OF POTATO TO PINK ROT  

PETERS, R.D.1, STURZ, A.V.2, CARTER, M.R.1, 
carterm@agr.gc.ca, and SANDERSON, J.B.1,  1 Agriculture and 
Agri-Food Canada, Research Centre, Charlottetown, PE, C1A 
4N6;  2 PEI Department of Agriculture, Fisheries and 
Aquaculture, PO Box 1600, Charlottetown, PE, C1A 7N3 

Certain soil microflora can suppress soil-borne diseases and enhance 
crop quality.  The influence of 2- and 3-year crop rotations and 
conservation tillage practices on the severity of pink rot of potato 
(causal agent: Phytophthora erythroseptica) was examined in Prince 
Edward Island, Canada.  The 2-year rotation crops were spring barley 
(Hordeum vulgare L.) and potato (Solanum tuberosum L., cv. ‘Russet 
Burbank’), and the 3-year rotation was comprised of barley [undersown 
with red clover (Trifolium pratense L.)], red clover and potato.  In the 
potato year only, the main plots were split to examine conventional and 
minimum tillage (sub-plot) treatments.  Soil samples and potato tubers 
were extracted from field plots 6-7 years after the initiation of the field 
trial.  Pink rot disease development was suppressed in potatoes from 3-
year rotational soils compared to those from 2-year rotational soils, 
following post-harvest inoculation of field-grown tubers with P. 
erythroseptica.  The effect of tillage management was not significant.  
Following inoculation with P. erythroseptica, potato plants grown in 
greenhouse trials in 3-year rotational soils (from field plots) were 
significantly (P = 0.05) less diseased than those grown in 2-year 
rotational soils.  These results suggest that potato plants grown in soils 
managed under a 3-year rotation are intrinsically more resistant to 
disease than those managed under a 2-year rotation.  Thus, crop 
rotation and soil management can provide disease control benefits 
beyond those normally associated with pathogen population decline in 
the absence of the susceptible host. 
 
CRYSTAL-MUSH COMPACTION IN THICK FLOOD-BASALT 
FLOWS  

PHILPOTTS, A.R., University of Connecticut, Storrs, CT 06269, 
Philpotts@charter.net 

In thick flood-basalt flows, such as those of the Columbia River 
province and the Mesozoic basins of Eastern North America, interstitial 
liquid is expelled upward by crystal-mush compaction from the lower 
to the central part of the flow where it dilates and commonly ruptures 
the crystal mush to form multiple horizontal sheets of coarse-grained 
ferrodiorite, which in turn may contain thin sheets of granophyre 
toward their tops.  This redistribution of residual liquid generates 
vertical chemical profiles of compatible and incompatible elements that 
have characteristic S and Z shapes respectively.  Compaction is 
facilitated by the formation of a highly permeable, weak network of 
crystals when the basalt is no more than one-third crystallized.  
Initially, a continuous network of loosely packed plagioclase crystals, 
which have abundant interstitial melt, surrounds separate pyroxene 
crystals.  During compaction, the plagioclase crystals rotate to form 
groups of tightly packed parallel laths, which commonly wrap around 
the pyroxene grains to form a diagnostic texture resembling tiles on a 
roof.  Small plagioclase crystals can also pile up against the upper 
surface of large horizontal phenocrysts, which commonly have patches 
of buoyant residual liquid trapped along their lower side. This 
asymmetric distribution of phases above and below horizontal 
phenocrysts, which resembles the lintel above a doorway, is another 
diagnostic compaction texture.  When the crystal mush first forms, the 
network of plagioclase crystals is isotropic, but during compaction it 
becomes deformed.  Quantitative determinations of the textural 
anisotropy of the plagioclase network in scanned images of oriented 
thin sections provide a direct measure of the amount of compaction or 
dilation the crystal mush underwent.  The measured chemical profiles 
and compaction profiles, as indicated from textural anisotropy, can be 
reliably modeled using Boudreau’s (2003) IRIDIUM program, which 
links mineral-liquid equilibria with standard mass and heat transport 
equations.  These chemical profiles, textures, and modeling results will 
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be illustrated with results from a study of the Cohassett flood-basalt 
flow beneath the Hanford nuclear site, Washington.  If crystal-mush 
compaction causes differentiation within thick flood-basalt flows 
solidifying on the earth’s surface, it must be an important process of 
differentiation in more slowly cooled intrusive bodies. 
 
SPATIAL ANALYSIS OF WETLAND DISTRIBUTION IN 
REPRESENTATIVE LANDSCAPES OF THE CANADIAN 
PRAIRIES  

PHIPPS, K.J., kjp593@mail.usask.ca, PENNOCK, D.J., 
University of Saskatchewan, 51 Campus Drive, Saskatoon, SK, 
S7N 5A8, HOWERTER, D.W. and MCDOUGAL, R.L., Ducks 
Unlimited Canada, Box 1160, Stonewall, MB, R0C 2Z0 

Wetland restoration is an important aspect in greenhouse gas mitigation 
but the area of wetlands for potential restoration in prairie Canada is 
largely unknown.  The Institute of Wetland and Waterfowl Research of 
Ducks Unlimited Canada has undertaken a long-term study on the 
Spatial and Temporal Variation in Nest Success of Prairie Ducks 
(SpATS) and in doing so has compiled data for sixty study sites within 
the prairie pothole region (PPR) of Canada to date.  Land use and 
wetland data collected by the SpATS project in 2002 to 2004 on 
selected 16-mi2 study sites was used to determine the distribution of 
wetlands in representative landscapes of the PPR.  Data will be 
presented on the distribution and area of wetland permanence class 
within these selected study sites.  This data will be useful in 
determining the potential area of restoration for greenhouse gas 
mitigation in the Canadian prairies. 
 
THE IMPORTANCE OF RIFTING IN THE FORMATION OF 
VOLCANOGENIC MASSIVE SULPHIDE (VMS) DEPOSITS  

PIERCEY, S.J., spiercey@laurentian.ca, and GIBSON, H.L., 
hgibson@laurentian.ca, Mineral Exploration Research Centre, 
Department of Earth Sciences, Laurentian University, Ramsey 
Lake Road, Sudbury, ON, P3E 2C6 

Volcanogenic massive sulphide (VMS) deposits throughout Earth’s 
history preferentially occur within rift-related geodynamic 
environments (e.g., arc rifts, back-arc basins, intracontinental-rifts).  
The occurrence of VMS deposits in rift-related geodynamic 
environments is due to a number of key factors that are essential in the 
formation of said deposits, namely rift environments are extensional in 
nature, and they are commonly the sites whereby new, hot mantle 
upwells beneath the rift.  Extension associated with rifting results in the 
formation of synvolcanic and synsedimentary faults, and permeable 
zones that focus magmatism and hydrothermal fluid flow.  The 
upwelling of mantle beneath these rifts and associated decompression 
leads to crustal and mantle partial melting and the formation of high 
temperature magmatic rocks (e.g., FIII rhyolites, boninites) emplaced at 
surface and as synvolcanic intrusions, which in turn results in an 
increase in the geothermal gradient within the rift.  The combination of 
synvolcanic structures, coupled with an enhanced geothermal gradient, 
results in a focusing of hydrothermal fluid circulation and increased 
heat creating thermally anomalous geodynamic environments.  This 
results in longer lived, more rigorous and deeper hydrothermal 
circulation with the rift relative to outlying areas. The combination of 
these features within rift environments creates geodynamic 
environments that are highly conducive to the formation of VMS 
deposits.  Identifying such rifts in the ancient record requires a 
combination of regional geological mapping and stratigraphy, volcanic 
and sedimentary facies mapping, lithogeochemistry and 
geochronology.  By combining these methods, ancient rifts can be 
easily identified, which in turn may outline new environments with 
potential for new metal resources. 
 
SOME FEATURES OF GARNET AND ECLOGITE STABILITY  

PILCHIN, A., apilchin1521@rogers.com, and PILCHIN, M., 
Universal Geoscience and Environmental Consulting, #1402, 205 
Hilda Ave., Toronto, ON, M2M 4B1 

Analysis of relationships between pressure P, temperature T and 
volume V of a rock (Pilchin, Eppelbaum 2002) shows that slope dP/dT 

is determined as *P/*T = Fg/G + "/ß – *[*V/(ßV)]/*T.  Here F is a 
density of overlying rocks, g is the acceleration of gravity, G is an 
average geothermal gradient, " is a thermal expansion, ß is a 
compressibility, and *V is a change of the initial volume V.  The three 
terms on the right side of the equation are lithostatic, thermal and 
unloading portions of the slope, respectively.  Estimated values of 
lithostatic portion of the slope gave 9.5 bar/ºC for upper crust and ~28.5 
bar/ºC for lower crust and uppermost mantle.  The thermal portion of 
the slope is ~ 27.8-34.3 bar/ºC for garnet and ~27.8 bar/ºC for 
omphacite.  The third term on the right side of the equation shows that 
in case of pressure unloading (*V>0) the value of the slope will be 
lower than the sum of the first two terms, but in case of an external 
(tectonic) compressive force presence (*V<0) its value will be greater 
than that sum.  Analysis of P/T ratio and the slope *P/*T of eclogites 
from orogenic belts shows that in many cases lithostatic and thermal 
portions of the slope cannot generate thermodynamic conditions 
necessary for eclogite formation (*P/*T is up to 119.0-136.4 bar/ºC for 
coesite eclogites) and presence of giant compressive force is required.  
Data on garnet stability under different P-T-conditions shows that both 
almandine and grossular are unstable under high temperature and 
moderate pressure.  Presence of almandine-rich garnets in both 
kimberlites (n=524) of different regions of Africa (up to 59%; average 
~32.4 %) and eclogites (n=364) of orogenic belts (up to 80% in 
Pelagonian allochthon of Greece and Alboran Sea basement) points at 
high content of almandine in the lower crust and upper mantle.  Garnets 
associated with micro-diamonds are always almandine-rich.  The low 
content of iron-rich garnet within middle and upper crust could relate to 
instability of ferrous iron under low-T and low-P conditions. Such 
instability leads to ferrous – ferric iron transformation during rock 
exhumation causing breakdown of almandine. 
 
ON THE ROLE OF TECTONIC FACTOR IN FORMATION OF 
ULTRA-HIGH PRESSURE MINERALS:  AN EXAMPLE OF 
COESITE  

PILCHIN, A., Universal Geoscience and Environmental 
Consulting, #1402, 205 Hilda Ave., Toronto, ON, M2M 4B1, 
apilchin1521@rogers.com 

Analysis of experimental data on stability of coesite shows that P-T-
conditions of its stability require values of pressure P and temperature 
T characterized with P/T ratio in range of 26.8-70.3 bar/ºC and very 
low values of the slope *P/*T ranging in 6.8-13.3 bar/ºC.  The P-T-
conditions of coesite stability were used for defining ultra-high pressure 
(UHP) conditions (Carswell and Zang 1999). 
Joint analysis of P and T distribution shows that, if lithostatic pressure 
only is applied, between values of P/T ratio, the slope *P/*T, average 
geothermal gradient T/z and local geothermal gradient *T/*z exists 
relationship (*P/*T)/(P/T) = (T/z)/(*T/*z).  Since value of the 
geothermal gradient is reducing with the depth, the value of the 
geothermal gradient at any depth should be lower than that of the 
average geothermal gradient (*T/*z < T/z).  This means that under 
normal circumstances the value of the slope *P/*T should be higher 
than that of the ratio P/T.  In case of coesite, value of (*P/*T)/(P/T) is 
about 0.12-0.38, but value of (T/z)/(*T/*z) should be greater than 1.  It 
shows that lithostatic pressure alone cannot form coesite, and an 
external tectonic force is necessary to generate ultra-high pressure. 
Estimation of geothermal gradient required for formation of eclogite 
gave value 9.1ºC/km.  Similar estimation of required geothermal 
gradient for formation of coesite eclogites from Greenland (*P/*T = 
136.4 bar/ºC) and China (*P/*T = 119.0 bar/ºC) gave values about 2.4-
2.8 ºC/km and 2.1-2.4 ºC/km respectively, which are too low for lower 
crust and upper mantle conditions.  Required geothermal gradient in 
another case of ultra-high pressure conditions in marble and eclogite 
from the Su-Lu terrane of eastern China (*P/*T = 200 bar/ºC) should 
be about 1.4-1.7 ºC/km that is not possible.  Similar results were 
obtained for UHP rocks in areas of micro-diamonds formation.  This 
means that lithostatic factor cannot support sufficient rate of pressure 
growth with depth and another sources of force capable of generation 
of UHP conditions are necessary.  Analysis of available data shows that 
those sources of external compressive force are of tectonic origin only. 
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STRUCTURAL STYLE OF THE GASPÉ BELT, QUÉBEC 
APPALACHIANS:  NEW INSIGHTS FROM HIGH-
RESOLUTION AEROMAGNETIC DATA  

PINET, N.1, npinet@nrcan.gc.ca, LAVOIE, D.2, 
BROUILLETTE, P.2, KEATING, P.3, BRISEBOIS, D.4, MALO, 
M.1 and CASTONGUAY, S.2,  1 INRS-ETE: Institut National de 
la Recherche Scientifique Eau-Terre-Environnement, Québec 
City,  2 CGC-Q: Geological Survey of Canada, Québec City,  3 

CGC-DGC: Geological Survey of Canada, Ottawa,  4 MRNFPQ: 
Ministère des Ressources Naturelles de la Faune et des Parcs du 
Québec, Québec City 

In the Gaspé Peninsula, Middle Paleozoic rocks of the Gaspé belt 
consist of a Late Ordovician to Devonian, mainly siliciclastic, rock 
assemblages.  These rocks were essentially deformed during the Middle 
Devonian Acadian orogeny. Older (late Silurian) and younger 
(Carboniferous-Permian) tectonic events did not significantly modify 
the map pattern.  In such a poorly outcropping area, aeromagnetic data 
represents a spatially continuous grid of information that provides an 
important supplement to the spatially discrete observations derived 
from bedrock mapping. 
Two recent high-resolution aeromagnetic surveys (mean flying height = 
150 m; line spacing 400 and 300m) provide nearly complete coverage 
for the Québec part of the Gaspé belt, east of 68°15’.  Short-wavelength 
magnetic features were enhanced by several methods (including the 
second-derivative of the measured magnetic response).  Resulting maps 
that isolate the anomalies associated with near surface features at the 
expense of deeper source can be correlated with geological data.  The 
source of short-wavelength linear magnetic anomalies is either 
magmatic rocks or subtle susceptibility contrasts (<0,2*10-3 SI) within 
the sedimentary sequence.  Broken linear anomalies provide a mean for 
the mapping of faults that are generally devoid of magnetic signature. 
At the regional scale, interpretation of aeromagnetic images reveals a 
complex faults pattern.  A NE-trending structural corridor crosses the 
entire study area from Rivière Madeleine to Ristigouche to the 
southwest.  In the central part of the corridor (Sullipek area), a huge 
volume of Devonian magmatic dykes, sills and stocks are located in a 
triangular shaped tectonic block, suggesting that this area experienced 
local extension and that tectonic regime was laterally heterogeneous.  
East of that corridor, a dense network of NW-trending faults is 
conspicuous on aeromagnetic maps.  In several cases, the apparent 
offset of pre-Acadian features (as well as a 100 km-long post-Acadian 
dyke) allows a quantification of the strike-slip component of motion.  
The overall geometry exhibits similarities with orogen resulting from 
the collision with an irregular-shaped indenter and characterized by the 
lateral extrusion of crustal blocks. 
At a more detailed scale, aeromagnetic data provides a useful 
framework to target potential areas for hydrocarbon plays.  Previously 
unrecognized structures may have channelled hydrothermal fluids, 
contributed to porosity development or served as suitable pathways for 
hydrocarbon migration.  Moreover, aeromagnetic data is ideally suited 
for the characterization of fault segmentation, fault bends and fault 
intersection that may have enhanced fracture permeability. 
 
TILLS DEPOSITED FROM GROUNDED ICE ON THE UPPER 
CONTINENTAL SLOPE OFFSHORE SOUTHEASTERN 
CANADA: IMPLICATIONS FOR STYLE AND HISTORY OF 
GLACIATION  

PIPER, D.J.W., Geological Survey of Canada (Atlantic), Bedford 
Institute of Oceanography, Dartmouth, NS, B2Y 4A2, 
dpiper@nrcan.gc.ca, and BRUNT, R., Dalhousie University, 
Halifax, NS, B3H 4J1 

Hard unstratified sediment underlies the upper continental slope off 
Nova Scotia and Newfoundland and terminates seawards in “till 
tongues” imaged in high-resolution seismic-reflection profiles.  Sparce 
piston cores confirm that these units consist of sandy diamict and shear 
strength measurements indicate that the diamict is overconsolidated.  
Most piston cores fail to penetrate this lithology and the abundance of 
iceberg scour pits, rather than linear furrows, confirms the strength of 
this sediment.  Some diamict deposits are less highly consolidated and 
may be melt-out tills from the buoyancy line. 

Tills that reach beyond the shelf pass into downslope thinning wedge 
shaped bodies (till tongues) on the upper slope that interfinger with 
proglacial muddy sediment deposited from proglacial sediment plumes.  
The termination of the till tongue also passes laterally into stratified 
proglacial sediment, commonly with more abundant thin sands and 
local erosional channels.  In many cases, shallow failure on the slope 
has retrogressed to the limit of till, thereby obscuring this transition.  
The limit of the till tongue is interpreted as corresponding 
approximately to the grounding line.  There is little evidence for 
deposition of flow tills downslope from the grounding line: we infer 
that any mass flows accelerated downslope and evolved into turbidity 
currents. Well-defined mass-transport deposits, seaward of some 
icestreams, consist of failed proglacial sediment. 
The morphology of upper slope till varies considerably on the 
southeastern Canadian margin.  The till limit is at maximum water 
depths of 250 to 700 m below present sea level, with deeper limits 
found seaward of ice streams.  The geometry of stacked till tongues is a 
consequence of the volume of glacial supply and the rate of subsidence 
of different parts of the margin.  Strongly aggradational sequences have 
formed in areas of subsidence due to active salt tectonics and strongly 
progradational sequences in stable areas with major glacial supply.  The 
most recent till tongue stacks appear to be retrogressive up-slope.  
Chronology of stacked till tongue successions can be interpreted by 
interpolation between regional seismic stratigraphic markers and 
comparison with dated sediment flux to distal offshore settings.  On the 
Scotian Slope, the most recent till-tongue dates from between 18.5 and 
20.3 ka; off Laurentian Channel there was a maximal ice advance at 
about 16.5 ka; whereas off the eastern and northern Grand Banks the 
maximum ice advance was at about 25 ka.  Stacked till tongue 
successions appear to date back to MIS 12 at 0.45 Ma. 
 
STRUCTURAL EVOLUTION THE MT. KATÉPAHIE 
ULTRAMAFIC KLIPPE, WESTERN NEW CALEDONIA  

POITRAS, S., Université du Québec à Montréal (UQAM), 201 
Président-Kennedy, Montréal, QC, H2X 3Y7, spoit@email.com, 
GOULET, N., Département des sciences de la terre et de 
l’atmosphère, Université du Québec à Montréal (UQAM), 
Montréal, QC, and AUDET, M.-A., Université du Québec à 
Montréal (UQAM) and Université de Nouvelle Calédonie, 
Falconbridge Nouvelle-Calédonie SAS, BP 44 – 98825 
Pouembout, Nouvelle-Calédonie 

The south Pacific islands of New Caledonia are home to one of the 
largest and best-exposed ophiolitic complexes.  The continuous Massif 
du Sud nappe covers the southern third of the main island (Grande 
Terre) for more than 200km while the remaining ultramafic formations 
are dispersed as kilometer scale klippes along the island’s western 
coast.  This research examines one such klippe, Mt. Katépahie, and is 
concerned with its structural evolution. 
A major regional fault (Accident Ouest Calédonien, AOC) trending 
NW-SE separates the main nappe from the western klippes.  Movement 
along this fault has been variously interpreted as normal-dextral, 
inverse or normal.  Being well exposed along the eastern edge of 
Katépahie this study determines that the last recorded movement along 
the AOC was dextral strike-slip.  Detailed structural mapping has 
identified that AOC structures cross cut two previous deformation 
fabrics.  The earliest of these are fault-bounded zones of serpentinised 
tectonic mélange (inverse and normal) interpreted as belonging to S-
SW directed ophiolite emplacement.  The second, represented by NE-
SW trending faults and joints appears to be associated with an east 
dipping subduction along the western edge of the Norfolk ridge.  This 
observation supports previous work which first suggested subduction 
along the W. coast of the island on the basis of late boninitic intrusions 
into the ultramafic klippe. 
Observations also reveal great consistency in the attitude of dunite and 
pyroxene bedding within the mostly harzburgite klippe.  This indicates 
that the klippe was emplaced, and later deformed as a rigid body and 
that dismemberment was negligible. 
 
EARTH'S CHANGING CLIMATE:  A VIEW FROM 
UNDERGROUND  
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POLLACK, H.N., Deptartment of Geological Sciences, 
University of Michigan, Ann Arbor, MI 48109-1063, USA, 
hpollack@umich.edu 

Temperature changes that take place at the land surface propagate 
slowly downward into the soil and rocks beneath the surface.  Thus 
present-day subsurface temperatures comprise an historical archive of 
changes that have occurred at Earth's surface in the past.  The pace of 
heat transfer in rocks is such that the past 500 years of surface 
temperature history is imprinted on and contained within the upper 500 
meters of the Earth's crust, well within reach of many boreholes drilled 
for resource exploration and scientific purposes.  Analyses of 
temperature profiles in boreholes enable reconstructions of the ground 
surface temperature history in both the pre-industrial and industrial 
periods, and therefore help to evaluate the relative roles of natural and 
anthropogenic climate forcing.  Because the Earth acts as a low-pass 
filter on downward-propagating temperature signals, decadal and 
shorter fluctuations are seldom resolved, and accordingly the borehole 
reconstructions typically display only low-frequency changes.  
Underground temperature measurements made in more than 800 
boreholes on six continents show that Earth has warmed about 1 degree 
Celsius over the past five centuries.  More than half of that warming 
has taken place in the 20thcentury alone, and about 80% has occurred 
over the past two centuries.  These geothermal reconstructions of the 
ground surface temperature provide an independent estimate of surface 
temperature changes over the past five centuries, and compare well to 
the instrumental record and to surface temperature histories generated 
by global climate model (GCM) simulations.  Reconstructions from 
traditional climate proxies show more muted estimates of the 
magnitude of past climate variability, when compared to the 
geothermal and GCM reconstructions. 
 
U-Pb DETRITAL ZIRCON GEOCHRONOLOGICAL 
CONSTRAINTS ON THE LATE ORDOVICIAN-EARLY 
SILURIAN CLOSURE OF IAPETUS ALONG THE DOG BAY 
LINE, NEWFOUNDLAND APPALACHIANS  

POLLOCK, J.C., Dept. of Earth Sciences, North Carolina State 
University, Raleigh, NC, 27695, jcpolloc@ncsu.edu 

The Dog Bay Line is a major Silurian terrane boundary in the Exploits 
Subzone of the Newfoundland Appalachians.  Late Ordovician-Early 
Silurian rocks (Badger and Botwood groups) northwest of the Dog Bay 
Line, contain detritus sourced exclusively from Laurentia.  These 
groups were deposited upon peri-Gondwanan volcanic arc terranes that 
were accreted to Laurentia in the Middle Ordovician.  The Davidsville 
and Indian Islands groups southeast of the Dog Bay Line have 
stratigraphic links to peri-Gondwanan terranes and were deposited 
during the Late Ordovician-Early Silurian upon the peri-Gondwanan 
margin of Iapetus and were then accreted to Laurentia by the Late 
Silurian. 
A change from Paleozoic-dominated (Badger Group) to Meso- and 
Neoproterozic-dominated (Botwood Group) detritus in sequences 
northwest of the Dog Bay Line is attributed to the Middle Ordovician 
collision and exhumation of peri-Laurentian arc terranes of the Notre 
Dame Subzone with Laurentia.  Unroofing and erosion of these 
accreted arc terranes re-exposed Laurentian basement which eroded 
and deposited detritus from the latter into the Botwood Group.  Salinic 
orogenesis resulting from the collision of Ganderia with Laurentia 
resulted in obduction and erosion of the accreted Victoria and Exploits 
arcs and deposition of the detritus into a fore-arc basin on Laurentia. 
The absence of zircons in the ca. 510-550 Ma and 1550-1600 Ma age 
range northwest of the Dog Bay Line and no 1600-1700 Ma zircons 
southeast of the Dog Bay Line suggests the presence of a Silurian arm 
of the Iapetus Ocean that separated Laurentia from peri-Gondwanan 
microcontinents of Ganderia and Avalonia.  The change in Late 
Ordovician deep marine turbidites to Early Silurian stable-shelf rocks 
and non-marine, subaerial sediments east of the Dog Bay Line parallels 
that on the Laurentian margin and indicates the destruction and 
subsequent closure of Iapetus.  The upper sequences of the Botwood 
Group (Rogerson Lake Conglomerate) contain 700-800 Ma zircons that 
are atypical of Laurentia, but are common in peri-Gondwanan terranes, 
and suggest that the youngest rocks of the Botwood Group may post-

date closure of the Dog Bay Line and transgress the suture as an 
overlap sequence. 
The presence of Silurian orogenesis on both the Laurentian and peri-
Gondwanan margins of Iapetus is consistent with the closure of the 
Tetagouche-Exploits basin and Iapetus Ocean by the Late Silurian.  
Laurentia and the Ganderian microcontinent were subsequently 
involved in a continent-continent collision suggesting that rocks along 
the Dog Bay Line represent the last known occurrence of Iapetus in the 
northern Appalachian Orogen. 
 
238U-SERIES SYSTEMATICS IN DEEP CORALS:  DATING 
APPLICATIONS AND IMPLICATIONS FOR TRACE-
ELEMENT BASED PALEOCEANOGRAPHIC STUDIES  

PONS-BRANCHU, E. and HILLAIRE-MARCEL, C., GEOTOP-
UQAM-McGILL, P.O. Box 8888, Succ. Centre-ville, Montréal, 
QC, Canada H3C 3P8, edwigeponsbranchu@yahoo.com 

The measurement of 238U-series isotopes (238U-234U-230Th-226Ra-210Pb) 
in deep corals has potential applications for i) absolute dating and 
documenting deep coral growth rates (230Th, 226Ra-excess and 226Ra-
210Pb chronologies), 2) assessing deep ocean water ventilation rates (in 
confronting 14C and 230Th-chronologies), and 3) documenting changes 
in deep water mass circulation and geochemistry (Ra).  The 226Ra-
excess and 226Ra-210Pb methods for the dating of recent marine biogenic 
carbonates have been discussed in several recent papers.  Their 
application spans respectively a few thousand to ca. 100 years.  The 
226Ra-method is based on the assumption of a constant initial 226Ra/Ca 
ratio in a given oceanographycal setting.  However, radium 226 has a 
nutrient-type behavior in the ocean and the constancy of its ratio to Ca, 
over extended periods of time at any location in the deep ocean, is 
questionable.  It has been proposed to correct for this initial 226Ra-
excess by normalizing 226Ra concentrations to those of Ba, since both 
elements present very similar chemical behaviors.  Here we examine 
226Ra-Ba-U systematics in aragonitic scleractinian deep coral, mostly 
lived collected specimens raised from the north Atlantic.  Thermo-
Ionization Mass Spectrometry permitted the measurement of radium 
226 using 1g of carbonate sample and uranium isotope contents, using 
0.1 g of carbonate.  Ba contents were determined by isotopic dilution 
using MC-ICP-MS and ICP MS techniques.  The aragonitic coral 
samples analyzed depict 226Ra activities ranging between 77.1 and 
117.79 * 10-3 dpmg (n = 8) and a robust linear 226Ra/Ba relationship.  
However, the slope of this linear regression line (Ba/Ca = 0.36Ra/Ca-
0.01) differs slightly from the mean ocean trend line (Ba/Ca = 
0.12Ra/Ca+0.004), suggesting preferential Ba-uptake, a feature also 
reported in shallow corals.  Potential variation in this preferential Ba-
uptake raises concerns about the reliability of the 226Ra/Ba 
chronometer, but the use of a 230Th-derived chronology can provide 
precise information on the initial 226Ra-excesses and thus permit to 
discuss any differential Ra-Ba chemical behavior and/or diagenetic 
uptake process.  Interestingly, Ra/U ratios depict a strong linear 
relationship in the studied samples (Ra = 28.6U+7.5).  The linear 
relationships between Ra, Ba and U concentrations, particularly the 
Ra/U ratio behavior, open new prospects, and provide new information 
on the mechanism of incorporation of such elements in the aragonitic 
lattice of deep Sea corals.  Their relationships with factors such as 
temperature, salinity, alkalinity or growth rates (cf. "vital effect") need 
now to be further documented, as they have been in surface coral 
(notably the thermodependance of the U/Ca ratio). 
 
EXTRACTION OF STRATIGRAPHIC AND GEOLOGIC 
FACIES INFORMATION FROM 3D SEISMIC DATA SETS – 
FROM NON-MARINE TO DEEP-WATER ENVIRONMENTS  

POSAMENTIER, H.W., Anadarko Petroleum Corporation, 425 
1st Street SW, Calgary, AB, T2P 4V4, 
henry_posamentier@anadarko.com 

3D seismic data presents the geoscientist with an unprecedented view 
of the subsurface.  Such data can in many instances, afford an 
astonishingly clear view of the “lay of the land” as it existed in the 
geologic past.  To stratigraphers and sedimentologists, these data 
represent an exciting new frontier that promises to provide new insights 
as to temporal and spatial relationships between depositional elements 
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as well as to preservation potential of such elements.  Seismic 
stratigraphy in conjunction with seismic geomorphology, calibrated by 
borehole data, has elevated the degree to which seismic data can 
facilitate geologic interpretation.  Interpreters can visualize details of 
complex depositional systems that can be incorporated into borehole 
planning for exploration as well as development needs so as to improve 
risk management significantly. 
Imaging of shallow-buried depositional systems can provide useful 
analogs for similar but more deeply-buried and more poorly-resolved 
systems.  This is especially true for deep-water deposits, where shallow 
buried Pleistocene turbidite systems have contributed significantly to 
the understanding of their stratigraphic architecture and lithologic 
distribution. 
 
BIG RIVERS:  RESPONSE TO TECTONICS AND CLIMATE  

POTTER, P.E., Department of Geology, University of Cincinnati, 
Cincinnati, Ohio, 45221-0013, USA, cannelss@email.uc.edu, and 
HAMBLIN, W.K., Department of Geology, Brigham Young 
University, Provo, Utah, 84602, USA 

This presentation explores the geologic controls and probable inception 
of modern river systems -- 22 in Eurasia, 15 in the Americas, 7 in 
Africa, and one in Australia that together cover about 31% of the 
surface area of these six continents.  With the exception of the Po and 
Jordan rivers, all these rivers have substantial drainage basins.  Plate 
tectonics, climate (desertification or glaciation), and changes in relative 
base-level are the principal processes that determine the location and 
size of the drainage basins of these big river systems.  They have also 
controlled their stream patterns and longevity over the past 4.2 billion 
years or longer.  Together, these three controls go far to define the 
geologic history of the watersheds of large rivers.  Of the three, plate 
tectonics is easily the dominant factor in the long course of Earth 
history, although both climate and base level-change, when extreme, 
can be decisive. 
The history of these drainage systems, never easy to establish, is 
instructive.  The breakup of Gondwana and the closing of the Tethyan 
Ocean were responsible for much of the world’s present drainage.  The 
closure of Tethys created most of the mountain chains and basins of 
southern Eurasia, from Spain to Vietnam, a distance of some 13,000 
km.  A second important result is that numerous rivers came into 
existence, essentially in their present form, in the Miocene, even though 
a few have ancestors traceable to the Carboniferous and perhaps earlier.  
An intriguing possibility is that some of the world’s oldest rivers may 
drain to the Arctic Ocean in Siberia.  Plate tectonic influence on large 
rivers is established by identifying the relative importance of 
continental tilting, regional uplift and warping, rifting, suturing, 
doming (hot spots), volcanism and basement grain. 
 
A REVIEW OF THE GEOCHRONOLOGICAL CONSTRAINTS 
ON THE EVOLUTION OF  THE KAAPVAAL CRATON, 
SOUTHERN AFRICA  

POUJOL, M., Inco Innovation Centre, Memorial University of 
Newfoundland, St. John’s, NL, Canada, A1B 3X5, 
mpoujol@esd.mun.ca 

The assembly of the Kaapvaal Craton took place episodically over a 
1000 Ma period (3500 to 2500 Ma).  Constraining the timing and 
duration of the principal magmatic events is best achieved by the 
craton-wide application of accurate U-Pb dating.  For the purposes of 
description, the craton has been subdivided into eastern, central, 
northern and western domains. 
The oldest rocks recognized thus far are located in the eastern part of 
the craton with plutonic and vol-canic activity between 3550-3250 Ma.  
In the central domain the oldest xenocrysts give ages at around 3480-
3425 Ma.  In the northern domain, the oldest xenocryst is dated at c. 
3364 Ma, while in the western domain the oldest is at c. 3428.  
Although these dates are rare, they indicate a record of geological 
activity older than the main activity in the central, northern and western 
domains. 
Subsequent to the formation of the Barberton greenstone belt in the 
eastern domain other parts of the craton were characterized by 

significant magmatism.  A phase of granitoid emplacement took place 
be-tween 3200 and 3170 Ma in the north, central and western domains, 
while little or no activity was re-corded in the east.  A major phase of 
igneous activity is then recorded throughout the craton between 3110 
and 2970 Ma.  This corresponds to the intrusion of the composite 
potassic batholiths as well as younger plutons in the eastern domain at 
around 3100 Ma, while volcanic activity started in northern and 
western domains.  At about the same time, the central part of the craton 
experienced volcanic activity accompanied by emplacement of granite 
plutons in the northern domain, as well as in the central part of the 
craton.  Around 2980-2970 Ma, a further period of igneous activity 
took place in the north and in the east.  The eastern and central domains 
subsequently recorded almost no magmatic activity until 2800 Ma.  By 
contrast, the northern and western domains were magmatically active at 
this time with the emplacement of numerous plutons at around 2880-
2820 Ma.  This period corresponds to the deposition of the Central 
Rand Group in the Witwatersrand Basin.  Magmatic activity was 
present to the north of the craton at around 2780-2770 Ma, while both 
volcanic and magmatic activity was prominent to the west, whereas 
both the eastern and central parts of the craton were dormant.  Finally, 
another pulse of magmatic activity occurred throughout the craton at 
around 2750-2700 Ma. 
 
LATE STAGE ULTRAHIGH-PRESSURE METAMORPHISM IN 
THE NORTH-EAST GREENLAND CALEDONIDES:  U-Pb 
SHRIMP GEOCHRONOLOGY OF COESITE-BEARING 
ZIRCONS  

POWER, S.E.1, siobhan-power@uiowa.edu, MCCLELLAND, 
M.C.2, GILOTTI, J.A.1, HALLETT, B.W.2 and WOPENKA, B.3,  
1 Department of Geoscience, University of Iowa, Iowa City, IA  
52242;  2 Department of Geological Sciences, University of Idaho, 
ID  83844;  3 Department of Earth and Planetary Sciences, 
Washington University, St. Louis, MO  63130 

The Scandian Orogeny resulted from the collision of Laurentia and 
Baltica at the final closure of the Iapetus Ocean.  This collision caused 
the generation of ultrahigh-pressure (UHP) metamorphism at 
approximately 400 Ma in the Western Gneiss Region of Norway on the 
Baltic margin, but its effects were less well understood on the 
Laurentian margin.  Laser Raman microprobe identification of coesite 
within zircons from the North-East Greenland Caledonides and U-Pb 
SHRIMP age dating of similar growth domains show that the collision 
resulted in UHP metamorphism on the Laurentian margin also. 
U-Pb SHRIMP geochronology and Raman spectroscopic inclusion 
analysis were carried out on zircons from kyanite eclogites and their 
host quartzofeldspathic gneisses from an island in Jokelbugt (78° 00’ 
N, 18° 04’ W), NE Greenland.  The eclogites occur in several trains of 
banded mafic boudins, with individual pods up to 50 × 100m in width 
and length that can generally be traced along the length of the island.  
Leucocratic pegmatites locally occur in the boudin necks.  Inclusions 
from more than 1700 clear, sub-spherical, metamorphic zircons were 
individually Raman analysed, and among them, only seven coesite 
inclusions (diameters of 15-50 micrometers) could be found, which 
occurred in three eclogite samples and one host gneiss.  Other eclogite 
facies minerals, however, such as garnet, omphacite, kyanite and rutile 
were found to be abundant in zircons from all samples.  U-Pb zircon 
analysis of two coesite bearing eclogite samples and the host gneiss 
sample defined multiple age domains that can be identified on the basis 
of cathodoluminescence images.  Domains similar to those that enclose 
coesite in each of the three samples give ages of 358 ± 3, 362 ± 7, and 
365 ± 4 Ma.  Younger zircon rim domains with ages of 343 ± 6, 344 ± 
2, and 349 ± 3 Ma were observed in each of the samples.  These ages 
are equivalent to those determined for boudin neck pegmatites.  The 
results indicate that UHP metamorphism occurred at approximately 360 
Ma in the NE Greenland Caledonides.  This is later than HP 
metamorphism in other parts of the Greenland Caledonides, and 40 Ma 
later than HP and UHP conditions were reached in the Western Gneiss 
Region of Norway on the Baltic margin of the Caledonian Orogen. 
 
RATES OF LITTER DECOMPOSITION IN B.C. FORESTS:  
CONTROLLING FACTORS AND INFLUENCES OF 
FORESTRY ACTIVITIES  
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PRESCOTT, C.E., Department of Forest Sciences, University of 
British Columbia, Vancouver, V6T 1Z4, BC, Canada, 
cindy.prescott@ubc.ca 

Four commonly held beliefs about litter decomposition rates were 
tested in a suite of field experiments in BC forests: 1) decomposition is 
slower in cold (northern and high-elevation) forests, 2) decomposition 
is faster in clearcuts than in forests, 3) broadleaf litter decomposes 
faster than needle litter, and 4) decomposition is faster in N-fertilized 
forests.  Decomposition of standard litters was slowest in dry 
biogeoclimatic zones and fastest in wet zones.  Overall, it appears that 
moisture is more limiting than temperature for litter decomposition 
across BC.  The effect of clearcutting on litter decomposition rates 
varied among forest types.  On a province-wide basis, mass loss of pine 
needle litter was significantly slower in clearcuts than in adjacent 
forests, but this difference disappeared after 3 years.  Aspen leaves and 
forest floor material decomposed at similar rates in forests and 
clearcuts.  Decomposition of broadleaf litter was slightly faster than 
needle litter during the first two years but slowed in subsequent years.  
After 3 years there was no significant difference between the mass 
remaining for broadleaf and conifer litter.  Higher N concentrations in 
litter or in forest floors in N-fertilized plots did not affect its rate of 
decay.  Many of our beliefs about litter decomposition and influences 
of forestry practices thereon should be revised in light of new empirical 
evidence. 
 
EFFECTS OF FOREST FERTILIZATION ON C 
SEQUESTRATION AND GHG EMISSIONS  

PRESCOTT, C.E.1, cindy.prescott@ubc.ca, GRAYSTON, S.J.1, 
BASILIKO, N.1, BULL, G.Q.2, MOHN, W.W.3, NORTHWAY, 
S.2, SEELY, B.A.1 and WEETMAN, G.F.1,  1 Department of 
Forest Sciences, University of British Columbia, 2424 Main Mall, 
Vancouver, BC, V6T 1Z4;  2 Department of Forest Resources 
Management, University of British Columbia, 2424 Main Mall, 
Vancouver, BC, V6T 1Z4;  3 Department of Microbiology and 
Immunology, University of British Columbia, 6174 University 
Boulevard, Vancouver, BC, V6T 1Z3 

The productivity of much of Canada's vast forest landbase is limited by 
availability of nutrients, particularly N.  Forest fertilization has been 
demonstrated to increase productivity of many forest types; this has an 
associated benefit of increased C sequestration in biomass.  There is 
mounting evidence that N fertilization will also increase C 
sequestration in soil organic matter, as greater N availability appears to 
interfere with litter decomposition causing more C to become humified.  
Several long-term fertilization trials in B.C. provide an opportunity to 
quantify effects of N addition on C sequestration in vegetation and soil 
organic matter.  Since Article 3.4 of the Kyoto Protocol permits the 
inclusion of carbon sinks, the study will assess the potential to create 
carbon credits from the increased storage in all carbon pools on the 
forest landscape.  Coincident determination of the effects of 
fertilization on emission of N2O and consumption of CH4 is critical as 
the greenhouse warming potential of these gases is substantially greater 
than that of CO2.  Effects of fertilizers on N2O emission from and CH4 
oxidation in forest soils are complex and contradictory and essentially 
unknown because methods for studying the microorganisms 
responsible for emission and consumption of these gases did not exist 
until recently.  We will use state-of-the-art molecular methods to 
identify the soil microorganisms responsible for N2O production and 
CH4 oxidation, and in parallel measure actual N2O, CO2, and CH4 
fluxes from these soils.  Development of microbial indicators as tools 
to detect soil GHG emission activity will be a key goal of this project. 
 
MANAGING SOIL FERTILITY ON AGRICULTURAL SOILS 
AMENDED WITH PAPER BIOSOLIDS  

PRICE, G.W. and VORONEY, R.P., Dept. of Land Resource 
Science, Univ. of Guelph, N1G 2W1, gprice@uoguelph.ca 

A paper biosolid originating from the waste stream of a paper recycling 
plant in southern Ontario was applied to three differently textured 
agricultural soils.  The biosolid was applied at rates of 0, 50, 100, and 
150 t ha-1 and all sites were planted in corn.  Over a three year period, 
both corn and biosolid were managed for nitrogen fertility by applying 

three rates of supplemental nitrogen fertilizer (0.5, 1.0, and 1.5 kg 
N/tonne of biosolid), in addition to crop requirement nitrogen based on 
Ontario Ministry of Agriculture recommendations for spring preplant 
soil nitrate tests.  Corn yields were maintained or slightly increased at 
the two higher rates of supplemental nitrogen and all biosolid 
treatments over the course of the experiment.  Treatment differences 
resulting from soil texture were also observed. 
 
SURFICIAL MAPPING DATA AND REGIONAL PLANNING  

PRONK, T. and ALLARD, S., New Brunswick Department of 
Natural Resources, Geologicial Surveys Branch, P.O. Box 6000, 
Fredericton, NB, Canada, E3B 5H1, toon.pronk@gnb.ca 

Surficial mapping has aided mineral exploration and groundwater 
research for many years.  During the past two decades large areas of 
New Brunswick have been the subject of surficial mapping and till 
geochemical surveys.  This has aided mineral exploration in many areas 
of New Brunswick.  It also has assisted in producing a province-wide 
forest soils map for New Brunswick.  With mapping completed over 
large continuous areas of the province it is possible to use the existing 
data (bases) in the production of multipurpose maps that can be utilized 
in land use planning, determination of hazard potential, and modeling 
of (forest) soil hydrology.  The use of advanced computer technology 
and integrated data management has made these new applications 
possible. 
The procedure that we have followed incorporates landform mapping, 
till lithology studies, and grain size analysis.  This is aided by outlining 
colluvial slopes with the use of a digital terrain model, outlining fluvial 
deposits with the help of aerial photography interpretation, and the 
comparison of soil parent material colors.  The units that were thus 
established show a great degree of uniformity.  Field and laboratory 
data are added to the map to make it more versatile in the field.  We 
also hope to make this map available in digital format on the Surveys 
Branch website and make it interactive in order for the user to get 
“behind” the map and access the field and laboratory data that is 
available for all sites.  This includes soil profile description, grain size 
distribution, till clast lithology, and till geochemisty. 
 
MIOCENE CLIMATE EVOLUTION AND OCEAN 
CIRCULATION WITHIN THE MURRAY BASIN, SOUTH 
AUSTRALIA: BRACHIOPOD STABLE ISOTOPES (δ13C AND 
δ18O) FROM A TERTIARY EPEIRIC RAMP  

PUFAHL, P.K., JAMES, N.P., KYSER, T.K., Department of 
Geological Sciences and Geological Engineering, Queen’s 
University, Kingston, ON, K7L 3N6, Canada, 
pufahl@geol.queensu.ca; LUKASIK, J.J., Petro-Canada, PO Box 
2844, Stn M, Calgary, AB, T2P 3B3, Canada, and BONE, Y., 
School of Earth and Environmental Sciences, University of 
Adelaide, Adelaide, SA, 5005, Australia 

The stable oxygen and carbon isotopic composition of Early to Middle 
Miocene brachiopods from shallow marine, cool-water carbonates of 
the Murray Basin contain an excellent record of ocean-climate change 
modified by regional and global events.  These variably fossiliferous 
heterozoan deposits accumulated on a low-energy, mesotrophic, 
centripetal epeiric ramp during a gradual shift in climate from cool, wet 
conditions and abundant river-borne nutrients to a seasonal, warm 
climate with reduced trophic resources.  This transition is interpreted to 
reflect the onset of warmer global temperatures associated with the 
Miocene Climate Optimum (14 to 17 Ma), exacerbated by the 
northward movement of Australia into lower latitudes. 
δ13C and δ18O secular variation curves record the internal, basinal 
response to this warming as well as open ocean isotopic signals.  The 
globally recognized Middle Miocene Monterey Event dominates the 
carbon isotopic record, albeit with higher than typical dδ13C values 
(~+1.0‰ higher).  The record of this long-term positive δ13C excursion 
indicates free exchange between the Murray Basin and Southern Ocean 
that produced a well-mixed water mass.  The higher δ13C values are 
attributed to greater than open ocean levels of primary productivity, 
stimulated by the abundance of terrestrially-derived nutrients.  The 
oxygen isotope curve in the Murray Basin is dampened with respect to 
the global deep-sea curve and generally contains lower than average 
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δ18O values (~-1.0‰ lower), both of which are ascribed to mixing of 
isotopically light river water. 
These data show that neritic, cool-water carbonates are an excellent 
gauge of regional and global environmental change.  Such deposits 
however, are generally underutilized in paleoceanographic studies 
because their chemistry is usually thought to reflect meteoric 
diagenesis.  When alteration can be shown to be minimal, their 
accumulation at the interface between the terrestrial and oceanic realms 
provides a surprisingly sensitive record of local forcing factors such as 
climate and nutrient availability. 
 
METAMORPHIC EVOLUTIONARY HISTORY OF VMS Cu-Ag 
DEPOSITS OF ABUROAD-BASANTGARH BELT (ABB) FROM 
PRECAMBRIAN OF RAJASTHAN, INDIA  

PUROHIT, R., Post Doctorate Fellow, Department of Geology, 
M.L.S. University, Udaipur -313001, Rajasthan, India, 
ritesh_purohit@rediffmail.com 

Aburoad-Basantgarh Belt (ABB) from constitutes rocks of 
Mesoproterozoic Delhi Supergroup and Neoproterozoic magmatic and 
metasedimentary rocks.  Aburoad (240 40’: 720 40’) to Basantgarh 
(240 44’: 760 00’) belt emerges to be the type area for the study for the 
Cu-Ag deposits of VMS origin. 
The time span between ca. 1700 to 1450 Ma for the evolution of the 
Delhi fold belt (DFB) corresponds to early half of the Mesoproterozoic.  
Geochronological data are emerging in favour of tectonothermal 
reconstitution of DFB between 1100 and 950 Ma.  There is evidence of 
development of deep crustal shear zones, which helped exhumation of 
granulites as under-thrusted bodies.  The huge acid-basic magmatism in 
this part occurs within and along the Delhi Fold Belt.  The occurrence 
of high pressure Blue Schist facies rocks on the southeastern margin of 
the region are interpreted as result of collision environment.  
Metamorphism of high pressure type in the rocks of the blue schist 
facies, medium-high pressure in basic granulites of Mawal-Balaram 
region and low medium pressure in calciphyres, calc-silicates and 
metasediments could be the result of collision events occurred at 
various periods between 1000-730 Ma.  ABB shows presence of an 
interesting ensemble that include, besides the metasedimentary rocks, 
pillowed basalt, pillowed dacite-andesite, banded metagabbro and 
meta-pyroxenite. 
The importance of rthe ocks of this belt lies in the occurrence of VMS 
deposits.  The deposits near Watera and Pindwara are hosted by 
amphibolites and metapelites. Structurally the deposits bear shear 
controlled fabric in a mylonitized tectonic mélange zone.  Basantgarh 
deposits show dismembered ophiolitic affinity, emplaced in the 
proximity of a continental margin and show island arc.  Ambaji Deri 
VMS deposits are rift related and show back arc setting.  The 
geochemistry of pelitic granulites and associated metasediments 
indicates Passive continental margin settings with arc magmatism 
(granites) and basic rocks of subduction related characters.  All these 
features indicate instability of the shelf environment leading to 
fracturing, rifting and outpouring of lava mostly of bimodal nature. 
Present study dates the metamorphic event of charnockitization of 
Mawal-Balaram rocks at 757 Ma (single zircon) with the 
Neoproterozoic Malani phase.  The charnokitic rocks indicate that the 
event of dry metamorphism was the last anorogenic activity in the 
ABB.  The last metamorphic event probably holds the key to the source 
of various VMS deposits reported from ABB.  The genetic model for 
the deposits has to be rebuilt in light of this new information as the 
source of heat at deeper levels is still unidentified. 
 
ORIGIN AND ISOTOPIC EVOLUTION OF THE MUSKOX 
INTRUSION, NUNAVUT  

PURVES, M.C., HEAMAN, L.M., CREASER, R.A., 
SCHMIDBERGER, S.S., SIMONETTI, A., Department of Earth 
and Atmospheric Sciences, University of Alberta, Edmonton, AB, 
T6G 2E3, mpurves@ualberta.ca, and FRANCIS, D., Department 
of Earth and Planetary Sciences, McGill University, 3450 
University Street, Montreal, QC, H3A 2A7 

The 1.27 Ga Muskox Intrusion, located in the Slave Province, is a 
layered mafic/ultramafic intrusion consisting of ultramafic cumulates, 
gabbro-norite and granophyre.  The overlying flood basalts of the 
Coppermine River Group and the associated 1.27 Ga Mackenzie dyke 
swarm are together referred to as Mackenzie Igneous Events and 
represent one of the world’s largest and best-preserved Proterozoic 
Large Igneous Provinces.  However, the existing Sr and Nd isotopic 
data for these various manifestations of Mackenzie Igneous Events do 
not support a common mantle source region.  A suite of samples 
representing a transect through the Muskox intrusion and its feeder 
dyke, and previously used in a detailed geochemical study, were 
investigated for whole rock Hf and Nd isotopes and in situ laser 
ablation MC-ICP-MS Pb and Sr isotopes in plagioclase.  The in situ Sr 
isotope plagioclase analyses for four mafic/ultramafic rocks, three 
olivine gabbro-norites (Keel Dyke, two samples from Megacycle 1) 
and a websterite from Megacycle 3, yield compositions that vary 
between 0.70755±5 (Megacycle 1) to 0.70570±6 (Megacycle 3) and 
generally are in agreement with the least contaminated samples from 
previous whole rock Sr isotope studies.  In situ Pb isotope compositions 
were obtained for the same plagioclase grains used in the Sr isotope 
study.  The feldspar Pb isotope compositions for each sample define 
similar linear arrays with 206Pb/204Pb and 207Pb/204Pb ratios that vary 
between 15.17-16.99 and 14.64-16.21, respectively indicating the 
involvement of both low and high mu reservoirs in the Pb isotope 
evolution of the Muskox magma(s).  The Nd isotope whole rock 
compositions are in excellent agreement with previous studies, with >Nd 
(1270 Ma) values in the range of –1.6 and –0.2.  New whole rock Hf 
isotopic data for eight samples display a narrow range in >Hf (1270 Ma) 
between –0.3 and +3.2 with five of the samples tightly clustered at >Hf 
= +1.4±0.1.  In general the Nd and Hf whole rock isotopic data suggest 
derivation from a chondrite-type reservoir and do not display isotopic 
signatures of a depleted mantle source, such as those observed in 
previous studies of the Coppermine River flood basalts. 
 
ADDRESSING GEOSCIENCE KNOWLEDGE PRIORITIES IN 
THE NORTHWEST TERRITORIES:  BASIN ANALYSIS OF 
PEEL PLATEAU AND PLAIN REGION, NORTHERN 
MACKENZIE CORRIDOR  

PYLE, L.J., Centre for Earth and Ocean Research, University of 
Victoria, Box 1700, Victoria, BC, V8W 2Y2, lpyle@uvic.ca and 
JONES, A.L., Northwest Territories Geoscience Office, 
Yellowknife, NT, X1A 2R3, Adrienne_Jones@gov.nt.ca 

The Northwest Territories Geoscience Office (NTGO) supports the 
development of geoscience projects with outcomes similar to those of 
the Geological Survey of Canada's (GSC) Northern Resources 
Development Program.  These include increasing investment in 
northern energy resources by stimulating exploration activity and 
supporting the Northwest Territories (NWT) as a significant contributor 
to Canada's energy supply.  An inadequate geoscience knowledge base 
impedes exploration, investment, and development.  Peel Plateau and 
Plain (Peel Region) is a prospective but under-explored region in NWT 
that will be the focus of a multi-year, integrated geoscience project.  
This project was conceived following a client workshop in September 
2004, and a workplan with deliverables and target results will be 
finalized by March 2005. 
The Peel Region contains relatively undeformed strata of the Interior 
Platform that lie west of the Mackenzie River in proximity to the 
proposed Mackenzie Gas Project pipeline route.  Deformed strata of 
Richardson Mountains and Mackenzie Mountains border the Peel 
Region to the west and south, respectively.  The supracrustal wedge 
tapers eastward and is composed of two distinct stratigraphic packages:  
a Paleozoic "passive" margin succession overlain by strata deposited in 
a Mesozoic foreland basin setting akin to the Western Canada 
Sedimentary Basin.  Although there have been no major petroleum 
discoveries to date, the Peel Region is attractive as a prospective 
petroleum province. 
The lack of a detailed stratigraphic framework with biostratigraphic 
control, coupled with discrepancies between existing surface and 
subsurface stratigraphic nomenclature preclude a comprehensive basin 
analysis of the region.  To address these and other knowledge gaps, a 
multi-disciplinary team will examine stratigraphic correlation, 
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depositional systems, biostratigraphy, and thermal maturation histories 
with the goal to better understand the area's petroleum systems and 
potential.  The project will be managed by NTGO with participation 
from GSC, university, and industry partners.  One initial area of focus 
will be a field-based study of the Lower Paleozoic succession 
(Mackenzie-Peel Shelf to Richardson Trough) complemented by 
subsurface data and laboratory-based investigations of microfossils, 
petrology, and geochemistry.  The goals are to: 1) document and 
correlate surface and subsurface stratigraphy including sedimentary 
facies distributions, biostratigraphy, and nature of regional 
unconformities, 2) elucidate the sedimentary history including 
responses to tectono-stratigraphic events and sea level changes, and 3) 
refine assessments of hydrocarbon potential in the strata.  Our map of 
the Peel Region shows a preliminary compilation of existing data in the 
study area and identifies knowledge gaps that will be addressed by this 
new petroleum geoscience project. 
 
SEISMIC VELOCITIES, ANISOTROPY AND POISSON’S 
RATIOS OF ULTRAHIGH-PRESSURE METAMORPHIC 
ROCKS FROM THE DABIE-SULU OROGENIC BELT, CHINA:  
IMPLICATIONS FOR CRUSTAL COMPOSITION  

QIN, W., JI, S., Département des Génies Civil, Géologique et des 
Mines, École Polytechnique de Montréal, Montréal, QC, H3C 
3A7, sji@polymtl.ca, SALISBURY, M.H., Geological Survey of 
Canada-Atlantic, Bedford Institute of Oceanography, P.O Box 
1006, Dartmouth, NS, XIA, B., Laboratory of Marginal Sea 
Geology, Guangzhou Institute of Geochemistry, Chinese 
Academy of Sciences, Guangzhou, China, PAN, M., Geological 
Survey of Jiangsu Province, Nanjing, China, and XU, Z., Chinese 
Continental Scientific Drilling, Institute of Geology, Chinese 
Academy of Geological Sciences, Beijing, China 

Compressional and shear wave velocities (Vp and Vs), pressure 
derivatives, anisotropy and shear wave splitting have been measured at 
pressures up to 600-800 MPa for ultrahigh-pressure (UHP) 
metamorphic rocks from the Dabie-Sulu orogenic belt, China, with a 
focus on three types of eclogites.  Type-1 eclogites are coarse-grained, 
unaltered samples showing high densities (3.56±0.05 g/cm3) and high 
Vp and Vs values;  Type-2 eclogites are fine-grained, sheared Type-1 
materials with moderate densities (3.46±0.07 g/cm3) and intermediate 
Vp and Vs values;  Type-3 eclogites are overprinted by amphibolite-
facies metamorphism and display relatively low densities (3.35±0.04 
g/cm3) and low Vp and Vs values.  Type-1 eclogites are richer in Al2O3 
and MgO but poorer in SiO2 and NaO2 than Type-2 and Type-3 
eclogites.  For the eclogites in the linearly elastic regime: Vp = 8.42 + 
1.41×10-4P and Vs = 4.76 + 1.36×10-4P for Type-1, Vp = 7.80 + 
1.58×10-4P and Vs = 4.44 + 1.77×10-4P for Type-2, and Vp = 7.33 + 
2.04×10-4P and Vs = 4.17 + 1.26×10-4P for Type-3, where Vp is in 
km/s and P in MPa.  These eclogites at 600 MPa have Vp/Vs = 
1.756±0.044 and the Poisson’s ratio F = 0.259±0.018.  Anisotropy of 
Type-1 and Type-2 eclogites is generally low (<4%) because 
volumetrically important garnet is elastically quasi-isotropic, while 
Type-3 eclogites can exhibit high anisotropy (>10%) due to the 
presence of strongly anisotropic retrograde minerals such as amphibole, 
plagioclase and mica. The compositional layering and retrograde 
metamorphism can result in significant anisotropy and shear wave 
splitting in eclogites, suggesting a plausible contribution to seismic 
anisotropy in the lower crust, upper mantle and particularly in 
subducted slabs.  Integrating the P- and S-wave velocity results with 
reliable data from previous studies, we determined new estimates of the 
pressure and temperature derivatives of Vp, Vs and Poisson’s ratios for 
common rock types in the UHP metamorphic belt.  Using the geometric 
means as a mixture rule, we inverted the lithological and chemical 
compositions of the layered crust from seismic refraction velocities.  
The inferred crustal composition suggests that the eclogite-bearing 
UHP rocks are tectonic slices of crust, which have been thrust along a 
series of shear zones during the continental collision between the North 
China and Yangtze cratons, over a normal UHP-free middle-lower 
crust with overall intermediate composition.  Furthermore, the 
subducted crustal materials, which are preserved in the present-day 
upper mantle as eclogite layers intercalated with felsic gneiss, garnet-
jadeite quartzite, marble and serpentinized peridotite, could be 

responsible for regionally observed seismic reflectors in the upper 
mantle from the Moho to about 110 km beneath the Dabie-Sulu region. 
 
PATHFINDER MINERALS FOR ATHABASCA BASIN 
UNCONFORMITY-TYPE URANIUM DEPOSITS  

QUIRT, D.H., Saskatchewan Research Council, 15 Innovation 
Blvd., Saskatoon, SK, S7N 2X8, quirt@src.sk.ca 

Pathfinder minerals are those minerals that are diagnostic indicators of 
the mineralizing system under investigation.  The unconformity-type 
uranium deposits of the Athabasca Basin (northern Saskatchewan and 
Alberta), a major global uranium resource, display a suite of host-rock 
alteration minerals.  These deposits have many common characteristics 
and include two main types of ore paragenesis.  Sandstone-hosted 
egress-type deposits (eg. Cigar Lake, Collins Bay) are located at and 
immediately around the sub-Athabasca unconformity and formed 
through mixing of two fluids (oxidized sandstone brine and relatively 
reduced basement fluids).  Basement-hosted ingress-type deposits (eg. 
Rabbit Lake, Eagle Point, Sue C) are fault zone-hosted, located below 
the sub-Athabasca unconformity, and formed through fluid-rock 
reactions between oxidizing sandstone brine and basement wall rock. 
Concurrent with mineralization, acid-base and redox-controlled 
reactions resulted in the formation of host-rock alteration haloes at sites 
of basement-sandstone interaction.  The haloes typically include 
illitization, chloritization, and desilicification features, and consequent 
accumulations of clay minerals and refractory detrital minerals like 
zircon, Fe-Ti oxide, and tourmaline.  In sandstone, host-rock alteration 
mineralogy is dominantly illitic with restricted but locally dominant 
chlorite, both at the expense of kaolin, dravitic tourmaline is locally an 
important alteration constituent, and minor phosphate, carbonate, and 
sulphide mineral enrichment is typical.  Around basement deposits, 
host-rock alteration is dominantly chloritic with lesser illite at the 
expense of biotite, cordierite, and garnet.  Only rare expressions of 
host-rock alteration are present in sandstone above basement deposits. 
Post-mineralization retrograde diagenesis resulted in local low 
temperature clay mineral alterations. 
The quantities, mineralogy, and mineral chemistry of pathfinder 
minerals vary with proximity to mineralization.  Absolute and relative 
quantities of illite increase toward mineralization with both illite 
polytype and chemical composition being related to deposit genesis.  
Alteration illite contrasts with diagenetic illite in grain size, polytype, 
and composition. Chlorite quantity, type, and composition also change 
near mineralization.  Both illite and chlorite form at the expense of 
diagenetic dickitic kaolin, while the presence of abundant relict 
kaolinite in the sandstone suggests that fluid flow related to potential 
mineralization has not occurred.  Neoformation of dravite, siderite, 
sulphides (pyrite and/or chalcopyrite), and crandallite-group phosphate 
is typical in the altered rocks. 
Lithogeochemistry provides a view of pathfinder mineral distributions, 
but mineralogical analysis provides the details of diagenetic minerals 
and diagenetic-hydrothermal pathfinder minerals to allow delineation 
of Regional/District-scale features.  Local/Deposit-scale features 
provide uranium exploration targets for both sandstone- and basement-
hosted mineralization. 
 
DIAMOND CHEMICAL FINGERPRINTING USING 
SYNCHROTRON X-RAY FLUORESCENCE  

QUIRT, D.H.1, quirt@src.sk.ca, SITEPU, H.2, CUTLER, J.3, 
KOTZER, T.3 and KOPYLOVA, M.2,  1 Saskatchewan Research 
Council, 15 Innovation Blvd., Saskatoon, SK, S7N 2X8;  2 

University of British Columbia, Vancouver, BC, V6T 1Z4;  3C 
anadian Light Source Inc., 101 Perimeter Rd., Saskatoon, SK, 
S7N 0X4 

The chemical composition of diamond is of particular interest in 
geochemistry and mantle petrology as the presence of chemical 
impurities and solid (micro-)inclusions in diamonds provides a means 
for chemically fingerprinting diamond, infor studying diamond 
provenance, for providing inferences into diamond origin, and for 
classifying diamonds into parageneses (provenance).  Diamond 
chemical fingerprinting, along with diamond morphology and other 
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characteristic features, can help identify “conflict” diamonds, currently 
a hot political issue.  Several chemical analytical methods, like LA-
ICP-MS and electron microprobe, have historically been used to 
examine the chemical composition of diamonds, but they are 
destructive to some extent to the specimen.  Therefore, use of a non-
destructive analytical method to chemically characterize diamond 
impurities is desired. 
The chemical compositions of several suites of eclogitic and peridotitic 
diamonds from South Africa and Canada were analysed using facilities 
at the Advanced Photon Source (APS).  Advantages of the synchrotron 
source are the substantial X-ray penetration depth and spatial 
resolution, and the non-destructive analyses.  The synchrotron X-ray 
fluorescence (SXRF) spectra were collected at the COMmercial 
Collaborative Access Team (COM-CAT) 32ID beamline (bulk-sample 
analysis, spot size 1mm × 1mm) and the Pacific Northwest 
Consortium-Collaborative Access Team (PNC-CAT) 20BM and 20ID 
beamlines (bulk-sample analysis, spot size 2mm × 3mm; :, hereafter 
referred to as -SXRF mapping and analysis, spot size 4:m × 5:m) at 
photon energies of 12.5 keV and 20.0 keV. 
The diamond chemical composition data show some similarities in Fe, 
Cr, and Zn, but distinct differences in Ni, Sr, Zr, and Cu, between suites 
and also between parageneses within a suite.  These differences are 
caused by impurities in the diamond lattice and by (micro-) inclusions 
in the diamonds.  Eclogitic diamonds from various deposits typically 
show elevated Sr contents.  2D high-resolution trace element maps 
clearly display the locations and distributions of inclusions and show 
that trace elements, including Ni, are present in the lattice of natural 
diamond.  Concentrations of these elements in the lattices of intergrown 
crystals can be significantly different.  The presence of a measurable 
amount of Ni in a natural diamond is rare and more often is restricted to 
synthetic diamonds. 
 
THE PALEOPROTEROZOIC COVER SEQUENCES OF THE 
WESTERN CHURCHILL PROVINCE:  FROM THE BREAK-UP 
OF KENORLAND TO THE ASSEMBLY OF NUNA  

RAINBIRD, R.H., DAVIS, W.J., PEHRSSON, S.J. and 
WODICKA, N., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8, rrainbir@nrcan.gc.ca 

Sequence stratigraphic studies in concert with U-Pb dating offer a 
powerful tool for evaluating the correlation and tectonic development 
of sedimentary basins that can contribute to paleo-continental 
reconstructions.  The Paleoproterozoic cover sequence of the western 
Churchill province, northern Canada, comprises sedimentary basins 
overlying the Archean Rae and Hearne domains.  The Rae domain 
cover (Amer, Ketyet River, Penrhyn, Piling and Lake Harbour groups) 
includes a shallow marine-fluvial quartzarenite (lower) sequence with 
mainly Neoarchean detrital zircons of local provenance.  The upper part 
of the quartzarenite sequence locally includes carbonates ± mafic 
volcanic flows and records an abrupt but conformable transition to 
deeper water deposits.  Sandstones within this transition have a 
substantially different detrital zircon provenance signature dominated 
by early Paleoproterozoic zircons, with grains as young as 1.95 Ga.  
The deeper water (middle) sequence begins with black shales and 
platformal carbonates passing upward into siltstones and sandstones 
that record gradual emergence of the platform.  An unconformably to 
conformably overlying (upper) sequence of immature marine 
sandstones, including turbidites, has a significant component of 2.0-1.9 
Ga detritus that was probably derived from distal sources.  The 
thickness and relative compositional maturity of the lower sequence 
records a protracted period of enhanced weathering on a stable 
supercontinent (e.g. Kenorland).  This was followed by mafic 
volcanism and basin deepening, consistent with rifting and 
supercontinent break-up.  Overlying middle sequence strata indicate 
stable platform sedimentation along the margins of rifted continental 
blocks.  The upper sequence is interpreted to represent a foredeep that 
formed with basin closure during the initial amalgamation of Laurentia 
(part of Nuna) ca. 1.9 Ga.  The sequence stratigraphy and detrital zircon 
geochronology of the Hurwitz Group, which overlies the Hearne 
domain, is broadly similar to that of the Rae domain cover sequence, 
but the lower Hurwitz Group includes deposits of interpreted glacial 
origin that are absent from the Rae cover sequence.  Because similar 

glacial deposits occur on other cratons, including the Superior and 
Wyoming, it has been suggested the Hearne and Rae were widely 
separated at the time of glaciation (ca. 2.3 Ga).  Our correlations 
suggest that they were together by at least 1.9 Ga (i.e. max. age of 
deposition of the upper Hurwitz Group).  Definitive correlations 
between the Rae and Hearne cover sequences and inferences 
concerning their tectonic histories require precise depositional ages for 
key stratigraphic intervals. 
 
ANCIENT PANCONTINENTAL RIVER SYSTEMS REVEALED 
BY DETRITAL ZIRCON GEOCHRONOLOGY OF 
PROTEROZOIC CRATONIC SHEET SANDSTONES  

RAINBIRD, R.H., Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, Canada K1A 0E8, rrainbir@nrcan.gc.ca 

Prior to 400 Ma, the lack of substantial vegetative cover accompanied 
by a rigorous chemical and physical weathering regime promoted 
deposition of thick, quartzose, cratonic sheet sandstones, examples of 
which are preserved in several intercontinental Proterozoic basins in 
Canada.  The tectonic setting and provenance of these extensive 
deposits have been investigated by U-Pb dating of detrital zircon using 
a variety of analytical techniques over the past 15 years.  This research 
was initially applied to assess the provenance of fluvial sandstones of 
the early Neoproterozoic Shaler Supergroup in the Canadian Arctic.  
These and correlative sandstones exhibit consistent northwesterly 
paleocurrents suggesting that they derived from erosion of the adjacent 
craton.  Detrital zircon geochronology supported this assertion but the 
majority of the detrital zircons yielded late Mesoproterozoic ages, 
unlike the age of any known proximal source terrain, but quite similar 
to the age of extensive synorogenic plutons in the Grenville province of 
southeastern Laurentia.  This observation led to the development of a 
hypothesis whereby detritus was transported approximately 3000 km 
northwestward from the rising Grenvillian orogeny by a pan-
continental fluvial system.  The big-river hypothesis was tested by 
comparing the detrital zircon geochronology of the Shaler Supergroup 
with that of potentially correlative strata from the northern Canadian 
and southern U.S. Cordillera.  The results strongly supported the big-
river model and suggested that the fluvial system was laterally 
extensive and may have formed a broad cratonic sheet originating from 
multiple sources along the great length of the Grenvillian mountain 
front.  Proximal parts of the big-river system may be present in a 
westward-tapering wedge of coarse, immature clastic red-beds of 
interpreted Neoproterozoic age from the subsurface of western Ohio.  
Detrital zircons from these strata are overwhelmingly of 
Mesoproterozoic age with the bulk falling in the 1.2-1.0 Ga age span 
characteristic of the main collisional phase of the Grenvillian orogeny.  
These rocks were interpreted as the molassic phase of a previously 
unrecognized foreland basin to the Grenville orogen.  Remnants of the 
river system are now recognized in Neoproterozoic basins on several 
other continental blocks (e.g. Siberia, Baltica) that were rifted apart 
with the break-up of the supercontinent Rodinia and these have been 
used to help constrain its reconstruction.  Other examples of large-scale 
fluvial sheet sandstones are preserved in the late Paleoproterozoic 
Athabasca, Thelon and Amundsen basins and this is supported by 
recent provenance analyses employing detrital zircon geochronology. 
 
APPLICATION OF GIS TO SEABED GEOENVIRONMENTAL 
INVESTIGATIONS, CANADIAN BEAUFORT SHELF  

RAINEY, W.A., wrainey@nrcan.gc.ca, BLASCO, S.M., 
sblasco@nrcan.gc.ca, HARMES, R.A., rharmes@nrcan.gc.ca, 
and HYNES, S.E., shynes@nrcan.gc.ca, Geological Survey of 
Canada (Atlantic), P.O. Box 1006, Dartmouth, NS, B2Y 4A2 

The application of GIS technology to seabed geoenvironmental 
investigations is essential for the delivery of scientific, database and 
archival products.  Seabed research was active in the Beaufort Sea 
during the 1969-1991 time interval followed by a hiatus from 1991-
2001.  With renewed interest in hydrocarbon exploration and 
environmental issues, research was reinitiated in 2001.  Most historic 
data prior to 1991 exist only as hard copy while all new data are digital.  
GIS technology is needed for the spatial and temporal correlation and 
integration of multidisciplinary geophysical, geological, geotechnical 
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and biological data sets to meet scientific objectives.  Historic analogue 
data and maps must be digitized, georeferenced and imported into a 
GIS environment for correlation with new digital data.  Newly acquired 
data must be incorporated into a GIS for analysis, interpretation and 
archiving for future access.  In addition, all data must be accompanied 
by FGDC standardized metadata.  A new georeferenced digital 
Beaufort Shelf seabed morphology base map is required for spatial and 
temporal analyses in a GIS environment.  New methodologies such as 
multibeam mapping demand the use of GIS for analysis, correlation 
and interpretation. 
Seabed geoenvironmental research is currently focused on issues 
adversely affecting Arctic offshore hydrocarbon exploration and 
production.  GIS technology is being applied to mapping the regional 
distributions of extreme ice scour events and scour impact rates for 
correlation with geographic factors controlling these distributions.  
Investigating abandoned artificial exploration drilling island stability 
over a 25-year time frame is facilitated by the georeferenced correlation 
of scanned historic island morphology maps with new digital maps.  
Benthic habitat mapping requires the spatial correlation of seabed 
morphology, backscatter classification, benthic and pelagic taxonomy 
for the identification of seabed ecosystems.  GIS technology is essential 
for the correlation of biological and gas sample analyses with the 
distribution of small seabed features including pockmarks and mud 
volcanoes.  In addition, the investigation of the properties of marine 
clays disturbed by ice scouring processes requires accurate spatial 
correlation of sample sites with areas of high and no bottom 
disturbance to determine the impact of ice scouring on sediment 
properties. 
 
SUBDUCTION ORIGIN FOR EARTH'S EARLIEST 
CONTINENTAL FRAGMENTS: EXPERIMENTAL 
CONSTRAINTS ON ARCHEAN GRANITOID PETROGENESIS 
AND EVOLUTION OF CRATONIC LITHOSPHERE  

RAPP, R.P., Laboratoire Magmas et Volcans, Universite Blaise 
Pascal, 5, rue Kessler, Clermont-Ferrand cedex, 63038 France, 
rrapp@notes.cc.sunysb.edu 

The vast majority of early-mid Archean (~3.0-3.8 Ga old) continental 
crust is comprised of tonalitic-trondhjemitic granitoid (TTG) intrusives 
whose major- and trace-element characteristics are consistent with an 
origin by partial melting of garnet-bearing (eclogitic), hydrous mafic 
(basaltic) crust.  This implies that TTG magmatism and early continent 
growth in the Archean was associated with transport of basaltic 
(presumably oceanic) crust to depths appropriate to amphibolite-
eclogite facies, and that the transition from simatic to sialic crust took 
place by crustal overthickening along convergent “plate” boundaries 
(i.e., juvenile or “psuedo-” subduction zones).  However, the products 
of subduction zone magmatism in the Archean (i.e., TTG granitoids) 
are compositionally distinctly from the andesite-dominated calc-
alkaline products of arc magmatism that are prevalent in modern-day 
subduction zones, but resemble so-called “adakite” lavas that occur in 
association with, for example, ridge subduction, subduction of 
anomalously young (therefore hot and buoyant) oceanic lithosphere, or 
subduction of a slab “window”, and are most often attributed to “slab 
melting”.  The only major discrepancy between TTG granitoids and 
adakite lavas in modern subduction zones is in terms of “primitive” 
geochemical characteristics, including Mg-number (molar 
Mg/(Mg+Fe)) and Ni and Cr contents.  In TTG granitoids (relative to 
adakites), these parameters suggest that the relative contribution of 
mantle lithologies to granitoid petrogenesis in the early-mid Archean 
were insignificant, and therefore suggest that the distinct subducting 
slab-overlying mantle wedge geometry that prevails in modern 
subduction zones had not yet fully developed (Martin et al., 2005).  
Thus the tectonic framework in which early crustal growth and craton 
development occurred may have been unique and suggests that a model 
for “Archean flat subduction” (Smithies, 2004) may be appropriate.  In 
this and similar models, crustal thickening and transport of hydrous 
mafic crust to depths corresponding to the garnet-amphibolite to 
eclogite facies would occur by imbricate thrust-stacking of thick, hot, 
and buoyant Archean oceanic lithosphere, reminiscent of a scenario 
first envisaged by Helmstaedt and Schulze (1989).  The juxtaposition of 
cratonic nuclei, comprised of TTG intrusives, with a buoyant, depleted 

subjacent lithospheric root are reasonably visualized as a stacked 
structural melange containing a limited number of subcreted oceanic 
assemblages.  TTG magmatism associated with partial melting 
accompanying dehydration of the crustal component of these disparate 
materials was the consequence of accretion of intraoceanic terranes in a 
generally convergent environment.  Some eclogite xenoliths from the 
subcratonic mantle provide clear geochemical evidence for these 
“proto- plate tectonic” models. 
 
ATMOSPHERIC MERCURY FLUXES FROM 
CARBONACEOUS SHALES IN YUKON TERRITORY  

RASMUSSEN, P.E.1, pat_rasmussen@hc-sc.gc.ca, EDWARDS, 
G.C.2, SCHROEDER, W.W.3, STEFFEN, A.3, AUSMA, S.2, 
DIAS, G.2 and EL BILALI, L.1,  1 Health Canada, Ottawa, ON, 
K1A 0K9;  2 University of Guelph, ON, N1G 2W1;  3 

Environment Canada, Toronto, ON, M3H 5T4 
Mercury (Hg) in the environment arises from a wide variety of natural 
and anthropogenic sources, with releases from both types of sources 
being significant in the biogeochemical Hg cycle.  Atmospheric Hg 
fluxes from Paleozoic carbonaceous shales in the MacMillan Pass area 
of southeastern Yukon were monitored in situ using both dynamic flux 
chamber and micrometeorological-gradient techniques, in combination 
with atomic fluorescence spectrometry.  The average emission rate for 
the measurement period was 9.2 ñ 0.5 ng m-2 hr-1 using the chamber 
method and 7.4 ñ 0.7 ng m-2 hr-1 using the gradient method.  
Simultaneous measurements of environmental parameters (including 
air temperature and humidity, wind speed and direction, barometric 
pressure, net radiation, substrate geochemistry and temperature) 
provided additional data required to calculate the Hg flux and interpret 
temporal and spatial variations.  The selection of the study area was 
based on National Geochemical Reconnaissance survey data, which 
indicates Hg enrichment in stream and lake sediment over an area of 
22,710 km2, attributed to chemical and physical weathering and erosion 
of the carbonaceous shales.  Sediment Hg concentrations exceed the 
"threshold effect level" of 174 ppb in 955 sites and exceed the 
"probable effect level" of 486 ppb in 142 sites, as defined by 
Environment Canada's Sediment Quality Guidelines for Mercury.  The 
results of the present study determined that these shales are also a 
significant natural source of Hg to the atmosphere.  Regional 
extrapolation based on in situ flux measurements, in combination with 
detailed spatial analysis, yields an estimate of 193 - 230 g Hg day-1 for 
summertime fluxes from 1479 km2 of exposed, non-mineralized black 
shale. 
 
TESTING LAURENTIA’S PLACE IN NUNA:  
PALEOMAGNETIC INVESTIGATION OF THE DUBAWNT 
SUPERGROUP, BAKER LAKE BASIN, NUNAVUT  

RAUB, T.M.D., theresa.raub@yale.edu, EVANS, D.A.D., Yale 
University, New Haven, CT, 06520 USA, RAINBIRD, R.H., 
Geological Survey of Canada, 601 Booth St., Ottawa, ON, K1A 
0E8, and LECHEMINANT, A.N., 5592 Van Vliet Road, 
Manotick, ON, K4M IJ4 

Laurentia and its constituent cratons are important but geographically-
poorly constrained elements of the late Paleoproterozoic supercontinent 
Nuna.  Previous paleomagnetic studies from the Baker Lake Group 
within the Dubawnt Supergroup, and from the Trans-Hudson Orogen 
place Laurentia alternately at low or high latitudes, respectively, around 
1850-1830 Ma during and following amalgamation of the continent.  
Our comprehensive study throughout the Dubawnt Supergroup draws 
on abundant red beds, intrusive rocks, and volcanic units for 
paleomagnetic conglomerate tests and baked contact tests in the Baker 
Lake Group, Wharton Group, and Barrensland Group (Thelon 
Formation); and allows for a reassessment using modern techniques of 
the robustness of the original paleomagnetic study on the Dubwant.  A 
reevaluation of the paleomagnetic dataset for the Trans-Hudson Orogen 
shows common “streaking” of directional data and insufficient isolation 
of characteristic remanent magnetizations (ChRM’s), as well as a host 
of other problems including lack of tilt constraints and poorly 
constrained ages to the remanence for some poles.  For these reasons, 
we suspect that the published Trans-Hudson paleopoles are 
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inaccurately biased toward the high-latitude interpretation.  These new 
insights into the quality of the paleomagnetic database for these 
important parts of Laurentia make it possible to better understand the 
position of the Hearne craton and of Laurentia as a whole during the 
lifespan of Nuna, with implications for Laurentia’s position relative to 
Australia and other continents throughout the Proterozoic. 
 
ARCHEAN AND PALEOPROTEROZOIC GABBROS IN THE 
PETER LAKE DOMAIN, NORTHERN SASKATCHEWAN  

RAYNER, N.1, nrayner@nrcan.gc.ca, MAXEINER, R.O.2 and 
CORRIGAN, D.1,  1 Geological Survey of Canada, 601 Booth St., 
Ottawa, ON, K1A 0E8;  2 Saskatchewan Geological Survey, 2101 
Scarth St., 4th floor, Regina, SK, S4P 3V7 

The Peter Lake Domain in northern Saskatchewan represents a 
southeastern component of the Hearne Province and is dominated by 
Archean granitic and gabbroic rocks.  It contains one of the largest 
concentrations of mafic rocks in North America and is highly 
prospective for platinum group elements.  These mafic rocks have 
been, until recently, grouped together as the Archean Swan River 
Complex.  Recent geochronological studies from the north end of 
Reindeer Lake have identified a second episode of mafic plutonism in 
the Paleoproterozoic. 
A gabbronorite from the homogneous Love Lake Leucogabbro suite 
provided three overlapping, concordant zircon fractions, which yield a 
crystallization age of 2562 ± 1 Ma (weighted mean 207Pb/206Pb age).  
Ninety kilometres to the northeast, a similar gabbro was sampled; the 
Wiley Bay leucogabbro has well preserved rhythmic igneous layering 
and breccia pipes with abundant autoliths.  A regression through 3 
zircon fractions (1 concordant, 2 discordant) gives an upper intercept 
age of 2560 ± 1 Ma, interpreted as the time of crystallization of the 
pluton.  Both of these samples are part of the previously identified 
Archean Swan River Complex, which intrudes the granitoids of the 
Hearne Province. 
A spectacularly layered gabbroic to anorthositic body was sampled in a 
bay north of Patterson Island.  A regression line through 3 discordant, 
co-linear zircon fractions gives an upper intercept age of 1917 +4/-3 
Ma, which is interpreted as the time of igneous crystallization.  A 
fourth discordant fraction does not lie on the regression line and gives a 
slightly younger 207Pb/206Pb age.  Eight kilometres south of this gabbro, 
the Patterson Island pluton forms a large circular intrusion of 
monzonite and monzodiorite. A megacrystic hornblende-augite 
monzonite, collected from a small island southeast of Patterson Island, 
provided four tightly clustered slightly discordant zircon fractions that 
yield a weighted mean 207Pb/206Pb age of 1913 ± 1 Ma, which is 
interpreted as the time of crystallization.  This newly identified suite of 
1.9 Ga gabbros and diorites is referred to as the Porter Bay Complex. 
The tectonic setting for these two suites of layered igneous rocks is still 
subject for debate.  One option would view the 1.9 Ga gabbros as 
having formed in a subduction-related continental arc setting along the 
southeast margin of the Hearne craton.  Possible linkages between these 
2.56 Ga and 1.9 Ga gabbros and granulites of similar age in the 
northern and western Hearne Province also need to be examined. 
 
LOW-PRESSURE REGIONAL METAMORPHISM AND 
SHALLOW EMPLACEMENT OF THE BARRINGTON 
PASSAGE PLUTON, SOUTHWESTERN NOVA SCOTIA  

REID, C.R. and RAESIDE, R.P., Dept. of Geology, Acadia 
University, Wolfville, NS, B4P 2R6, 063203r@acadiau.ca 

Southwestern Nova Scotia lies in the Meguma terrane, the most 
outboard terrane of the northern Appalachians.  Much of the terrane 
was affected by low-pressure metamorphism (<4 kbar) during the 
Devonian Acadian Orogeny.  It was also intruded by many post-
tectonic plutons, including the Barrington Passage Pluton, a foliated 
biotite-tonalite.  The nature of metamorphism (low-pressure regional or 
contact) affecting the host rocks of the Barrington Passage Pluton has 
remained unresolved.  The major component of the Meguma terrane is 
the Meguma Group, a 6-10 km thick sequence of metamorphosed 
Cambrian-Ordovician turbidites.  It is divided into two formations:  the 

dominantly psammitic Goldenville Formation and the conformably 
overlying Halifax Formation, which is primarily slate. 
Most of the Meguma terrane experienced low-grade (chlorite-grade, 
sub-greenschist- to greenschist-facies) regional metamorphism, but 
some areas attained a higher grade (up to sillimanite-grade, 
amphibolite-facies) metamorphism.  The timing of regional 
metamorphism in the southwestern part of the Meguma terrane is 
complicated by thermal overprinting resulting from the Devonian South 
Mountain Batholith and related granitoid plutons (ca. 372 Ma), as well 
as Late Carboniferous to Early Permian plutons (320-300 Ma; ca. 290 
Ma). 
It has been proposed that the amphibolite-facies metamorphism 
encountered in some parts of the Meguma terrane was a regional 
metamorphic event related to emplacement of the Devonian plutons, 
and not a contact event as first thought.  The most recent available age 
data suggests an age of 406-388 Ma for the greenschist-facies 
metamorphism and 373 Ma for the amphibolite-facies metamorphism.  
These dates were based on 40Ar/39Ar data from muscovite and 
hornblende separates and Meguma Group whole rock samples (slate 
and metasiltstone), field relationships and the U-Pb age of ca. 373 Ma 
for the Barrington Passage Pluton. 
Petrographic analysis of the country rocks of the Barrington Passage 
Pluton shows they were metamorphosed during a regional, low-
pressure (2-4 kbar) event.  Temperatures reached 500-600°C, 
suggesting the Barrington Passage Pluton was a major contributor to 
the heat flow required to reach sillimanite-grade metamorphism and 
migmatization.  Provisional geothermobarometric data indicates that 
the pressure of emplacement of the Barrington Passage Pluton was 
variable.  Higher pressures (3-3.5 kbar) were detected in southern parts 
of the pluton, whereas lower pressures (1.5-3 kbar) were found for 
more northern and western parts. 
 
NORTHWEST TERRITORIES - UNIVERSITY OF ALBERTA 
GEOLOGICAL FIELD SCHOOL:  A UNIQUE PARTNERSHIP 
FOR LEARNING  

RELF, C., NWT Geoscience Office, Box 1500, Yellowknife, NT, 
X1A 2R3, Canada, carolyn_relf@gov.nt.ca, CHACKO, T. and 
HEAMAN, L.M., University of Alberta, Edmonton, AB, T6G 
2E3, Canada 

Job opportunities for geoscientists are currently abundant, both within 
the resource sector, due to high commodity prices, and outside it, as 
geoscience gains recognition as a tool for addressing societal issues.  In 
spite of this demand, undergraduate enrollment in Canadian earth 
science departments has been declining over the past decade.  The 
geoscience community needs to respond to this looming gap by 
attracting new students into geoscience, and by maximizing practical 
learning opportunities for those already enrolled, to ensure they pursue 
careers in the field.  As a contribution to the latter, a field-based 
mapping course was recently developed by the University of Alberta 
(U of A) in collaboration with the NWT Geoscience Office (NTGO). 
The course, consisting of two weeks’ bedrock mapping in the NWT, is 
offered to six 4th-year undergraduates, providing them with experience 
in field data collection and compilation, and exposing them to the 
logistical realities of field work in the North.  The course has been 
offered twice, each time in a different area where the geologic setting 
was known, but existing bedrock maps needed upgrading.  His 
approach ensures that the mapping project makes a real contribution to 
NWT’s knowledge base, rather than being merely a “cookbook” 
mapping exercise for academic credit. 
Area selection and logistics for the course are coordinated by NTGO.  
In 2003, the course was based out of an NTGO camp in the 
southwestern Slave Province, and was an add-on to an ongoing 
government bedrock mapping project.  In 2004, the class was provided 
accommodation at an exploration camp in the central Slave Province.  
Grading for the course is based on a combination of performance in the 
field and a final report submitted during the fall term.  For interested 
students, the field course also provides an opportunity to undertake 
undergraduate thesis research, and all students are encouraged to 
present mapping and thesis results at Yellowknife’s annual geoscience 
forum.  The thesis studies are a further benefit for NTGO and its 
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clients, as they add to the publicly-available information base on 
NWT’s geology. 
This field school is, to our knowledge, unique in Canada, and provides 
tangible benefits to both partners.  For U of A, the course adds a 
dimension of practical bedrock mapping in a Shield terrane to its earth 
science curriculum.  For NTGO, it helps to fill small gaps in bedrock 
mapping coverage, and provides an opportunity to identify candidates 
for future graduate studies and/or employment. 
 
SPREADING THE GEO-GOSPEL IN THE NORTH:  NWT’S 
GEOSCIENCE OUTREACH ACTIVITIES  

RELF, C., SCHREINER, D., Northwest Territories Geoscience 
Office, Box 1500, 4601B 52 Ave, Yellowknife, Northwest 
Territories, X1A 2R3, Donna_Schreiner@gov.nt.ca, and 
BALDWIN, D., Government of the Northwest Territories, 
Minerals, Oil and Gas Division 

In spite of the importance of resource development to NWT's economy 
and the close ties that most of NWT's First Nations maintain with the 
land, little knowledge exists among its citizens of the territory's 
geology and non-renewable resources.  As a result, jobs in the resource 
sector among members of First Nations are generally limited to 
positions in the trades, and land use decisions are commonly made in 
the absence of any knowledge of an area's resource potential or 
geologic hazards.  Over the past decade, a number of outreach 
programs have been created to address these knowledge gaps and to 
encourage students to remain in school and consider post-secondary 
education. 
In some areas, significant progress has been made.  For example, the 
NWT Prospector Training Program, established 10 years ago, has 
graduated a significant number of prospectors in communities across 
the NWT.  Some work independently and receive support from the 
territorial government's NWT Prospectors Grubstake Program;  others 
are employed by exploration companies.  More recently-developed 
programs include the NWT Geoscience Office's Community Mapping 
Program, and the NWT bedrock mapping field school.  The former 
engages community members in mapping local geology, and 
incorporates geologic, cultural and historical knowledge into 
community posters, which serve as teaching aids for schools (see 
Schreiner this volume).  The latter is a course developed in 
collaboration with University of Alberta for senior undergraduate 
students in geology (see Relf et al., this volume). 
In addition to ongoing programs, the federal and territorial 
governments support annual and one-time outreach activities such as 
community-based information sessions, participation in geology-related 
Skills Canada Workshops, EDGeo Teachers Workshops, NWT Mining 
Week, science fairs, classroom visits, public geology hikes, a geo-
tourism event called the Norman Wells Fossil Hunt, NWT Youth 
Prospecting field school, and development of a NWT Geoscape poster 
(under way). 
We are currently focusing our efforts on better coordinating our 
messages with those of other organizations carrying out consultations 
related to resource development, and with increasing the profile of 
geoscience among policy- and decision-makers in various levels of 
government.  Our goal is to raise awareness of the application of 
geoscience knowledge within NWT communities at all levels, and its 
use in many decision-making areas including land-use planning, land 
claims negotiations, and resource management in settled land claims 
areas. 
 
PREFERENTIAL FLOW IN RECLAMATION SOIL COVERS 
CAPPING SALINE-SODIC OVERBURDEN  

RENAUD, D.C., danielle.renaud@usask.ca, and SI, B.C., 
Department of Soil Science, University of Saskatchewan, 51 
Campus Drive, Saskatoon, SK, S7N 5A8 

Preferential flow is the rapid flow of water and chemical transport 
through the soil profile that bypasses the soil matrix.  In prototype 
reclamation soil covers capping saline-sodic overburden, the existence 
of preferential flow is a concern.  Upward diffusion of salts is occurring 
from the saline-sodic overburden into the sloping, layered soil covers.  

Preferential flow can jeopardize the environmental sustainability of 
these soil covers because this upward diffusion of salts from the 
overburden is not retarded if the soil matrix is bypassed as in rapid 
water flow.  The objectives of this study were, therefore, to characterize 
the existence of preferential flow and determine if the area available for 
preferential flow paths will be of concern for the environmental 
sustainability of these covers.  The potential area available for 
preferential flow paths was investigated at both macropore scale and 
matrix scale in an instrumented watershed located north of Fort 
McMurray, Alberta.  At the macropore scale, dye tracers were used to 
monitor water and solute movement within 1m by 1m field plots.  
Following tracer application and a 24 hour waiting period, soil profiles 
were excavated, photographed, and subjected to image analysis.   At 
the matrix scale, steady-state column experiments were performed to 
determine the mobile-immobile soil water contents of each soil layer.   
Preliminary results have initially indicated minimal area available for 
preferential flow in the soil covers, indicating that layering the soil is an 
effective method for retarding the area available for rapid water 
transport. 
 
EFFECTS OF COMPOST ADDITION ON SOIL QUALITY AND 
CORN YIELD FOR A DEGRADED CLAY LOAM SOIL  

REYNOLDS, W.D., reynoldsd@agr.gc.ca, DRURY, C.F., TAN, 
C.S., ZHANG, T.Q., WELACKY, T.W., and YANG, X.M., 
Agriculture and Agri-Food Canada, 2585 County Road 20, 
Harrow, ON, N0R 1G0 

Near-surface (0-10 cm depth) soil physical quality and corn grain yield 
on a degraded Brookston clay loam soil (Orthic-Humic Gleysol; 28 % 
sand, 35 % silt, 37 % clay in Ap) were measured during the summers of 
1999-2003 after a one-time application of food waste compost (FWC) 
in the fall of 1998.  The treatments were FWC incorporated to a 10 cm 
depth at rates of 75, 150 and 300 dry t/ha, with or without annual 
chemical fertilization according to soil test results from the control (no 
compost application).  FWC applied at 75 and 150 t/ha produced 
minimal changes in organic carbon content, bulk density, saturated 
water content, field capacity, permanent wilting point, air capacity and 
plant-available water capacity relative to the control.  FWC applied at 
300 t/ha produced substantial improvements in these parameters in 
1999, with the improvements degrading back toward the control values 
at different rates during 2000-2003.  Over the five year study period, 
compost addition increased fertilized corn grain yields by 0-2 t/ha, but 
the increases did not trend with compost addition rate or time since 
compost addition.  Compost application consequently has complex 
impacts on both the physical quality and corn productivity of this 
degraded clay loam soil. 
 
SPACE VIEW OF THE GASPÉ PENINSULA STRUCTURAL 
FRAMEWORK INCORPORATING RADARSAT, ENVISAT 
AND GEOSCIENCE DATA:  NEW INSIGHTS FOR OIL AND 
GAS EXPLORATION IN QUÉBEC  

RHEAULT, M., MIR Télédétection Inc., 110, rue de la Barre, 
bureau 212, Longueuil, QC, J4K 1A3, Canada; BRISEBOIS, D., 
Géologie Québec, Ministère des ressources naturelles du Québec, 
5700 4e Avenue Ouest, Charlesbourg, QC, G1H 6R1, Canada; 
THÉRIAULT, R., Direction du développement des 
hydrocarbures, Ministère des ressources naturelles du Québec, 
5700 4e avenue Ouest, Charlesbourg, QC, G1H 6R1, Canada, and 
PINET, N., Institut National de la Recherche Scientifique (INRS 
Eau-Terre-Environnement), 490, de la Couronne, Québec, G1K 
9A9, Canada. 

Continuous worldwide increase in fossil energy consumption will 
significantly reduce hydrocarbon reserves.  This should favour the 
exploration of small to medium size oil and gas reservoirs within 
Paleozoic sedimentary basins, similar to those occurring in the eastern 
Appalachians of Gaspé Peninsula.  The use of new visualisation 
techniques, which accelerate hydrocarbon exploration, is required in 
order to respond to such reserve decline. 
A new display of the structural framework of the Gaspé Peninsula is 
presented, integrating spaceborne remotely sensed data and new high-
resolution geophysical data.  Supported by the Canada-Québec 
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agreement on the development of the use of radar technology, 
RADARSAT-1, ENVISAT ASAR, geochemical and geophysical data 
are integrated.  Different value-added products are generated and used 
for hydrocarbon potential assessment: RADARSAT-1 (C-HH) mosaic, 
ENVISAT ASAR (C-HH/HV) images, fusion of RADARSAT-1 
mosaic with new high-resolution magnetic data, fusion of 
RADARSAT-1 mosaic with new high-resolution gravity data and 
fusion of RADARSAT-1 mosaic with stream sediments geochemistry. 
Products are used at a regional scale to improve our understanding of 
both Taconic and Acadian orogenies and to provide fundamental keys 
to target potential areas for hydrocarbon plays.  They are also used at a 
larger scale to support field geological mapping.  Adjustment of 
previously interpreted lithostratigraphic contacts, fold axis, and faults is 
addressed and unsuspected fracture corridors are proposed, being 
parallel or transverse to the dominant NE to EW structural fabric. 
 
GOLD MINERALIZATION WITHIN THE SILICA ZONE AND 
OPEN PIT AT CAPE SPENCER, NEW BRUNSWICK  

RICHARD, R.L., LENTZ, D.R., University of New Brunswick, 
P.O. Box 4400, Fredericton, NB, E3B 5A3, s2zsn@unb.ca, and 
HENRICHSEN, M., Geodex Minerals Limited, Suite 450, 800 
West Pender Street, Vancouver, BC, V6C 2V6 

The previously mined open pit at Cape Spencer (NB) is being re-
examined as a high-grade, vein-related gold deposit instead of the 
previously reported low-grade bulk gold deposit.  The open pit was 
mined from 1986-1988, which had proven reserves of 606,790 short 
tons (550,470 tonnes) grading 2.34 grams per ton (2.12 g/t).  The silica 
zone located 600m northwest of the open pit was explored in 1977 as a 
possible silica quarry for the purpose of glass making, but the Fe 
content was too high.  Thus far neither research nor exploration has 
attempted to establish the possible relationship between the silica zone 
and quartz veins and associated alteration found within the open pit. 
Detailed geological and structural mapping accompanied by recent 3-D 
Induced Polarization geophysics of the silica zone and the open pit was 
carried out to define the trends of the quartz veins, associated gold and 
sulphide mineralization, and gold depositional controls.  Twenty 
channel samples were taken for petrographic and geochemical analysis, 
and assaying of selected samples.  The multi-element geochemical 
analyses were done using a multiacid 32 element Inductively Coupled 
Plasma-Emission Spectroscopy and a 30 element Instrumental Neutron 
Activation Analysis.  A Sulphur bioLeco analysis was also completed 
to determine the percent sulphur. 
The quartz veins at the open pit has gold values of up to 100.5 g/t, with 
the adjacent wall rock containing up to 51.5 g/t gold.  The open pit also 
showed low arsenic values (<5 ppm) in comparison to the silica zone 
where gold values ranged from less then 5 ppb to 120 ppb, with arsenic 
ranging from 3 to 228 ppm, Cu to 1004 ppm, and Mo to 150 ppm.  The 
gold-bearing quartz veins are seen crosscutting the Millican Lake 
granites (623 Ma), Cape Spencer Formation sediments (post 623 Ma), 
and Lancaster Formation (310 Ma) suggesting that they were deposited 
syn- to post-Carboniferious. 
The silica zone is approximately 200m in length, 50m in width, and 
greater than 20m in depth.  Within this silica body there are at least five 
different locations that are enriched in sulphides.  There has been no 
age dating done in silica zone, but it is assumed that it is close to the 
age of the illitic alteration (277 Ma), which is based on previous 
40Ar/39Ar ages of illite in altered Precambrian rocks.  Previous work, 
believed that the D2 structures host the gold ores, but recent sampling 
suggests much later stage deposition of gold. 
 
THE ANTOFALLA VOLCANIC COMPLEX, 
NORTHWESTERN ARGENTINA:  MAGMATIC EVOLUTION 
AND MINERALIZATION  

RICHARDS, J.P., Dept. Earth and Atmospheric Sciences, 
University of Alberta, Edmonton, AB, T6G 2E3, Canada, 
Jeremy.Richards@UAlberta.ca, ULLRICH, T., Earth and Ocean 
Sciences, University of British Columbia, 6339 Stores Road, 
Vancouver, BC, V6T 1Z4, Canada and KERRICH, R., 

Department of Earth Sciences, University of Saskatchewan, 
Saskatoon, SK, S7N 5E2, Canada 

The Miocene-Pliocene Antofalla Volcanic Complex (AVC) consists of 
the large central Antofalla volcano (6,409 m) surrounded by several 
slightly smaller compound volcanoes.  The complex covers an area of 
2,100 km2, with volcanic products ranging from basaltic andesite flows 
to rhyolitic ignimbrites.  The compound volcanoes are commonly built 
upon a thick sequence of Late Miocene ignimbrites deposited on 
Paleozoic crystalline basement (metamorphic rocks or granite) or Late 
Eocene-Early Miocene continental sandstones and siltstones.  Thick 
flows of andesitic to dacitic lavas built the tall stratocones, whose 
surface morphologies are little affected by erosion other than gullying 
and mountain-top glaciation (in the case of Vn. Antofalla only). 
40Ar/39Ar dating of biotite and hornblende phenocrysts from 18 samples 
of volcanic rocks from the AVC reveals a protracted eruption history 
from 10.9 to 1.6 Ma, with both the oldest and youngest dated samples 
being from rhyolitic ignimbrites.  Geochemically, the ignimbrites 
reveal a large crustal component, whereas basaltic andesites display a 
more primitive mantle-derived signature.  Two of the oldest ignimbrite 
samples lie directly on basement, and are therefore interpreted to date 
the onset of volcanism in the area at ca. 10.9 Ma.  The youngest sample 
(1.6 Ma) was collected from the welded centre of a small ignimbrite 
that fills a valley and thinly coats surrounding hills on the SE side of 
Vn. Antofalla; its good state of preservation is consistent with its young 
age, and may date the end of intermediate-felsic volcanism at the ACV.  
However, small, late, basaltic andesite cinder cones and flows occur 
throughout the area, and were emplaced along prominent north- and 
north-northeast-trending faults during a change to extensional 
tectonism in the Quaternary. 
Epithermal Au mineralization occurs within felsic volcanic rocks on the 
flanks of Vn. Antofalla, but is exposed only where erosion has opened 
windows in the capping lava flows.  One prominent zone features a 
silicified lithocap in a brecciated rhyolitic dome, underlain by altered 
and mineralized tuffs.  Distal but related epithermal Pb-Zn-Ag veins 
were mined on a small scale historically, and are exposed at lower 
levels in the Quebrada de las Minas where they are hosted by 
underlying Paleogene sandstones. 
The system is believed to offer high potential for the discovery of 
economic epithermal-style mineralization, but thin cover of mineralized 
sequences by late lava flows, and the minimal level of erosion of the 
complex hinders exploration. 
 
RARE EARTH AND ISOTOPE GEOCHEMISTRY OF THE 
KEWEENAWAN NIPIGON SILLS  

RICHARDSON, A., HOLLINGS, P., Department of Geology, 
Lakehead University, Thunder Bay, ON, P7B 5E1, 
Peter.Hollings@lakeheadu.ca, and CREASER, R., Dept. of Earth 
and Atmospheric Sciences, University of Alberta, Edmonton, AB, 
T6G 2E3 

Around 1100 Ma a sequence of mafic/ultramafic intrusive and 
extrusive rocks were emplaced in the Nipigon Embayment.  These 
rocks currently cover approximately 11 000 km2 of Archean basement 
and Proterozoic sedimentary rocks in the northern Lake Superior and 
Lake Nipigon basins, representing a minimum volume of 10 000 km3.  
The Nipigon sills are thought to be the northern expression of the larger 
Mid Continent Rift system of North America possibly having formed in 
a failed arm of the rift. 
The Nipigon sills can be divided into at least two separate members 
using major, trace and rare earth element geochemical data.  The first 
unit, and the most voluminous, has been termed the Main Nipigon 
suite.  This suite is characterized by Zr/Y ratios of 2.5-4.5 and Mg # of 
0.2-0.6, La/Ybcn ratios of 2.2-3.5 and primitive mantle normalized plots 
exhibiting a negative Ti anomaly. 
A second suite of sills (termed the McIntyre) has been identified in the 
southwestern area of Lake Nipigon.  This suite is LREE enriched 
relative to the Main Nipigon suite with La/Ybcn ratios of 6.4-7.2, Zr/Y 
ratios of 6.5-8.0 and M g# ranging from 0.35-0.52.  The McIntyre suite 
lacks the pronounced Ti anomaly of the Main Nipigon suite but does 
display a negative Y anomaly. 

166 



Preliminary isotope data suggest the parent magma of the two suites 
underwent separate evolutionary histories.  The Main Nipigon suite has 
>Nd values of -0.5 to -1.9 as compared to >Nd values of -3.1 and -3.2 for 
the McIntyre suite suggesting that it has undergone a higher degree of 
crustal contamination. 
Two additional suites were identified near English Bay and Inspiration 
Lake as a result of mapping undertaken by the OGS, they are termed 
the Jackfish and Inspiration sills respectively.  The Jackfish suite 
resembles the McIntyre with similar La/Ybcn ratios and negative Nb 
and Y anomalies.  The Inspiration suite geochemically resembles no 
other known suite with a strong negative Nb and Ti anomaly coupled 
with high La/Ybcn ratios. 
The degree of crustal contamination combined with the trace and rare 
earth element distribution within the Nipigon Sills suggests the sills 
have experienced complex magma evolution histories during 
emplacement. 
 
STRATIGRAPHIC, STRUCTURAL AND METAMORPHIC 
CONTROLS OF GAGNON GROUP GRAPHITE DEPOSITS, NE 
GRENVILLE PROVINCE  

RIOUX, G., rioux.gabrielle@courrier.uqam.ca, GAUTHIER, M., 
UQAM, succ, Centre-Ville, P.O. Box 8888, Montreal, QC, H3C 
3P8, CHARTRAND, F., SOQUEM Inc., and LYONS, E., Quinto 
Technology Ltd. 

Labrador Trough Paleoproterozoic supracrustal sequences (e.g. 
Kaniapiskau Supergroup) extend deeply into Grenville Province 
parautochtonous terranes such as the Gagnon Terrane.  These rocks 
belong to the Gagnon Group in Québec.  Grenvillian metamorphic 
overprints range from lower amphibolite facies, along the Grenville 
Front in Labrador, up to upper amphibolite and granulite facies in the 
Lac Guéret-Lac Guinécourt region, 250 km southwest of Labrador 
City.  The Wabush Formation and Gagnon Group host major iron ore 
deposits such as the Carol Lake, Wabush, Mont-Wright, Fire Lake and 
Lac Jeannine mines which have been in production since the early 
1960s.  Since the late 1980s, the Nault Fm. of the Gagnon Gp. has been 
a locus of exploration for graphite, and three large deposits have been 
discovered, namely Mart Lake near Labrador City, Lac Knife south of 
Mont-Wright mine, and Guéret and Guinécourt lakes southwest of the 
Manicouagan reservoir.  Although our research project deals 
specifically with the Guéret and Guinécourt deposits owned by Quinto 
Technology Ltd. and SOQUEM Inc., we also attempt to identify the 
controls on regional distribution of all graphite deposits along the 
Wabush-Gagnon belt.  This leads us also to consider the regional 
distribution of iron ore deposits in comparison with graphite deposits. 
Three types of graphite ore occur in the Guéret-Guinécourt region: (1) 
coarse-crystalline (500:m) graphite hosted by granoblastic quartzo-
feldspathic schist, (2) fine-grained (10:m) graphitic metapelites and (3) 
coarse-crystalline (up to 3 cm) vein-type graphite.  Type 1 occurs 
stratigraphically just above Wapussakatoo Formation quartzite and 
Wabush iron formation, and grades upsection into type 2 graphite.  
Type 3 graphite forms stratabound stockworks that are restricted to 
dilation zones such as fold-hinge zones within stratigraphic units 
hosting type 2 mineralization.  The first two types of ore are 
metamorphic while the third is metamorphogenic (hydrothermal). 
Within the Wabush-Gagnon belt, a dichotomy appears to exist between 
graphite deposits of the Nault Fm. and specular hematite deposits of the 
Wabush Fm.  Iron formations do occur in contact with graphitic 
horizons of the Nault Fm. but they comprise magnetite, iron sulphides 
or iron silicate facies.  Where specular hematite deposits do occur, they 
are separated from the graphitic schists of the Nault Fm. by Shabogamo 
gabbro sills.  These observations suggest that oxydo-reduction front 
associated with syn- or late-metamorphic giant-scale hydrothermal cells 
may have contributed to the regional dichotomic distribution of 
graphite and specular hematite iron ore deposits along the Wabush-
Gagnon metallogenic belt. 
 
PHYSICALLY-PARTITIONED SOIL PROFILE CARBON 
DIOXIDE PRODUCTION:  HIGH RESOLUTION RECORDS 
FROM THREE FOREST SITES  

RISK, D. and KELLMAN, L., Environmental Sciences Research 
Centre, St. Francis Xavier University, Antigonish, NS, B2G 2W5, 
drisk@stfx.ca 

Forest harvesting alters many parameters that are known to exert direct 
control on soil respiration, including environmental factors such as 
temperature/moisture regimes, and biological factors such as plant and 
root density.  Relative to our understanding of soil respiration-climate 
dynamics in intact or model forest systems, our understaning of 
managed forest dynamics is somewhat underdeveloped.  Much new 
understanding can be gained by using methods to separately track root 
and microbial respiration dynamics in these systems where changes in 
microclimate and root variability are often harsh and immediate.  This 
paper reports partitioned soil profile CO2 production data from three 
forest sites (2 intact, 1 managed).  Trenched and intact plots in three 
forest soil profiles were monitored using a mobile array of CO2 probes, 
supplemented by permanent CO2 samplers.  Data was collected at 5-
minute intervals at several depths in each soil profile for a period of 10 
days, and in each of three seasons; spring, summer and autumn.  Values 
of partitioned CO2 production from root and microbial sources were 
calculated using a multilayer diffusion model, with soil diffusivity 
values obtained from in-situ diffusivity measurements.  Permanent 
surface and subsurface meteorological observatories exist at each site.  
Results indicate that, at these sites, the vertical distribution of 
production is different for roots and microbes.  The distribution of the 
latter is likely determined by the relative importance of fresh vs. old 
carbon, while root CO2 production coincided with rooting depth.  The 
controlling effects of temperature and moisture on root and microbial 
respiration were assessed at different temporal scales, ranging from 
minutes to months.  Short term (~1 day average) temperature and 
moisture variations are often of very high importance to both, 
indicating that infrequent measurements may not fully elucidate the 
dynamics of these processes.  We found distinct differences in the 
distribution of root and microbial CO2 production, and the way in 
which each responds to variations in the physical environment. 
 
ASSESSING THE POTENTIAL FOR ISOTOPIC 
PARTITIONING OF SOIL RESPIRATION AT RESEARCH 
SITES IN NOVA SCOTIA AND NEWFOUNDLAND  

RISK, D., KELLMAN, L. and BLACK, M., Environmental 
Sciences Research Centre, St. Francis Xavier University, 
Antigonish, NS, B2G 2W5, drisk@stfx.ca 

Isotopic methods of partitioning autotrophic and heterotrophic soil 
respiration have been used with some success.  Stable isotopic 
approaches are, however, complicated by the fact that carbon isotope 
fractionations are small in natural systems, and radiocarbon techniques 
are time and equipment intensive.  The most successful studies are 
those that have used isotopic analysis opportunistically, such as in 
C3/C4 transitional systems.  Previously unexploited opportunities are 
potentially available that might be used for stable isotope-based 
partitioning in natural systems given some combination of the 
following: 1) a good understanding of autotrophic/heterotrophic 
process distribution in the profile, 2) sampling using subsurface 
methods that give good process resolution and 3) concurrent analyses 
using physical partitioning methods such as trenches.  Here we explore 
the potential avenues of opportunity in the context of throrough 
background isotopic characterization that is being carried out for an 
existing network of carbon flux research sites in eastern Nova Scotia 
and in western Newfoundland.  During the summer of 2004, a 
comprehensive sampling program was undertaken to determine stable 
isotope ratios of C and O in different tree species, different tissues, at 
different points within the tree, through soil profiles, and in CO2 
respired from laboratory incubations.  Isotopic analyses were conducted 
using the new CF-IRMS at the Environmental Earth Sciences 
Laboratory at St. Francis Xavier University.  This isotopic information 
will be presented and evaluated for potential partitioning opportunities, 
carefully considering the combination of methodologies that will give 
the best chances of success.  At suitable sites, isotopic partitioning trials 
will take place in the coming summer. 
 
OROGEN-SCALE UNDERSTACKING AND THE 
PRESERVATION OF OLD METAMORPHIC ROCKS IN THE 
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INTERIOR OF A HOT WIDE OROGEN:  AN EXAMPLE FROM 
THE GRENVILLE PROVINCE  

RIVERS, T., Department of Earth Sciences, Memorial University, 
St. John’s, NL, A1B 3X5, trivers@esd.mun.ca 

The Grenville Orogen is a crustal-scale thrust stack composed of 
longitudinal belts with distinctive P-T conditions and/or timing of 
metamorphism.  Recent work has shown that adjacent belts with 
Ottawan metamorphism (ca. 1090-1020 Ma) exhibit metamorphic 
signatures implying development at very different levels in the orogen.  
The HP Belt, which is characterized by peak metamorphic conditions 
of ca. 1800 MPa/850 °C, is overlain by an MP Belt in which 
metamorphic conditions were 800-1000 MPa/850 °C.  Both belts are 
locally juxtaposed against the Non-Metamorphic Lid in which 
penetrative Grenvillian fabrics are absent and metamorphic 
temperatures were 500>T>350 °C.  Thus sections of the lower, mid and 
upper orogenic crust are preserved in close proximity to each other.  
The elevated temperature of metamorphism in the Ottawan HP and MP 
belts was associated with the emplacement of mantle-derived magmas 
locally, implying a mantle contribution to the thermal budget of the 
orogen.  Mid- to late Ottawan juxtaposition of the lower-crustal HP 
Belt with the upper-crustal Non-Metamorphic Lid took place by the 
combined processes of tectonic extrusion and orogenic collapse, the 
latter probably facilitated by a ductile melt-weakened mid-crust.  By 
the time of renewed convergence at ca. 1000 Ma during the Rigolet 
Orogeny, the HP and MP belts were in the upper crust and active 
ductile deformation in the orogen took place principally at lower crustal 
levels and nearer the foreland.  Metamorphism during the Rigolet 
Orogeny was Barrovian in character and led to substantial crustal 
thickening in the vicinity of the parautochthonous northern margin of 
the orogen.  The orogen thus grew by crustal-scale understacking 
resulting in preservation of the older metamorphic rocks in the orogenic 
superstructure.  Post-Rigolet normal faulting affected the full thickness 
of the orogenic crust and displaced the Moho locally.  The great width 
of the Grenville Orogen (> 600 km on the Laurentian side alone) and 
the prevailing high temperatures of Ottawan metamorphism reflect a 
Himalayan-scale orogen characterized by massive horizontal tectonic 
transport along a ductile lower and mid crust. 
 
FARM-GATE NUTRIENT BUDGETS AND SOIL FERTILITY 
ON 15 ORGANIC DAIRY FARMS IN ONTARIO  

ROBERTS, C., VORNOEY, P., Dept. of Land Resource Science, 
University of Guelph, Guelph, ON, N1G 2W1, 
robertsc@uoguelph.ca, and LYNCY, D., Organic Agriculture 
Centre of Canada, Nova Scotia Agriculture College, P.O. Box 
550, Truro, NS, B2N 5E3, Canada 

While the technical and economic aspects of the Ontario organic dairy 
industry have been well characterized, the nutrient status and nutrient 
use efficiency of these production systems is less well understood.  In 
2003, we commenced collecting data to characterize farm and soil 
nutrient status, on fifteen long-term (>10y) organic dairy farms in 
Ontario.  Legume-grass, pasture, and hay provide approximately 80% 
of livestock feed requirements on these farms.  Surface (0-15cm) soil 
sampling of all 225 farm fields indicated soil test (0.5M NaHCO3) P 
levels were low to very low (<10 mg/l) on approximately 60% of farm 
fields.  In contrast, average weighted exchangeable potassium levels 
were moderate to high (76-160 mg/l).  Within organic farms, low soil 
bicarbonate P levels appear to occur across all management systems, 
with only a weak relationship (R2 = 0.36) between farm stocking rate 
(AU ha-1) and soil test P.  Average farm weighted soil organic matter 
content ranged from 3.9 to 6.0 %.  All managed nutrient imports and 
exports have been recorded and annual mass nutrient (N, P, K) balances 
are being determined for each farm.  Average farm-gate net P surpluses 
(2.8 kg P ha-1 yr-1) were very low for the first budget year when 
compared with large nutrient surpluses (>30 kg P ha-1 yr-1) common to 
many confinement-based dairy farms.  Additional nutrient budget data 
with respect to N and K will also be presented. 
 
CLUES TO THE ORIGIN AND TECTONIC EVOLUTION OF 
GANDERIA FROM NEOPROTEROZOIC AND CAMBRIAN 
MAGMATISM IN CENTRAL NEWFOUNDLAND  

ROGERS, N., nrogers@nrcan.gc.ca, and VAN STAAL, C.R., 
Geological Survey of Canada, 601 Booth Street, Ottawa, ON, 
K1A 0E8, Canada 

Historically, all Neoproterozoic arc magmatism in Newfoundland has 
been related to the peri-Gondwanan microcontinent of Avalonia.  
However, the c. 563 Ma magmatism of the Sandy Brook Group and 
Crippleback Intrusive Suite (SB-C), central Newfoundland, argues 
against this. Arc magmatism in the Newfoundland portion of Avalonia 
had ceased by 585 Ma to be replaced by rift and/or wrench basin 
volcanism.  Furthermore, εNd values for Avalonian Neoproterozoic arc 
magmatism are typically positive, as opposed the distinctly negative 
εNd values of SB-C rocks.  SB-C Nd isotopic data implies derivation 
from crystalline basement at least in part older than the juvenile, circa 
1000 Ma Pan-African crust of Avalonia.  Thus, along with similar 
rocks in the Hermitage Flexure and elsewhere in Maritime Canada, the 
SB-C forms part of the Amazonian derived Ganderian microcontinent.  
Chronologically and isotopically comparable arc volcanism also occurs 
in parts of the Carolina Terrane and British Isles, suggesting that these 
could also form part of Ganderia. 
The Neoproterozoic arc on Ganderia likely shut down following the 
replacement of subduction by transform faulting after ridge–trench 
collision.  In addition, this change to a transform margin helped 
accommodate the relative anticlockwise rotation of Gondwana and 
associated terranes that moved Ganderia from the Ran Sea, which in 
the Neoproterozoic separated it from Baltica, into Iapetus.  At c. 560 
Ma, Ganderia was outboard of the “South American” portion of 
Gondwana, whereas Avalonia was positioned relatively far removed, 
adjacent to palaeo-North Africa.  At this time, subduction of the Ran 
Sea was continuing beneath Ganderia, in contrast to Avalonia where it 
had ceased circa 25 m.y. earlier, transforming the margin to strike–slip.  
This motion progressively brought Avalonia closer towards Ganderia.  
However, it is likely that the strike–slip margin propagated to the south 
of Ganderia, in the process creating the oceanic seaway whose 
subsequent closure during the Silurian was responsible for the Acadian 
Orogeny. 
By c. 510 Ma, Ganderia had obtained a position within the southern 
Iapetus Ocean facing Laurentia.  With this change of position, the 
ocean-facing margin of Ganderia reverted to subduction.  Avalonia by 
this stage was partially situated en-echelon south of Ganderia, and soon 
also started to experience subduction beneath the portion of it that now 
occurs within the British Isles. 
 
REMOTE PREDICTIVE GEOLOGICAL MAPPING USING 
AIRBORNE HYPERSPECTRAL DATA, BAFFIN ISLAND  

ROGGE, D., drogge@ualberta.ca, RIVARD, B. and ZHANG, J., 
Dept. Earth and Atmospheric Sciences, University of Alberta, 
Edmonton, AB, Canada, T6G 2E3 

Regional government geological mapping projects in the Canadian artic 
are time intensive and costly, primarily owing to poor accessibility.  
These mapping projects are essential for subsequent geological 
investigations and mineral exploration.  Extensive budget cuts in 
geological surveys has resulted in the necessity to pursue effective 
reconnaissance mapping methods, specifically those involving remotely 
sensed hyperspectral data.  These systems record solar radiation over 
hundreds of contiguous channels from the visible through to the near 
and shortwave-infrared regions of the electromagnetic spectrum, 
allowing the identification of specific spectral features associated with 
common rock forming minerals. 
Airborne hyperspectral data was acquired in 2001 and 2004 to examine 
whether such data could be used to discriminate lithological units and 
map their distribution in southern Baffin Island.  The project area is 
characterized by excellent bedrock exposure and limited continuous 
vegetation making this location ideal for remote sensing analysis.  
Mapping at 1:100 000 by the Geological Survey of Canada has 
revealed the presence of gneissic/granite basement, rift related volcanic 
and sedimentary rocks, and younger Paleozoic sediments. 
Spectral mixture analysis (SMA) was selected for lithological mapping 
because it is specifically designed to deal with the problem of spectral 
mixing, a problem inherent to all remote sensing systems which usually 
results in few pixels containing spectra of pure materials (e.g basalt).  
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Locating pixel spectra of pure materials within an image is 
advantageous for not only spectral identification, but is also necessary 
for SMA.  To further improve our ability to locate pure spectra and 
map lithological units the spatial distribution and genetic associations 
of surface features have been integrated into the spectral-based SMA 
mapping approach.  This is of particular importance for geology where 
lithological units may be spectrally similar, but are spatially and 
genetically independent.  The ultimate outcome of this spatial-spectral 
approach is an ability to recognize and map more geological materials 
than is currently possible with existing algorithms.  Geological 
mapping using hyperspectral data has allowed for the discrimination of 
subtle compositional variability with respect to clay minerals and Fe in 
the sedimentary units within the area.  Additional outcrops of marble 
and ultramafic units, not shown in the 1:100 000 regional maps, were 
also identified and mapped.  Discrimination of felsic intrusive units has 
been hampered by the presence of lichen, thereby limiting our ability to 
obtain clear spectral signatures for these rock types.  However, the 
derived maps show good correlation between lichen distribution and 
that of the felsic intrusive units. 
 
THERMAL MATURATION AND HYDROCARBON 
POTENTIAL IN PALEOZOIC SUCCESSIONS ON THE GASPÉ 
PENINSULA CENTRAL AREA AND LAC MATAPEDIA AREA, 
QUÉBEC  

ROY, S., BERTRAND, R., MALO, M., INRS-ETE, 490 De la 
Couronne, Québec City, QC, G1V 4C7, Canada, 
Stephanie_Roy@inrs-ete.uquebec.ca, LAVOIE, D., Commission 
géologique du Canada, and LALIBERTE, J-V., Ministère des 
Ressources naturelles, de la Faune et des Parcs, Direction 
Développement Hydrocarbures 

The thermal maturation and hydrocarbon source rock potential of the 
central Gaspé Peninsula and Lac Matapédia areas are evaluated.  These 
areas are located in the Connecticut Valley-Gaspé Synclinorium of the 
Gaspé Belt.  This Silurian-Devonian basin contains Upper Ordovician 
to Middle Devonian sedimentary rocks and minor volcanic rocks.  
Those rocks were mainly deformed during the Acadian Orogeny. 
Regional Acadian folds are generally open and upright and major faults 
are high-angle reverse (Causapscal and Sainte-Florence) and dextral 
strike-slip faults (Shickshock Sud). 
The thermal maturation is based on the estimated vitrinite reflectance 
(eRovi) from the reflectance of zooclasts (graptolites, chitinozoans and 
scolecodonts), macerals of vitrinite group, and solid bitumen fragments.  
The eRovi cover a wide range of values (0.6 to 5.5%).  This range 
encompasses the immature hydrocarbon stage to the metamorphic 
lower greenschist facies. In the subsurface, maturation values increase 
with depth.  The zonation of thermal maturation agrees with the 
stratigraphy and the folding pattern in the central Gaspé Peninsula, but 
is discordant with the stratigraphic contacts in the Lac Matapédia area.  
North of the Causapscal fault, in central Gaspé Peninsula, the thermal 
maturation of Lower to Middle Devonian rocks range from immature to 
oil window.  South of this fault, the strata are more mature than their 
northern lihostratigraphic equivalents.  In the Lac Matapédia area, 
Silurian-Devonian successions that belong to the oil window are 
restricted to a zone near by the Shickshock Sud fault. 
The hydrocarbon source rock potential is evaluated from total organic 
carbon content (TOC) and pyrolysis analysis (Rock Eval).  TOC 
indicates that two units could be potential source rocks in central Gaspé 
Peninsula and Lac Matapédia areas: the Black Shale Assemblage of the 
Ruisseau Isabelle Mélange (Middle Ordovician, TOC: 1.6 – 2.7%) and 
the Forillon Formation (Lower Devonian, TOC: 1.7%).  Biomarker and 
carbon isotope (GC-IRMS) analyses confirm this interpretation.  The 
pyrolysis analysis indicates that the Silurian-Devonian succession of 
both areas is characterized by a gas-prone Type III kerogen.  The 
kerogen nature of the overmature Black Shale Assemblage cannot be 
determined with Rock Eval, but petrographic evidence suggests that 
this shale possibly had an oil-prone Type II kerogen. 
Hydrocarbon generation modeling shows that all hydrocarbons of the 
Forillon Formation were generated during the Acadian Orogeny.  The 
Black Shale Assemblage generated most of oil during either the 
Ordovician and/or Devonian periods. 

 
PARTIAL MELTING OF HORNBLENDE-BEARING 
ASSEMBLAGES:  WHAT DOES IT REALLY TAKE TO MAKE 
AN ADAKITE?  

RUSHMER, T., Dept. of Geology, University of Vermont, 
Burlington, Vermont 05405, USA, Tracy.Rushmer@uvm.edu 

The origin of adakitic magmas has been a long-standing problem 
because if, as has been proposed, they are generated by the partial 
melting of down-going lithosphere during subduction, then the slab 
would need to meet specific thermal conditions.  Thermal modeling and 
experimental studies show that such a scenario is unlikely unless the 
lithosphere is young (< 5Ma).  Consequently, other mafic sources such 
as underplate material or lowermost crust have been suggested as 
possible sites where adakite-like melts (e.g. HREE depleted; Sr/Y >40) 
can be produced.  Recent experimental studies have explored several 
hornblende-bearing metabasaltic and metadioritic source rocks to 
determine the range of melt compositions, both in major and trace 
elements, that can be derived by partial melting. 
Experimental studies have been performed in a piston-cylinder 
apparatus at 800-1200ºC, 1.4 GPa (~ 42 km depth), without added 
water.  Major element data from partial melts show that overall 
granitoid compositions are produced from metadiorite (PB2; hbd + plg 
+ bt + czo), an alkalic metabasalt (SC5; hbl + plg + bt + czo) and 
hornblende-only dike (PM2).  PB2 and SC5 partial melts encompass a 
broad spectrum of compositions, from granite, due to biotite melting at 
low temperatures, to tonalite, at higher temperatures, and are controlled 
by changes in the mineral compositions and mode of reacting phases.  
Partial melts derived from PM2 are only tonalitic.  LA-ICPMS analyses 
on the experimental glasses in SC5 and PB2 show HREE-depleted 
melts present with Sr/Y > 40 in SC5 experiments between 925ºC and 
1050ºC.  In PM2, the plagioclase-free starting material, HREE-depleted 
melts are produced below 1050ºC, but none of the partial melt 
compositions exhibit the Sr/Y > 40 signature.  Melts that are HREE-
depleted coexist only within the garnet-stability range indicating that 
garnet is the phase controlling HREE signatures.  The presence of 
plagioclase in the starting material is an important control on Sr 
abundances.  The experimental results provide evidence that partial 
melting of hornblende-bearing dioritic and basaltic material in the deep 
crust is a good source for the HREE-depleted magmas and can give rise 
to both Sr-enriched and Sr-poor signatures. 
 
“THE DETAIL WILL SURPRISE YOU” – A CLOSER LOOK 
AT LOGAN, DAWSON, AND LYELL’S MEASUREMENTS OF 
THE JOGGINS SECTION  

RYGEL, M.C., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4J1, mrygel@dal.ca, and 
SHIPLEY, B.C., Department of History, Dalhousie University, 
Halifax, NS, B3H 4P9 

In July of 1843, William Edmond Logan (1798-1875) began his first 
field project as the head of the newly established Geological Survey of 
Canada: the search for coal on the Gaspé Peninsula of Lower Canada.  
Although Logan’s work in Quebec was well documented, there is little 
record of his month long journey through Nova Scotia and New 
Brunswick en route to his final destination. 
Two previously overlooked field notebooks contain information about 
Logan’s most important undertaking in Nova Scotia: measurement of 
the famous ‘Joggins section’.  Inspired by Gesner and Lyell’s reports of 
40-foot-tall fossil lycopsid trees, Logan spent 5 days in early June 
measuring 14,570 ft. 11 in. of section exposed along the shore of 
Chignecto bay, the northern arm of the Bay of Fundy.  Although widely 
regarded as a meticulous, bed-by-bed section, the field notebooks 
reveal that only the coal-bearing intervals were measured directly, 
values for much of the section were calculated based on paced 
distances, many of which were not converted to thickness until long 
after he left Joggins.  Realizing that the measured section was too 
detailed for scientific journals of the day, Logan published it as an 
appendix to his Report of Progress for 1843 – an obscure government 
document that went little noticed for many years. 
Unaware of Logan’s measured section, John William Dawson and 
Charles Lyell visited Joggins in Septemner of 1852 and measured their 
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own 2,819 foot 2 inch section through the classic, coal-bearing interval.  
Their measured section was published in the Quarterly Journal of the 
Geological Society of London (1854) and the first edition of Acadian 
Geology (1855).  Having discovered Logan’s section after completion 
of his own, Dawson included a précis of it in his publications and noted 
that the two contained only minor differences.  Careful comparison 
shows that they have radically different descriptions and measurements 
for even the most distinctive beds and differ in thickness by 3 to 8%.  
By rewriting much of the measured section and abandoning many of 
his own observations, Dawson cleverly disguised these discrepancies in 
post-1855 editions of Acadian Geology. 
Although over 200 subsequent Joggins studies build upon these 
measured sections, this paper provides the first detailed examination of 
the original measured sections and reveals previously unknown 
anomalies in two of the most important geologic studies undertaken in 
Nova Scotia. 
 
MERCURY RELEASE, METHYLATION, AND 
BIOACCUMULATION IN WATERSHEDS IMPACTED BY 
HISTORIC PLACER MINING AND RIVER RESTORATION, 
CLEAR CREEK AND TRINITY RIVER, CALIFORNIA  

RYTUBA, J.J.1, jrytuba@usgs.gov, HOTHEM, R.L.2, MAY, J.T.3 
and ASHLEY, R.P.1,  1 U.S. Geological Survey, 345 Middlefield 
Road, Menlo Park, CA 94025;  2 U.S.G.S., Dixon, 6924 Tremont 
Road, Dixon, CA 95620;  3 U.S.G.S., Sacramento, 6000 J Street, 
Placer Hall, Sacramento, CA 95819-6129 

From 1900 until the 1960s placer gold deposits in northern California 
were mined primarily by dredging.  The alluvial material removed was 
screened and coarse clasts were discharged using a stacker and finer 
material was washed through sluice boxes charged with mercury, to 
capture fine gold by amalgamation.  In the Lower Clear Creek and 
Trinity River, watershed restoration projects such as flood plain and 
channel modification, sediment augmentation, and formation of 
wetlands that redistribute and utilize mercury-enriched tailings and 
sediment locally enhance mercury methylation and bioaccumulation.  
Minimizing the release and methylation of mercury resulting from river 
restoration projects, and evaluating watershed response to restoration 
efforts, requires incorporating an understanding of mercury 
biogeochemistry into planning and implementation of restoration 
projects. 
The distribution of mercury and methylmercury in water, sediment, 
tailings and biota has been studied in various riverine environments and 
restoration project areas.  Sampling of these constituents, as well as 
measurement of other parameters that affect mercury methylation such 
as mercury speciation, sulfate, and dissolved organic carbon (DOC) 
was conducted seasonally.  Within the various riverine and restoration 
environments, mercury and methylmercury are concentrated in the fine 
grain size fraction of tailings and sediments but concentrations vary 
considerably.  Highest mercury concentrations, 4000 ng/g, occur in 
dredge sluice sands that may be exposed during restoration activities.  
Sequential extraction studies indicate that much of the elemental 
mercury introduced to the tailings has been converted to soluble and 
base-leachable organically bound forms (40-60%); some has been 
converted to HgS (5-20%).  Column leach studies indicate that high 
concentrations of both soluble and colloidal Hg phases are readily 
leached from the tailings.  Methylation of bioavailable mercury is 
enhanced in wetland and pond environments where sulfate and DOC 
concentrations are elevated by effluent from connate springs, mine 
drainage, or tributaries draining mineralized areas.  Fish and aquatic 
insects generally have low levels of mercury in riverine and restoration 
environments, including dredge ponds and stable natural wetlands that 
have developed in areas of undisturbed tailings.  In reconstructed 
wetlands and natural ponds where additional components such as 
sulfate and DOC enhance methylation, biota have moderate to high 
methylmercury concentration.  Management of mercury in river 
restoration projects needs to address not only mercury sources and 
mobility but also other variables and geologic processes that may 
enhance mercury methylation and bioaccumulation. 
 

ASSIMILATION OF COUNTRY-ROCK SULPHIDE MINERALS 
IN THE SOUTH MOUNTAIN BATHOLITH, NOVA SCOTIA, 
CANADA  

SAMSON, H.R., samsonh@dal.ca, and CLARKE, D.B., 
Dalhousie University, Halifax, NS, B3H 3J5 

The Late Devonian South Mountain Batholith (SMB) intrudes the 
Cambro-Ordovician meta-sandstones and siltstones of the Meguma 
Supergroup.  Whole-rock and mineral chemical data from major 
elements (A/CNK) and radiogenic isotopes (Sr-Nd) show that the SMB 
evolved by combined assimilation of the Meguma country rock and 
fractional crystallization (AFC) of its magmas.  This investigation of its 
sulphide minerals tests the AFC model using textural and 
compositional variations in sulphides from the SMB and Meguma 
rocks.  Distinct changes in the abundance, size, shape, and inter-
granular relationships exist among sulphide minerals from the country 
rock and the SMB, as follows: Meguma remote from contact – pyrite 
(0.25-0.50 mm, subhedral to anhedral) > pyrrhotite (0.25-0.50 mm, 
anhedral) >> chalcopyrite (<0.25 mm, anhedral inclusions in Py and 
Po); Meguma close to contact – pyrrhotite (0.5-5.0 mm, anhedral) > 
pyrite (<0.25-1.0 mm, subhedral) >> chalcopyrite (<0.25-1.0 mm, 
anhedral inclusions in Po and Py); Meguma xenoliths in granite – 
pyrrhotite (1-15 mm, anhedral) > pyrite (0.5-5.0 mm, anhedral 
inclusions in Po) > chalcopyrite (0.25-0.5 mm, anhedral inclusions in 
Po); SMB granites – pyrite (0.25-5.0 mm, euhedral to anhedral) > 
chalcopyrite (0.25-1.5 mm, anhedral intergrowths with Py) > pyrrhotite 
(0.25-5.0 mm, anhedral).  In summary, from the Meguma, towards the 
contact and into the SMB, the proportions of Py and Cpy increase and 
Po decreases.  Additionally, the grain sizes of Py and Cpy progressively 
increase from the Meguma into the SMB, and Po shows no significant 
change.  Many sulphides in the SMB occur with xenolithic remnants 
and appear to be texturally and chemically modified equivalents of the 
Meguma sulphides. 
 
PETROCHEMISTRY OF PROTEROZOIC CONTINENTAL 
THOLEIITES OF THE WESTERN CHURCHILL PROVINCE 
AND IMPLICATIONS FOR THE EVOLUTION OF THE SUB-
CONTINENTAL LITHOSPHERE  

SANDEMAN, H.A., Northwest Territories Geoscience Office, 
Box 1500, 4601-B 52nd Avenue, Yellowknife, NT, X1A 2R3, 
hamish_sandeman@gov.nt.ca 

The Western Churchill Province (WCP) contains three Proterozoic 
continental tholeiite suites:  the 2450-2490 Ma Kaminak dykes (KD), 
the ca. 2190 Ma MacQuoid-Tulemalu (MTD) dykes, and mafic rocks 
of the >2111 Ma Happotiyik Member (HM) of the Hurwitz Group.  
The KD and HM intrude or stratigraphically overlie juvenile 
Neoarchean (2711-2679 Ma) rocks of the Kaminak belt.  The KD 
comprise north- to north-northeast-trending, greenschist facies to fresh, 
plagioclase megacrystic diabases, whereas the HM comprises weakly 
plagioclase porphyritic (≤ 1 cm), greenschist facies pillow and massive 
basalts.  The MTD are east-west-trending, sparsely plagioclase 
porphyritic diabase dykes that intrude Neoarchean rocks.  These suites 
are all continental tholeiites and, although they generally have evolved 
major and compatible trace element compositions, the MTD exhibit a 
wider range with mg #'s ≤ 0.72, Cr ≤ 1000 ppm and Ni ≤ 330 ppm.  
The three suites have incompatible trace element variations indicating 
fractionation of the assemblage olivine+clinopyroxene+plagioclase 
and, exhibit negatively sloped, variably enriched extended incompatible 
trace element profiles characterized by prominent to weak negative Nb, 
Ta, P and Ti anomalies.  These are features typical of basaltic magmas 
generated in subduction zone environments.  >Ndt values for the KD 
and HM are similar [KD = +0.2 to -1.6 (n = 14): HM = +0.1 to +0.8 (n 
= 9) and cluster near the chondritic uniform reservoir (CHUR).  In 
contrast, the MTD exhibit highly variable >Ndt values ranging from 
+0.5 to -6.6 (n = 11). 
One of the most striking geochemical features of the suites is that they 
share a common "arc-like" character, exemplified by their extended 
incompatible trace element patterns.  Each suite, however, has different 
abundances of the incompatible elements, and variably developed Nb, 
Ta, P and Ti troughs.  This "subduction signature" is interpreted as an 
inherent characteristic of a common source(s) and, in the case of the 
MTD, is inferred to be in part a function of assimilation of continental 
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crust.  The common source is interpreted to be metasomatically 
enriched lithospheric mantle (MELM) stabilized immediately 
subsequent to accretion of the Neoarchean terranes of the WCP.  
MELM is recognized as a primary component in the genesis of both 
ultrapotassic rocks and many "arc-like" continental tholeiites 
worldwide.  Melts from such a source are likely represented in all three 
Proterozoic mafic suites of the WCP. 
 
SPATIAL DISTRIBUTION OF MERCURY AND OTHER 
TRACE ELEMENTS IN LAKE SEDIMENTS DURING THE 
POST-COAL UTILIZATION PERIOD IN THE WABAMUN 
AREA OF ALBERTA, CANADA  

SANEI, H.1, hsanei@uvic.ca, GOODARZI, F.2, TELMER, K.1 
and LABONTÉ, M.2,  1 School of Earth and Ocean Sciences, 
University of Victoria, BC;  2 Geological Survey of Canada, 
Calgary, AB 

This study was aimed to investigate the spatial distribution of Hg and 
other trace elements in the recent lake sediments representing the post-
coal utilization era (post-1956) in the Wabamun region of Alberta, 
Canada.  The spatial distributions of elements were determined in nine 
sediment cores from the following 8 lakes located in central Alberta: 
Lac La Nonne (LLN), Lessard Lake (LSD), Chip Lake (CHIP), Brock 
Lake (BCK), Isle Lake (ISLE), Jackfish Lake (JFL), Lac St Anne 
(LSA), Sandy Lake (SND), and Wabamun Lake (WAB).  Each lake is 
located within various emission ranges from the region’s four power 
plants, namely the Wabamaun, Sundance, Keephills, and Genesee 
stations. 
The spatial distribution of Hg and most elements of environmental 
concern (e.g., Sb, As, Cu, Cd, Pb, Zn) in post-1956 deposited 
sediments do not show a so-called “bulls-eye” pattern around any of the 
power plants.  The lack of such a pattern in the top sections of the 
studied lake sediments suggests either an insignificant impact from the 
power plants in the study area or post depositional redistribution of 
these elements. 
A non-parametric correlation between the spatial distribution of 
elements in post-industrial sediments and the radial distances of the 
sediment cores from the power plants lead to the following 
conclusions: 
(i)  A significant negative correlation was found for elements Al, Ce, 
Hf, Ga, Nb, Ti, W and Zr, which are typically enriched in the siliceous 
fly ash emitted.  The negative correlation is caused by a decrease in 
deposition of the given element with increasing distance from the 
power plants.  This is a strong indication of a link with emissions from 
the power plants. 
(ii)  Concentrations of Hg and other trace elements such as As, Cd, Cu, 
Pb, and Zn do not significantly correlate with distance from the power 
plants.  With respect to Hg, the lack of relationship may indicate that 
the species of Hg emitted (likely to be dominantly Hg(0)) does not 
readily precipitate within the study area – it is transported great 
distances – and so a “bullseye” is not developed.  Alternatively, the 
obscure relationship indicates that post-depositional diagenetic 
processes affect the distribution of Hg in the sediments. 
Concentration depth profiles in the sediments and the associated 
porewaters suggest that geochemical processes impact the mobility and 
vertical distribution of trace elements in these sediments.  Although 
inputs of Hg to ecosystems have clearly be elevated by anthropogenic 
activities, diagenetic processes, as well as natural inputs of Hg cannot 
be ignored in determining the temporal and spatial distribution of Hg in 
lake sediments. 
 
K-AR AGE CONSTRAINTS AND STRUCTURAL 
CHARACTERISTICS OF SUPRACRUSTAL FAULTS 
RELATED TO THE ST. LAWRENCE RIFT SYSTEM, CANADA  

SASSEVILLE, C., TREMBLAY, A., Université du Québec à 
Montréal, 201 avenue du Président-Kennedy, Montréal, QC, H3C 
3P8, Canada, christian_sasseville@hotmail.com, and CLAUER, 
N., Centre de Géochimie de la Surface (CNRS-ULP), 67084 
Strasbourg, France 

The St. Lawrence rift system (SLRS) is a seismically active zone where 
fault reactivation is believed to occur along late Proterozoic to early 
Paleozoic normal faults related to the opening of Iapetus ocean.  The 
rift-related faults fringe the contact between the Grenvillian basement 
to the NW and Cambrian-Ordovician rocks of the St. Lawrence 
Lowlands to the SE, and occur also within the Grenvillian basement.  
The SLRS trends NE-SW and represents a half-graben that links the 
NW-SE-trending Ottawa-Bonnechère and Saguenay River grabens, 
both interpreted as Iapetan failed arms.  Coastal sections of the St. 
Lawrence River exposing fault rocks related to the SLRS have been 
studied between Quebec city and the Charlevoix astrobleme.  Brittle 
faults marking the SLRS consist of NE- and NW-trending structures 
that commonly show mutual crosscutting relationships.  Fault rocks 
consist of gouges, fault breccias, cataclasites and pseudotachylytes.  
High-resolution, offshore seismic reflection data acquired in the St. 
Lawrence River estuary successfully identify submarine topographic 
reliefs attributed to the SLRS.  The lack of isotopic age data and the 
absence of rock strata younger than the Ordovician along the onland 
section of the SLRS make difficult to constrain the timing of younger 
increments of faulting.  Field relationships suggest that faulting is 
younger than the Devonian (?) Charlevoix astrobleme whereas C, O, Sr 
and Pb isotopic data on discrete fault veins of the SLRS are suggestive 
of faulting in Late Jurassic-Early Cretaceous times. 
This contribution presents the results of ongoing K-Ar analysis and 
fieldwork focused on supracrustal faults of the St. Lawrence rift system 
in the Quebec City and Charlevoix areas.  Brittle fault zones were 
mapped in detail and fault rocks material was sampled for K-Ar dating 
at typical localities along the rift system.  In the Quebec City area, 
preliminary K-Ar ages on clay minerals extracted from fault rocks of 
the Montmorency fault suggest an incremental activity of the St. 
Lawrence rift system.  Fault gouge of the Montmorency fault yielded 
an apparent Upper Ordovician age of ca. 443 Ma.  Northeastward, in 
the Charlevoix area, preliminary K-Ar values obtained from two 
cataclasite samples of the St-Laurent fault, exposed at Sault-au-
Cochon, suggest that faulting occurred both in Middle Ordovician (ca. 
466 Ma) and Middle-Late Devonian (ca. 384 Ma) times. 
 
FOSSIL FORAMINIFERA PROXY INDICATORS OF AN 
ANCIENT HURRICANE (?) EVENT IN CHEZZETCOOK 
INLET (NOVA SCOTIA) SEDIMENTS  

SCHAFER, C.T., Bedford Institute of Oceanography, P.O. Box 
1006, Dartmouth, NS, B2Y 4A2, schafer@nrcan.gc.ca, and 
MEDIOLI, F.S., Dept. of Earth Sciences, Dalhousie University, 
Halifax, NS, B3H 3J5 

As hurricane-strength storms of tropical origin (SOTOs) approach the 
east to west-oriented southern coast of Nova Scotia, they typically 
provoke the erosion of inner shelf seafloor sediments and transport 
them into adjacent coastal environments.  The relatively distal and deep 
water origin of these inner shelf displaced sediments (compared to 
those redeposited by almost all other types of storms) can usually be 
attributed to the higher wave heights and storm surges of SOTOS.  
Hurricane Juan (September 29, 2003) was just such a storm.  It made 
landfall near Prospect, a small south coast village located about 20 km 
west of the City of Halifax and 75 km west of Chezzetcook Inlet.  The 
storm's devastation provoked discussions on whether other hurricanes 
might be imprinted in local marine sediment archives that have 
accumulated near the mouth of Chezzetcook Inlet over the past 300 to 
400 years.  The Inlet is well-positioned to feel the full impact of SOTO-
type events. 
Examination of closely spaced (2 cm) subsamples from two vibracores 
collected in a lower estuarine setting on the inner (north) side of the 
Inlet's bay mouth barrier bar has identified a number of probable storm 
(displaced) assemblages consisting of inner shelf benthic and 
planktonic foraminifera species.  Several Cƒ¡ƒ¤ƒndates (± 50 years 
resolution) obtained for each of the cores imply that some of these 
displaced assemblages represent the occurrence of pre-19th century 
SOTO's.  Very strong apparent SOTO ¡§proxy signals¡¨ feature the 
occurrence of displaced, relatively large and/or deeper living inner 
shelf species, and the presence of moderate to large numbers of 
planktonic foraminifera tests.  Using this empirical approach, an 
apparent relatively powerful SOTO, perhaps somewhat similar to Juan 
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(?), has been tentatively identified in the lower section of one core.  
This particular SOTO(?) layer has a 14C estimated age range that falls 
between 1590 and 1790 AD.  Confirmation of the presence of this 
storm event at other similar nearby coastal depositional settings would 
imply that hurricane-strength SOTO's also reached this part of the coast 
during Little Ice Age climatic conditions. 
 
NWT GEOSCIENCE OFFICE COMMUNITY OUTREACH 
PROGRAM:  GAMETI, NWT  

SCHREINER, D., Northwest Territories Geoscience Office, 4601 
B 52 Ave., Yellowknife, NWT, X1A 2R3 

The NWT Geoscience office has an active Outreach program that 
provides geological information sessions to local schools, communities 
and interest groups. One of the field-based educational programs 
offered is the Community Mapping Program. The purpose of the 
program is to foster an interest in geology on a local level within the 
community as well as familiarize people with the nature of work done 
when bedrock mapping. The end product is a poster that focuses on the 
geology, landforms, historic sites and other areas of interest described 
by the community. This poster is designed for the community, about 
the community - in an effort to encourage a general increase in interest 
in geology as well as providing an educational tool for teachers. 
In 2004, a community mapping project was undertaken in Gameti, 
NWT, as a joint venture with the Gameti First Nation.  Consultations 
with the Band office and community members were an integral part of 
the program. The Band itself hired the geological assistants and guide 
to work on the project. Open houses were held in the community during 
the mapping project to share the information being gathered, and 
people were encouraged to bring their questions forward and add their 
knowledge to the project. These sessions also provided an opportunity 
for people to ask questions on exploration/mining and mineral 
resources. 
The project involved teaching basic geological mapping skills, rock and 
mineral identification, compass traverse, sample collection, GPS usage, 
digital photography, and landforms and glacial feature identification. 
GIS basics were also taught to the two local assistants. As part of the 
fieldwork, 3 days were spent installing a teleseismic station as the team 
worked with a POLARIS (Canadian geophysical research consortium) 
crew. 
The Gameti community poster consists of a geologic map, descriptive 
notes and photographs assembled in consultation with Gameti 
community members. The poster has been distributed to the community 
and a presentation was given at a community open house to the general 
public, Band council and the school. The poster and information on the 
mapping program is posted on the Northwest Territories Geoscience 
Office website, and graphics, text and html files were supplied to 
Gameti for their website. 
It is hoped that this hands-on experience will foster an interest in 
careers in science and technology. The increased knowledge of the 
geology, mineral resources and the exploration/mining business can 
serve as background information in making land use decisions. 
 
RECONNAISSANCE INVESTIGATIONS IN THE QUEEN 
MAUD BLOCK NORTH CENTRAL MAINLAND, NUNAVUT  

SCHULTZ, M., mschultz@ualberta.net, CHACKO, T., 
HEAMAN, L., Department of Earth and Atmospheric Sciences, 
University of Alberta, Edmonton, AB, T6G 2E3, and 
SANDEMAN, H., Northwest Territories Geoscience Office, PO 
Box 1500, Yellowknife, NT, X1A 2R3 

The Queen Maud Block (QMB) occupies a keystone tectonic position 
between the Slave and Churchill cratons in Arctic Canada, but despite 
its importance, has seen very little geological investigation.  
Reconnaissance mapping in the early 1960’s described the QMB as a 
high-grade gneiss terrane.  Early mapping combined with regional 
geophysical datasets and investigations in adjacent areas provided the 
basis for current geotectonic models.  One model predicts that the 
QMB is analogous to a deeply-eroded Tibetan plateau, formed as a 
result of 1.9-2.0 Ga collision between the Slave and Churchill cratons.  
In this model, high-grade metamorphism in the QMB is inferred to be 

concurrent with Paleoproterozoic metamorphism and magmatism in the 
Taltson-Thelon orogenic belt (TTO).  An alternative hypothesis 
indicates that assembly was earlier, the TTO is intracontinental in 
nature, and that high-grade metamorphism in the QMB likely preceded 
TTO orogenesis.  Using publicly available aeromagnetic data, a 
helicopter-sampling program was designed to provide reconnaissance 
coverage of the QMB.  These data outline three N- to NE-trending 
domains; a linear eastern magnetic high, a central magnetic low, and a 
complex western magnetic high.  Sampling transects completed in 
August 2004, averaged 100 km in length with sample spacing of ca.10 
km.  52 samples were collected for petrologic, isotopic and 
geochronological investigation.  All three domains were examined with 
additional samples obtained farther east to ensure coverage across the 
margin of the QMB and to provide a link with the ongoing Boothia 
Peninsula Project (C-NGO).  The eastern magnetic high is comprised 
primarily of moderately to highly strained augen-textured monzogranite 
to granodiorite, with lesser tonalite and charnockite.  The central 
magnetic low consists mainly of psammitic to semi-pelitic 
metasedimentary rocks.  The presence of garnet±cordierite±sillimanite-
K-feldspar-bearing leucosomes in the migmatized semi-pelites and 
orthopyroxene in quartzofeldspathic lithologies indicate that these 
rocks were metamorphosed to granulite-facies conditions.  The western 
magnetic high is lithologically similar to the eastern magnetic high.  
Structurally, all rocks trend NNW to NE and exhibit moderate to steep 
easterly dips.  Mylonitic or high strain zones are sub-vertical.  
Lithologies and structural elements, particularly within the granitoid 
rocks, were very similar to those observed in rocks of the Churchill 
craton proper, east of the QMB. 
 
STABLE ISOTOPE EVIDENCE FOR A SUBDUCTION ORIGIN 
FOR MANTLE ECLOGITES AND THEIR DIAMONDS  

SCHULZE, D.J.1, dschulze@utm.utoronto.ca, VALLEY, J.W.2, 
HARTE, B.3, CHANNER, D.M.DER.4, SPICUZZA, M.J.2 and 
VILJOEN, K.S.5,  1 University of Toronto, Erindale College, 
Mississauga, ON, L5L 1C6;  2 University of Wisconsin, Madison, 
WI  53706;  3 University of Edinburgh, Edinburgh, UK, EH9 
3JW;  4 Guaniamo Mining Company, Caracas, Venezuela;  5De 
Beers, Johannesburg, South Africa 

The suggestion of Helmstaedt and Doig (1973, 1975) that eclogite 
xenoliths in Colorado Plateau diatremes represent subducted oceanic 
lithosphere was controversial, yet testable.  Implicit in this hypothesis, 
later extended to eclogites in cratonic kimberlites, is that such rocks 
should have stable isotope signatures reflecting processes operating on 
or near the sea floor.  Although such data existed for Roberts Victor 
eclogites (Garlick et al. (1971) published oxygen isotope data in the 
range *18O SMOW +2.2 to +8.0 per mil), these signatures were 
interpreted as the result of mantle fractionation processes.  The oxygen 
isotope composition of typical upper mantle is now accepted as being 
homogeneous, with *18O values in the range +5 to + 6 per mil.  Most 
subsequent studies, beginning with Jagoutz et al. (1984), interpreted 
anomalous oxygen isotope data as indicating an ocean floor heritage for 
such eclogites.  Anomalously low carbon isotope ratios in eclogitic 
diamonds have also been interpreted by many workers as representing 
biogenic carbon subducted into the mantle with the basalts (e.g., 
Sobolev et al., 1979), although some workers continue to object 
strenuously to this hypothesis.  Oxygen isotope data are more difficult 
to dismiss; such values cannot be produced by igneous fractionation 
processes in the upper mantle (Clayton et al., 1975).  The extensive 
data set of oxygen isotope compositions of mantle eclogites strongly 
supports the subduction hypothesis.  Published analyses (n>150) and 
new data (n>140), representing 25 localities, indicate that all but one 
suite has eclogites with anomalous oxygen isotope compositions.  Less 
than half of the samples are within the “normal mantle” range, 25% 
have values in the range +2.20 to +4.99 per mil and 32% are above 
+6.0 (to 9.26 per mil).  Published data for diamondiferous eclogites 
demonstrate that all samples with anomalously light carbon isotope 
ratios in diamond (*13C PDB in the range -10 to -23 per mil) coexist 
with silicates with anomalously high oxygen isotope values (*18O > 6.0 
per mil).  Our data for eclogitic diamonds with coesite or garnet 
inclusions extend the oxygen isotope data for eclogitic diamond-silicate 
pairs to extremely high values (*18O of +8.8 to +16.9), hosted by 
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diamonds with *13C values as low as -22 per mil.  The fact that all 
diamonds with anomalously low carbon isotope signatures (< -10 per 
mil) are paired with silicates with ocean floor oxygen isotope 
signatures (> 6.0 per mil) provides very strong support for a crustal 
biogenic source for this carbon. 
 
STRAIGHT GNEISS ZONES AT THE NORTHWESTERN 
BOUNDARY OF THE MAZINAW DOMAIN, GRENVILLIAN 
COMPOSITE ARC BELT, SOUTHEASTERN ONTARIO  

SCHWERDTNER, W.M., fried.schwerdtner@utoronto.ca, 
SERAFINI, G. and YAKOVENKO, A., Department of Geology, 
University of Toronto, Toronto, ON, M5S 3B1, Canada 

Except in the triangular Mazinaw domain, exposed rocks of the 
Composite Arc Belt seem to be unaffected by 1090-980 Ma 
metamorphism and ductile deformation of the Grenvillian/Ottawan 
Orogeny.  Based on structural data from the eastern and western 
boundaries, others have interpreted the Mazinaw domain as a raised 
fault block.  The northwestern domain boundary is marked by two 
slightly overlapping zones of straight gneisses called, respectively, the 
Madawaska River zone (MRZ) and the Lucky Lake zone (LLZ).  
Others have mapped the well-layered tectonites of these zones as 
metasedimentary rocks, but we interpret them as straight gneisses.  
Apart from its co-planar layering and foliation, alaskitic straight gneiss 
(formerly called 'meta-arkose') is characterized by variable grain size 
reduction and uneven flattening of foliation-parallel, quartz and quartz-
feldspar veinlets.  The 300-700 m wide MRZ marks the northeastern 
half of the domain boundary, and follows the Madawaska River 
northeast of Calabogie Lake.  Near its southeastern border, the straight 
gneisses of the MRZ have been brecciated at shallow crustal levels.  By 
contrast, the 330-500 m wide LLZ marking the southwestern half of the 
domain boundary seems to be devoid of shallow crustal breccia. 
Folded marble units covering >20% of the Mazinaw domain and its 
northwestern neighbour are severely strained, as indicated by the wide 
spacing of small pegmatite and calc-silicate boudins.  Thick pegmatite 
sheets within major marble units are typically transformed into augen 
gneiss and other mylonite varieties.  Most important, a major marble 
unit containing mylonitic pegmatite forms the northwestern wall of the 
LLZ (northeastern portion) and, during mid-crustal Grenvillian 
deformation, must have been much weaker than the silicate rocks of the 
LLZ.  Evidently the mid-crustal strain was widely distributed within the 
marble-rich walls, rather than being concentrated at the domain 
boundary.  Such widely distributed strain is difficult to reconcile with 
the fault-block scenario, however, unless the Mazinaw domain was 
raised within the upper crust, after regional ductile deformation. 
 
MAGMATIC FLUIDS:  A KEY TO FORMING 'GIANT' 
VOLCANOGENIC MASSIVE SULFIDE DEPOSITS  

SCOTT, S.D., scottsd@geology.utoronto.ca, YANG, K. and XU, 
Q., Scotiabank Marine Geology Research Laboratory, 
Department of Geology, University of Toronto, Toronto, ON, 
M5S 3B1 

Metals in volcanogenic massive sulfide (vms) deposits can be obtained 
from high-temperature seawater-rock reactions in subseafloor 
circulatory hydrothermal systems or from magmatic fluids.  Melt 
inclusions in phenocrysts of volcanic rocks provide a means of 
evaluating the potential for a magmatic contribution to the ore-forming 
fluids.  We present results of a melt inclusion study on the volcanic 
rocks that host active seafloor hydrothermal fields in the eastern Manus 
immature back-arc pull-apart basin of Papua New Guinea and the 
submarine Kick’em Jenny arc volcano offshore Granada in the Lesser 
Antilles arc of the Caribbean, as well as an Ordovician-age back arc in 
New Brunswick, Canada that hosts the “giant” (134 mmt) Brunswick 
#12 vms ore deposit. 
A fluid phase, CO2-rich with lesser H2O and CH4 in mafic volcanics 
and H2O-rich in felsic volcanics, is typically observed in the vapour 
bubbles of melt inclusions, indicating that the magma was saturated 
with volatiles prior to eruption.  Tiny crystals and amorphous 
precipitates (recrystallized at Brunswick #12) of Fe, Ni, Zn, Cu and Mn 
chlorides, sulfides and oxides coat the walls of the vapour cavities.  
Glass of the melt inclusions compared to that of the rock matrix from 

Manus has significantly higher concentrations of H2O, Cl and S 
indicating that at least 1.0 to 1.7wt% of these volatiles were exsolved 
from the magma.  One km3 of magma emplaced in a shallow chamber 
could generate 35.1 mmt of magmatic fluid that would contain as much 
as 0.8 mmt Zn and 2.5 mmt Cu.  If the degassing is pre-eruptive, there 
is the possibility of this metal-rich magmatic fluid being added to the 
normal hydrothermal seawater circulation system.  Only 1% of such 
magmatic fluid mixed with 99% of heated seawater, that has leached its 
metals from rocks, would contribute over 85% of the total metals to 
form an ore body and could be responsible for the formation of giant 
ore deposits such as Brunswick #12.  If so, the subvolcanic intrusion 
that typically occurs beneath such deposits is not just a passive “heat 
engine” that causes the hydrothermal circulation but plays a critical role 
in providing metals.  Petrological or geochemical evidence in lavas of 
degassing of their source magma prior to eruption, when high 
concentrations of metals could be added to the hydrothermal circulation 
system, would constitute an exploration guide for vms deposits. 
 
THERMAL, COMPOSITIONAL, AND ISOTOPIC 
CONTAMINATION OF THE TUNK LAKE PLUTON, 
COASTAL MAINE, USA  

SEAMAN, S.J. and GYLLING, H., University of Massachusetts, 
242 Morrill Science Center South, Amherst, MA 01003, 
sjs@geo.umass.edu 

The Tunk Lake granitic pluton of coastal Maine, USA, preserves 
evidence for the role of contamination of a granitic magma by gabbroic 
magma that partially surrounded and underlay the magma body in 
producing a concentrically zoned granitic intrusion.  Field evidence for 
the contamination of the granitic magma by the gabbroic magma 
consists of inclusions of gabbro and basalt in the outermost reaches of 
the granite, and the liquid-liquid nature of the boundary between the 
granitic pluton and the surrounding gabbro.  The Tunk Lake pluton is 
approximately 10 km in diameter, and is concentrically zoned in: 
mineral assemblage, mineral composition, major and trace element 
concentration, Nd isotopic ratio, and abundance of hydrous minerals.  It 
is a slightly alkaline, 366 ± 1 Ma granitic intrusion, with a thin (to 30 
m) outer contact zone that grades inward successively to hypersolvus 
granite, rapakivi granite, and subsolvus granite, with gradational 
contacts between these zones.  The outermost (hypersolvus) zone 
consists of perthitic alkali feldspar and aegirine-augite. The middle 
(rapakivi) zone consists of rapakivi feldspar with aegirine-augite 
gradually replaced by hornblende toward the interior of the pluton.  The 
core (subsolvus) zone hosts both alkali feldspar (microcline) and 
plagioclase feldspar, and biotite replaces hornblende nearer the center 
of the pluton.   Mg/Fe of both hornblende and biotite decrease toward 
the center of the pluton.  In terms of major and trace element 
concentrations, the hypersolvus granite is the least silicic, and has the 
lowest concentration of large-ion lithophile (LIL) elements of the three 
granite zones, and the subsolvus granite in the core is the most silicic 
and most LIL-rich.  Isotopic ratios of the granites and of the 
surrounding gabbro indicate that the granites also represent varying 
degrees of hybridization between the granitic and the gabbroic 
magmas.  Initial >Nd of granite from the three concentric zones of the 
pluton increases outward from the center of the pluton (+2.17) to the 
edge (+2.46), suggesting that the gabbro that surrounds and underlies 
the pluton (initial >Nd = +5.32) more effectively contaminated the outer 
(and originally deeper) reaches of the granitic pluton.  The Tunk Lake 
pluton illustrates the contrast between contamination by solid wallrock 
and by hot underlying magma in affecting the composition and 
appearance of a granitic pluton; in the Tunk Lake pluton, the gabbroic 
magma contaminant produced a strong thermal gradient and an 
associated water concentration gradient across the pluton, in addition to 
a gradient in granitic magma composition and mineral assemblage. 
 
EVALUATING THE UTILITY OF HYDROCARBONS FOR Re-
Os GEOCHRONOLOGY:  ESTABLISHING THE TIMING OF 
PROCESSES IN PETROLEUM AND ORE SYSTEMS  

SELBY, D., dselby@ualberta.ca, and CREASER, R.A., 
robert.creaser@ualberta.ca, Department of Earth and 
Atmospheric Sciences, University of Alberta, Edmonton, AB, 
Canada, T6G 2E3 
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The Re-Os isotope chronometer is becoming a widely applied tool to 
ore systems, specifically using molybdenite and other sulphide minerals 
to constrain the timing and duration of mineralization.  However, in 
many cases such as Mississippi Valley-type deposits and petroleum 
systems, viable sulphides for the Re-Os chronometer are not available 
and thus establishing the timing of events in these systems remains 
problematic.  In this regard, the known presence of Re and Os 
associated with organic matter in black shale, a common source of 
hydrocarbons, may suggest that bitumen and petroleum common to 
Mississippi Valley-type deposits and petroleum systems may be 
utilised for Re-Os geochronology.  The potential of the Re-Os isotopic 
system for geochronology and as an isotopic tracer for hydrocarbon 
systems is evaluated here based upon Re-Os isotopic analyses of 
bitumen and oil sands. 
Hydrocarbons formed from migrated oil in both Alberta Oil Sand 
deposits and a Paleozoic Mississippi Valley-type Pb-Zn deposit 
contains significant Re (tens of ppb) and Os contents (ppt to ppb), with 
high 187Re/188Os and radiogenic 187Os/188Os ratios suitable for 
geochronology. 
Bitumen from the Polaris MVT deposit shows significant variation in 
187Re/188Os and 187Os/188Os values between samples on a deposit and 
drillhole scale.  The majority of these analyses define a linear array on 
a Re-Os isochron diagram and yield a Re-Os regression age of 374.2 ± 
8.6 Ma (Model 3, MSWD = 11.7, 2F) in excellent agreement with the 
age of this deposit independently determined by Rb-Sr dating of 
sphalerite, and paleomagnetic methods. 
Oil from six Alberta oil sand deposits yields Re-Os analyses with very 
high Re/188Os ratios (350 – 1450), and radiogenic Os isotopic 
compositions (187Os/188Os ~ 1.2 - 4.2).  Regression of the Re-Os data 
yields a Model 3 Re-Os date of 116 ± 27 Ma (MSWD = 21, 2F) with an 
initial 187Os/188Os of 1.40 ± 0.56.  This date likely represents the period 
of in situ radiogenic growth of 187Os following hydrocarbon migration 
and reservoir filling, thus directly dating these processes, and this 
formation age is in agreement with recent burial history models for 
parts of the Western Canada Sedimentary Basin.  The very high initial 
187Os/188Os for this regression requires rocks significantly older than 
Cretaceous for the hydrocarbon source(s). 
The Re-Os data demonstrate the promising utility bitumen and oil has 
to yield valuable age information on the timing of petroleum generation 
and migration. 
 
NITROGEN DYNAMICS AND CORN GROWTH IN 
MANURE/COVER CROP SYSTEMS  

SERRAN, S.M., sserran@uoguelph.ca, DEEN, W. and 
LAUZON, J.D., University of Guelph, Guelph, ON, N1G 2W1 

Effective management of manure nitrogen using cover crops requires 
that significant amounts of nitrogen be taken up by the cover crop, and 
that mineralization patterns coincide with subsequent crop nitrogen 
demands.  The objectives of this study are to determine if cover crops 
can be used to reduce environmental losses of nitrogen, and to assess 
the agronomic benefits of cover crops and manure to subsequent corn 
yields.  The study was conducted in Ontario at two locations (St.Mary’s 
and Elora) over a one-year time period using four cover crops, red 
clover (Trifolium pratense), oats (Avena sativus L.), oilseed radish 
(Raphanus sativus L.) and rye (Secale cereale L.).  Liquid hog manure 
was applied in the fall of 2003 at 0-kg N ha-1, 100-kg N ha-1 and 200-kg 
N ha-1.  Ammonia volatilization was measured on selected plots one 
hour after application and then 1, 3, 7 and 14 days after application of 
manure.  Winter annual cover crops were killed with a herbicide in the 
late fall or early spring.  Soil samples were taken biweekly and 
analyzed to determine nitrogen content, basic soil properties and 
moisture content.  Plots, which did not receive manure in the fall, 
received nitrogen fertilizer in the spring at 0, 50, 100, 150, 200, 250 kg 
N ha-1 before the corn crop was planted.  Preliminary results indicate 
that cover crops may result in reduced risk of surface and groundwater 
contamination while enhancing profits by reducing the amount of 
nitrogen fertilizer required. 
 

CARBON DIOXIDE PRODUCTION FROM THE 
RHIZOSPHERE OF C-13 PULSE-LABELLED CORN AND 
SOYBEAN  

SEY, B.K., bsey1@yahoo.com, WHALEN, J.K., Department of 
Natural Resource Sciences, 21,111 Lakeshore Road, Ste Anne de 
Bellevue, QC, H9X 3V9, whalenj@nrs.mcgill.ca, and 
GREGORICH, E., Agriculture and Agri-Food Canada, Central 
Experimental Farm, 960 Carling Avenue, Ottawa, ON, K1A 0C6, 
gregoriche@agr.gc.ca 

The rhizosphere, soil in the immediate vicinity of plant roots, is known 
to support a large number of microbes and high microbial activity.  
This is due to the nutrient rich environment created by roots through 
the process of rhizodeposition. Rhizosphere respiration may range from 
30% to 80% of total belowground efflux of CO2 and is influenced by 
crop species.  Legumes and non-legumes, for example, have different 
patterns of rhizodeposition.  While corn roots are estimated to release 
0.34 kg C m-2y-1 into the soil, soybean roots have been estimated to 
contribute much less, about 0.13 kg C m-2 each year.  Although tracer 
methods have led to significant progress in understanding C cycling 
within the rhizosphere, not much is known about the dynamics and 
partitioning of recently assimilated C between the roots and shoots of 
legumes and non-legumes during the growing season, and how this 
partitioning affects the root exudation and the production of CO2 from 
rhizosphere-associated soil.  Our objective in this study was to pulse-
label corn and soybean with 13C-CO2, at different growth stages of the 
plants, in order to investigate the partitioning of the newly assimilated 
13C between the roots, shoots and rhizosphere-associated soil.  We also 
set out to determine how this partitioning affects the production of CO2 
from the soils.  Corn and soybean were grown seperately in specially-
fabricated PVC pots fitted with lids equipped with a rubber septa for 
headpace-gas sampling and a hole for plant shoot emergence.  Prior to 
labelling, the holes in the lid around the plant stem were sealed with 
low melting point paraffin wax. Plants were pulse labelled with 13C-
CO2

 
SEDIMENT TRANSPORT PROCESSES ON GLACIATED 
COASTS OF SOUTHWEST NEWFOUNDLAND  

SHAW, J., Geological Survey of Canada (Atlantic), Bedford 
Institute of Oceanography, Dartmouth, NS, B2Y 4A2, 
johnshaw@nrcan.gc.ca 

Sediment transport and deposition processes on glaciated coasts are 
conditioned by physiographic setting, sediment availability and relative 
sea-level trends.  Examples from southwest Newfoundland reveal 
transport and deposition systems that are more complex than in other 
glaciated areas.  In St. George's Bay, high sediment availability and 
slow sea-level rise have resulted in complex swash and drift-aligned 
systems.  The Stephenville beach-ridge complex is fronted by a 
substantial subaqueous platform; when accomodation space was filled 
up, platform growth facilitated sediment bypassing of sediment into an 
adjacent coastal compartment.  Growth of the nearby Flat Island spit-
barrier was facilitated by creation of a subaqueous platform that 
enveloped an early Holocene delta.  Spit growth has been accompanied 
by distal platform slumping and the formation of submarine fans along 
the platform sides.  In an adjacent basin, complete submergence of a 
former coastal system formed a complex, lobate spillover structure, 
accompanied by submarine slumping.  Farther north on this coast, a 
series of large submarine fans exists off the cliffed coast at the entrance 
to Bonne Bay.  These large fans may be derived from reworking of a 
large submarine moraine complex at the mouth of the bay.  The 
complexity of these coastal systems far exceeds that of the barrier-
coasts found elsewhere in Atlantic Canada. 
 
MAJOR, TRACE AND PLATINUM-GROUP ELEMENTAL 
GEOCHEMISTRY OF THE BAIMA AND TAIHE MAGMATIC 
Fe-Ti-V OXIDE DEPOSITS OF THE PERMIAN (260 MA) 
EMEISHAN LARGE IGNEOUS PROVINCE, SW CHINA  

SHELLNUTT, J.G., jgshelln@hkusua.hku.hk, ZHOU, M-F. and 
QI, L., The University of Hong Kong, Pokfulam Road, Hong 
Kong, Hong Kong SAR 
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In the Panxi (Panzhihua-Xi Chang) region, SW China, a series of large, 
strike-slip and normal faults has exposed the plutonic rocks of the 
Permian (260 Ma) Emeishan large igneous province (ELIP).  The ELIP 
of Sichuan, Yunnan and Guizhou Provinces consists of 0.3 x 106 km3 of 
flood basalts, spatially associated felsic plutons and layered mafic 
intrusions, some of which host the largest Fe-Ti-V oxide deposits in 
China.  The pairing of the felsic plutons with the ore bearing, layered 
mafic intrusions in several locations suggest these two rock types may 
be temporally related.  It is currently believed that the ELIP was created 
by a mantle plume based on geochemical and isotopic data of the 
basalts and some geophysical data.  The exposure of the felsic plutons 
and associated layered intrusions provides a unique opportunity to 
study the subsurface rocks of the ELIP and would greatly enhance the 
understanding of the petrogenesis and development of the magmatic 
oxide deposits of this region.  The most abundant plutonic rock types of 
the ELIP are gabbro, alkali granite and syenite.  These three rock types 
are spatially and, in most cases, geologically associated.  The gabbro 
and syenite are the most common geologic pairing of the three while 
the alkali granite is usually not in contact with the other two.  The 
Baima and Taihe layered gabbroic intrusions are intimately associated 
with alkaline plutonic rocks.  The bulk rock, trace element and 
platinum group element geochemistry suggest that the two Fe-Ti-V 
oxide deposits may have developed from the same source and by a 
similar mechanism.  Mineral and whole rock geochemical data suggests 
the two deposits resulted from fractional crystallization from an 
evolved magma which developed the unmineralized gabbroic and felsic 
alkaline rocks.  The mineralized layers of magnetite may have been 
formed from same magma as the unmineralized gabbro and alkaline 
plutonic rocks but resulted from the assimilation of CO2 from the older 
(600 Ma) carbonate country rock.  The assimilation of CO2 may have 
triggered the formation of a magnetite-rich liquid which subsequently 
formed the ore-bearing magnetite layers. 
 
MISSION TO THE MANTLE  

SHEPPARD, F., Park Interpreter, Gros Morne National Park of 
Canada P.O. Box 130, Rocky Harbour, NL, A0K 4N0, 
fred.sheppard@pc.gc.ca 

The Tablelands, an ophiolite suite, is the most significant geological 
feature in Gros Morne National Park of Canada.  Mission to the Mantle 
is an interpretive program that celebrates the bizarre geology and 
ecology of this spectacular place.  Through a series of slides, song, 
music and Shakespeare our intrepid park interpreter takes you on one 
hour geological journey of discovery to a strange and alien, massively 
moving, mountain of mantle. 
Gros Morne National Park of Canada was established in 1973 and is 
one of forty-two National Parks in Canada that protect and preserve 
nationally significant natural and cultural heritage areas.  Gros Morne 
was declared a Unesco World Heritage site in 1987 and the Global 
Stratotype Section and point for the Cambrian-Ordovician in 2000. 
 
A SOUTH CHINA FORELAND BASIN WITHOUT SOUTH 
CHINA DERIVED DETRITUS:  EVIDENCE FROM 
GEOCHEMISTRY AND DETRITAL ZIRCON SHRIMP U-Pb 
DATING  

SHER, Z.B., China University of Geosciences, Lumo Road 23th, 
Hongshan District, Wuhan, China, Shzb5202@163.com 

The Qinling-Dabie-Qilian Orogen, the so-called Central China 
Orogenic Belt, presents the largest exposure of ultra-high pressure/high 
pressure metamorphic rocks in the world.  Being the most important 
geological boundary in China, it separates the North China Block 
(NCB) from the South China Block (SCB).  However, the timing of the 
amalgamation of the North and South China blocks has been 
controversial yet.  Research on the late Triassic foreland basin 
sedimentary rocks from the northern margin of the SCB permits insight 
into the evolution of the Qinling-Dabie Orogen.  About 79 detrital 
zircons extracted from 2 sandstones were dated by SHRIMP II, and 
yielded consistent age spectrum, composing of age peaks at 300Ma, 
1.8Ga and 2.5Ga.  The data differ greatly from those of the SCB, which 
are characterized by dominating Jingnian ages (0.8-1.0Ga), but, 
unexpectedly, resemble those of the NCB.  Analysis of paleo-current 

directions of cross-bedded sandstones show a south-directed river 
dispersal, coeval with source from South Qinling (the southern part of 
the Qinling Orogen) overthrust belt, as generally considered.  
Interbedded fine-grainned clastic rocks have identical geochemical 
features (i.e., Th/Sc and La/Th ratios) with the Silurian-Devonian 
clastic rocks in South Qinling.  The foreland basin is developed on the 
basis of the northern margin of the SCB, however, no direct derivation 
of detritus from the SCB is detected, nor is indirect contribution.  The 
dramastic provenance information support the Middle Paleozoic 
collision and amalgamation of the NCB and SCB, which make NCB 
the source of the Mid-Late Paleozoic South Qinling passive margin 
basin.  The age peak 300Ma (250-320Ma) records another orogenic 
event between the NCB and the SCB during the Late Paleozoic, which 
is clear in Dabieshan and the western part of Qinling but invisible in the 
northern vicinity of the basin because of the intensive Indosinian thin-
skinned overthrust. 
 
THE NATURE AND ORIGIN OF WESTERN AUSTRALIAN 
TOURMALINE NODULES  

SHEWFELT, D.A., debbiebray@hotmail.com, ANSDELL, K., 
University of Saskatchewan, Saskatoon, SK, S7N 4W5, and 
SHEPPARD, S., Geological Survey of Western Australia, Perth, 
WA 

The origin of tourmaline nodules, bizarre spherical to irregular textures 
documented worldwide, remains a geologic mystery.  Although 
previously described by numerous researchers, the physical and 
chemical parameters that govern their formation have yet to be 
resolved.  Commonly containing tourmaline, quartz, and occasionally 
feldspar, nodules are surrounded by a halo of leucocratic host rock, and 
are typically eight to ten centimeters in diameter.  Tourmaline nodules 
of the present study are contained within the Paleoproterozoic Scrubber 
Granite of the southern Gascoyne Complex in Western Australia. 
This study integrated field observations, analytical results, and 
comparisons with other tourmaline nodule studies to propose the most 
scientifically sound theory for the formation of tourmaline nodules in 
the Scrubber Granite.  Methods and analyses used to attain this 
objective include a detailed mapping and sampling program, nodule 
petrography, tourmaline crystal chemistry, tourmaline fluid inclusion 
analyses, whole rock chemistry of nodule cores, leucocratic halo zones 
and host granite, as well as stable and radiogenic isotope signatures of 
tourmaline separates. 
Numerous nodule morphologies, including spherical and C-shaped 
nodules, along with other features such as tube-like nodules and 
tourmaline veins, occur in massive, porphyritic, foliated and sheared 
phases of the Scrubber Granite.  Microscopically, tourmaline displays 
prismatic, sub-rounded and massive textures, forming interlocking to 
irregular grain contacts with surrounding crystals.  Microthermometric 
studies completed on tourmaline fluid inclusions revealed that the 
nodule-forming fluid contained 14 to 15 weight percent NaCl + CaCl2.  
Based on stable isotope studies and homogenization temperatures, fluid 
temperatures were constrained between 450 and 700°C.  The *18O and 
*D concentrations of the nodule-forming fluid at this temperature range 
plot above the typical magmatic water field.  Tourmaline >Nd values 
indicate that the Scrubber Granite may have been disturbed by a later 
metamorphic event. 
Tourmaline nodules of the Scrubber Granite are herein proposed to 
have formed from the exsolution and rise of buoyant pockets or bubbles 
of volatile fluid derived from the crystallizing Scrubber Granite 
magma. 
 
MAGNETIC STUDIES OF SURFACE SOILS IN WINDSOR-
ESSEX COUNTY  

SHI, R.P., sruiping@uwindsor.ca, and CIOPPA, M.T., 
Department of Earth Sciences, University of Windsor, 401 Sunset 
Avenue, Windsor, ON, N9B 3P4 

Magnetic properties of sediments enable environmental studies related 
to their origin, transportation, deposition and post-depositional 
processes.  In order to investigate the possible effects of iron-related 
contaminants or anthropogenic activities on the magnetic signal, 
detailed field work has been done throughout Windsor-Essex County.  
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Field magnetic susceptibility has been measured every 2km using a 
Bartington MS-2 magnetic susceptibility meter.  Surface soil samples 
were, in general, collected every 4km.  At some sites with particularly 
high susceptibility, more detailed susceptibility measurements were 
made at an interval of 0.5 kilometer.   In the laboratory, concentration-
dependent magnetic parameters, such as susceptibility (k), anhysteric 
(ARM) and saturation isothermal remanent magnetization (SIRM) were 
measured.  As well, mineralogy and size-dependent parameters, such as 
frequency dependent susceptibility (kfd), hysteresis loops, ARM/k, 
SIRM/k, ARM/SIRM and S-ratios, have been measured and analyzed 
on selected samples.  Thermomagnetic behavior was also studied by 
measuring variations in magnetization and magnetic susceptibility as a 
function of temperature in order to determine the main magnetic 
minerals carried by the studied soils.  Our study indicates that the areas 
with high susceptibility are probably affected by the major Canada – 
US transportation corridor that passes through the county.  However, 
for some areas with high susceptibility, more detailed sampling and 
study are needed to investigate the possible controls on iron content. 
 
SALT TECTONIC SUB-PROVINCES BENEATH THE 
SCOTIAN SLOPE AND LAURENTIAN FAN, OFFSHORE 
EASTERN CANADA  

SHIMELD, J.W., Geological Survey of Canada (Atlantic), 
NRCan, Bedford Institute of Oceanography, Dartmouth, NS, B2Y 
4A2 

Progressive deformation of the Argo Formation—a Late Triassic to 
Early Jurassic unit containing massive halite with shale and minor 
anhydrite—is a process associated with the majority of prospective 
structures identified in the Scotian Basin.  This was not widely 
recognized prior to 1998 since most of the salt diapiric structures occur 
within a 100 to 150 km wide region beneath the modern continental 
slope whereas exploration activity was, until 1998, focussed beneath 
the continental shelf where salt diapirs are comparatively sparse.  
During 1998, the exploration focus shifted to the continental slope 
region in water depths between about 200 m and 3500 m.  
Consequently, there is now excellent coverage of multi-channel seismic 
reflection data within the 160000 square km slope region of the Scotian 
Basin: 69000 km of 2-D data and 23500 square km of 3-D data have 
been acquired since 1998.  We know recognize that salt tectonics is an 
important process to understand in both the shelf and slope regions. 
Five tectonostratigraphic subprovinces are defined beneath the Scotian 
Slope and Laurentian Fan.  Primary salt basins exist beneath the two 
westernmost subprovinces where there is relatively simple passive 
diapirism above the source layer.  Under the central Scotian Slope, 
extensive allochthonous canopies occur outboard of the Argo 
Formation depositional limit, creating a variety of thin-skinned 
extensional structures.  Under the eastern Scotian Slope there is a 
notable lack of diapiric structures due to the comparatively early 
development of an extensive roho system seaward of the primary salt 
basin.  Finally, under Laurentian Fan asymmetric structures manifest 
significant extension during the Cretaceous followed by contraction 
until at least the Neogene. 
The new data reveal that, across much of the Scotian Basin, salt 
deformation started in response to sedimentary loading shortly after 
deposition of the Argo Formation and, in some parts of the basin, it 
continues to the present day.  The effect on sedimentary and petroleum 
systems is profound and much work will be necessary to improve 
predictive models. 
 
A VORTICITY STUDY OF LATE PALEOZOIC 
TRANSPRESSION IN CENTRAL COASTAL MAINE  

SHORT, H.A., University of Maine, 5790 Bryand Global 
Sciences Center, Orono, Maine, USA, 04469-5790, 
heather.short@umit.maine.edu 

Estimates for the kinematic vorticity number (Wk) of flow for a late 
Devonian transpressive event were obtained from the distribution of 
deformed calcite veins with varying stretch histories, and the amount of 
rotation of calcite fibre veins in boudin necks from a unique outcrop in 
Winslow, Maine.  The outcrop consists of interbedded limestone and 
~4cm thick psammitic layers that show evidence for having enjoyed 

both pure and simple shear deformation.  Limestone layers contain 
abundant deformed calcite veins that experienced shortening, 
extension, or shortening-then-extension, depending on their orientation 
within the rock.  Psammite layers were extended and boudinaged, and 
calcite fibre veins filled boudin necks with fibres initially parallel to 
compositional layering in the psammite.  During progressive 
deformation, the boudins became asymmetric, displaying a top-to-the-
northeast vergence, and the fibre veins rotated with a dextral sense of 
shear.  Results indicate a Wk for the deformation of between 0.70-0.85, 
which implies a large component of simple shear in an overall 
transpressive deformation. 
The above deformation is contemporaneous with the formation of a 
northeast-trending cleavage/foliation that can be traced for tens of 
kilometers to the northwest and southeast across regional strike, and 
parallels the younger Norumbega shear zone.  This fabric is cross-cut 
by late Devonian plutons, which suggests that much of the late 
Paleozoic deformation in this area may have occurred in a transpressive 
setting. 
 
EFFECT OF LANDSCAPE POSITION, SOIL MOISTURE AND 
TEMPERATURE ON 2,4-D HALF-LIFE  

SHYMKO, J.L. and FARENHORST, A. Department of Soil 
Science, University of Manitoba, Winnipeg, Manitoba, Canada, 
R3T 2N2, umwils46@cc.umanitoba.ca 

The intensification of agriculture on the Canadian prairies has resulted 
in the widespread use of agro-chemicals.  2,4-D [2,4-(dichlorophenoxy) 
acetic acid] is the most widely used pesticide in the world, and third 
most widely used herbicide in Canada and the United States.  Soil 
microorganisms are primarily responsible for the degradation of 2,4-D 
in soil.  Soil moisture and temperature and their interaction greatly 
affect the diversity and abundance of 2,4-D degrading microorganisms.  
In order to more accurately predict the fate of 2,4-D in the soil 
environment, the role of soil moisture, temperature, and their 
interaction must be taken into consideration.  The plough layer (0 - 15 
cm) is highly influenced by the atmosphere, and thus subject to 
seasonal and diurnal variations in temperature and soil moisture.  The 
objective of this project was to assess the impact of slope position 
(upper, middle, and lower), soil depth (0-5 cm and 5-15 cm), soil 
moisture (50, 75, 100, 125% of field capacity), and temperature (5, 10, 
20, 40 °C) on the fate of 2,4-D in the plough layer.  The soil was 
obtained from a topographically complex agricultural field near Miami, 
Manitoba, Canada, predominantly situated on Pembina clay loam.  
Microcosm incubation experiments using 14C-ring labeled 2,4-D were 
used to determine mineralization half-lives (defined as the time that 
50% of the initially-applied 2,4-D is mineralized) as well as the amount 
of 2,4-D mineralized at 103 days.  The experiment was terminated at 
103 days because, for all treatments, the rates of mineralization had 
slowed to less than 1 % per week, possibly indicating that 2,4-D or 
other carbon substrates were no longer available to the microbes.  2,4-D 
half-lives ranged from 7 to 51 days and the amount of 2,4-D 
mineralized at 103 days ranged from 5 to 51%.  Generally, 2,4-D 
mineralization was less at the 40°C temperature than at other 
incubation temperatures.  Dry soils at 50% field capacity (FC) and 
excessively wet soils at 125% FC inhibited 2,4-D mineralization, 
relative to soils at 75% and 100% FC. Generally, 2,4-D half-lives 
increased from upper slope < middle slope < lower slope positions.  
Since temperature and soil moisture fluctuate regularly in agricultural 
fields, information on 2,4-D fate at various soil moisture contents and 
soil temperatures will enhance pesticide fate modeling, for example by 
identifying the role of agro-climatological models and data in 
predicting herbicide fate processes across soil-landscapes. 
 
DETERMINING PESTICIDE FATE USING THE FIRST-
ORDER KINETIC MODEL AND THE THREE-HALF-ORDER 
KINETIC MODEL  

SHYMKO, J.L. and FARENHORST, A., Department of Soil 
Science, University of Manitoba, Winnipeg, MB, Canada, R3T 
2N2, umwils46@cc.umanitoba.ca 

Several models have been used to describe the kinetics of pesticide 
mineralization in soils.  Utilizing a large data set of 2,4-D 
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mineralization in soil, the objective of this project was to compare two 
kinetic models for their accuracy in predicting 2,4-D biodegradation 
rates.  The first-order model was selected because it is frequently used 
in pesticide studies and the model has only two parameters that need to 
be determined.  The three-half-order kinetic model has four parameters 
that need to be determined and was selected because it has been 
described as a successful model in other studies.  The mineralization 
data was obtained using microcosm incubation experiments with clay 
loam soil and 14C-ring labeled 2,4-D.  The soil was sampled in an 
agricultural field near Miami, Manitoba, Canada from three slope 
positions (upper, middle, and lower) and at two soil depths (0-5 cm and 
5-15 cm).  2,4-D mineralization was determined at four soil moistures 
(50, 75, 100, 125% of field capacity) for each slope position and depth 
at an incubation temperature of 20°C.  Three additional incubation 
temperatures (5, 10, 40°C) were applied to the 75% soil moisture 
treatment.  Results indicated that the three-half-order kinetic model 
provided a better fit to the data than the first-order kinetic model, and 
provided more useful information to describe pesticide degradation 
kinetics such as lag phase, half-lives, total pesticide mineralization, and 
organic matter turnover rate.  Although the three-half-order kinetics 
model is more complex in its calculation, it may be a better model to 
use in pesticide fate models than first-order kinetics. 
 
AN ASSESSMENT OF LASER ALTIMETRY (LIDAR) FOR 
STRUCTURAL AND OTHER GEOLOGIC STUDIES  

SIKORSKY, R.I., Atomic Energy of Canada Ltd., Whiteshell 
Laboratories, Pinawa, MB, R0E 1l0, sikorskyr@aecl.ca 

Laser Altimetry (LiDAR) provides densely spaced (~1 m post spacing) 
and accurate (± 30 cm absolute and ± 15 cm relative) “bare-earth” 
elevation measurements for preparing high-resolution Digital Elevation 
Models (DEMs).  The benefit of LiDAR DEMs, for remote mapping of 
bedrock structure, surficial materials, and drainage, was assessed at 
four sites over the Whiteshell Research Area in Southeastern Manitoba 
((WRA) where more than 25 years of geoscience research on deep 
geological disposal of spent nuclear fuel, including boreholes 
investigations, has yielded an understanding of surface and deep 
geological conditions in this granitic area of the Canadian Shield. 
At Site 1, an asymmetric fault scarp seen in the LiDAR DEM can be 
readily interpreted to be underlain by a borehole-proven low-angle 
thrust fault.  Narrow-symmetric valleys in the DEM correspond to 
lineaments, found in previous remote and ground mapping, to be 
underlain by steep master-joints.  At Site 2, the LiDAR DEM delineates 
areas covered by sand and gravel from those covered with clay, and 
reveals in detail drainage channels that are completely concealed by 
vegetation in airphotos.  At Site 3, a system of juxtaposed ancient thrust 
faults is interpreted from the scarp-slope topography that is apparent in 
the LIDAR DEM.  At Site 4, the LiDAR shaded relief map shows 
lineaments to be narrow-symmetric and indicative of steep faulting.  A 
number of large lineaments that are not apparent in airphotos or 
Landsat imagery are strikingly revealed beneath vegetation by LiDAR.  
The apparent discontinuity of the Eaglenest Lake Fault over such 
vegetated areas, as seen in imagery, has been problematic and the 
legitimacy of projecting the fault over long distances through these 
types of gaps has been argued.  The LiDAR data clearly shows that the 
fault can extend over these vegetated areas and may be a continuous 
feature.  The steep structural style at Site 4 can be differentiated at a 
glance, in the LiDAR DEM, from the low-angle thrust faulting at Site 
3. 
Visualisation of LiDAR DEMS, in virtual flyovers and maps, has 
improved structural and hydrological interpretation at the WRA.  The 
high resolution, accuracy, and especially the bare-earth capabilities of 
LiDAR, reveal significant topographically related geologic and 
hydrologic features.  In particular, the LiDAR surveys have provided 
information on the location and inclination of fracturing that can be 
used to prepare discrete fracture network models.  LiDAR is an 
important complement to other common remote sensing methods for 
interpreting geologic conditions. 
 

GARNET-CLINOPYROXENE AND CLINOPYROXENE 
BAROMETERS AND P-T PATHS RECONSTRUCTION OF THE 
SLAVE ECLOGITES  

SIMAKOV, S.K., Geological Department, St.-Petersburg 
University, Universitetskaya emb. 7/9, St.-Petersburg, 199034, 
Russia, simakov@vap.usr.pu.ru 

The garnet-clinopyroxene and clinopyroxene barometers were 
proposed for mantle eclogites and peridotites on the basis of the CaTs 
solubility in clinopyroxene coexisting with garnet by the reaction: 
Ca3Al2Si3O12  +  2Mg3Al2Si3O12  =  3CaAl2SiO6  +  3Mg2Si2O6

 Gross Pyr CaTs En 
The barometers permit to estimate P-T conditions for eclogite and 
peridotite garnet-clinopyroxene assemblages, including those with 
sodium-rich pyroxenes in the range of 650° T 1820°C and 20 P 70 
kbar.  It was used to determine formation conditions for Slave craton 
eclogites (Kopylova et al, 1999).  From the calculations it follows that 
their formation was in the range of 60-150 km and mainly correspond 
to the heat flow of 40-45 mW/m2. 
 
MAGMATISM IN AN INTRA-ARC RIFT BASIN WITHIN A 
MISSISSIPPIAN CONTINENTAL ARC SYSTEM:  EXAMPLE 
FROM THE LITTLE SALMON FORMATION, NORTHERN 
CANADIAN CORDILLERA  

SIMARD, R.-L., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 3J5, rsimard@dal.ca, DOSTAL, J., 
Department of Geology, Saint Mary’s University, Halifax, NS, 
B3H 3C3, and COLPRON, M., Yukon Geological Survey, P.O. 
Box 2703 (K-10), Whitehorse, Yukon, Y1A 2C6 

In the northern Canadian Cordillera, the belt of pericratonic terranes is 
poorly known, although information on its geological evolution is 
essential for a Late Paleozoic paleogeographic reconstruction of the 
pre-accretion history of this part of the Cordillera.  The terranes, 
composed of several Devonian-Carboniferous arcs and basins mostly 
built atop continentally-derived metasedimentary sequences, were 
accreted to the Laurentian craton in Early Mesozoic time. 
The remains of one of these arc systems, the Little Salmon arc, are well 
exposed in the Yukon-Tanana pericratonic terrane of central Yukon.  
The lower part of the magmatic sequence is formed by Mississippian 
quartz-feldspar phyric felsic rocks that host a massive sulfide 
occurrence.  These calc-alkaline rocks which have elevated 
concentrations of incompatible trace elements such as Th, La and Zr 
accompanied by strong negative Nb and Ti anomalies on the mantle-
normalized trace-element patterns, probably represent high-level 
intrusions, formed by crustal melting. 
Conformably overlying these felsic rocks is a thick pile of alkali basalts 
with a strong LREE enrichment ([La/Yb]N ≅ 13.7) and highly positive 
εNd values (+7.3), typical of an asthenospheric source.  The volcanic 
facies of the alkali basalts show an important change along strike; the 
northern portion is dominated by proximal volcanic lithofacies such as 
massive and pillowed lava flows associated with abundant polymictic 
volcanic breccia and coarse crystal-tuff, as well as an exhalative Mn-
chert horizon, whereas the southern portion is composed solely of distal 
volcanic lithofacies such as abundant clastic deposits with some fine 
grained alkali-basalt volcaniclastic deposits.  This abrupt facies change 
is aligned with a fault affecting all the underlying units, which suggests 
the presence of a fault scarp. 
The northern portion of the alkali basalt sequence records seamount 
formation atop an extensional synvolcanic fault associated with the 
development of rift basin(s) during the rifting Little Salmon arc system, 
whereas the southern portion represents sediments deposited onto the 
rift-floor sediment plains of one of these basins.  Hydrothermal deposits 
found within the seamount stratigraphy are unequivocal signs of an 
active hydrothermal system within that basin. 
The rifting of the Little Salmon arc system resembles that of the 
modern Izu-Bonin-Mariana arc and/or the proto-Japan island arc 
extension and thinning.  The resulting rift basins are well-known 
environments in which important hydrothermal circulation has been 
observed, and well-accepted analogues to where most major 
Phanerozoic VMS deposits formed.  This study demonstrates that these 
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pericratonic sequences in the northern Canadian Cordillera have a 
potential for hosting world-class VMS deposits. 
 
METALLOGENY OF THE MONT-DE-L'AIGLE IOCG 
DEPOSIT, GASPÉ, QUÉBEC  

SIMARD, M.1, BEAUDOIN, G.1, HUPÉ, A.2, ROSS, A.2, and 
BERNARD, J.1,  1 Univ. Laval, 2 Ressources Appalaches 

The Mont-de-l'Aigle deposit is located in the northern part of Dome 
Lemieux, in the Connecticut Valley-Gaspe synclinorium.  The Dome 
Lemieux is a subcircular antiform structure of Siluro-Devonian 
sedimentary rocks cuts by numerous mafic and felsic sills and dikes of 
Silurian to Late Devonian age.  Intrusive rocks geochemistry indicates 
plutonism occurred in a continental within-plate extension setting. 
The iron oxide-copper mineralization of Mont-de-l'Aigle occurs in 
veins, stockwork, breccias and replacement mantos.  Mineralization is 
located near or within N-S and NW-SE fault zones cutting sedimentary 
rocks.  Hematite and magnetite are more abundant in the Upper Gaspé 
Limestones, in the lower part of the stratigraphic section, whereas 
quartz becomes dominant in stratigraphically higher units of the Gaspé 
Sandstones.  Mineralization post-dates intrusive rocks and low-
sulfidation epithermal deposits typical of the southern part of the Dome 
Lemieux.  The paragenetic sequence of the Pardiac showing comprises: 
(1) pervasive chlorite-pyrite alteration; (2) hematite, quartz, dolomite 
and chalcopyrite filling the veins, stockwork and breccias; (3) hematite 
replacement by magnetite (mushketovite) perhaps indicating an 
increase in temperature or decrease of oxygen fugacity during 
progradation of the hydrothermal system.  The sulphur isotope 
composition of pyrite and chalcopyrite (*34S = -1.5 to 2.7 ‰) suggests 
sulphur was derived mainly from magmatic rocks. 
Pervasive chlorite alteration is ubiquitous in limestone, sandstone and 
mafic and felsic intrusive rocks in zone up to 100 m in thickness.  The 
Fe-chlorite has Fe/(Fe + Mg) values between 0.3 and 0.8.  An early 
zone of proximal sodic (± calcic) alteration occurs in intrusive rocks 
hosted by a later potassic alteration.  The sodic (± calcic) alteration is 
characterized by quartz-albite-dolomite-apatite whereas potassic 
alteration is characterized by orthose-quartz-apatite.  In sedimentary 
rocks, there is a proximal zone of alkali leaching, silicification and 
decalcification of carbonates.  This proximal alteration is hosted by a 
late potassic-sodic alteration in zones up to 10 m thick. 
The mineralogy, the alteration and the sulphur isotope composition of 
the Mont-de-l'Aigle deposit compares well with Andean iron-oxide-
copper-gold deposits.  The Mont-de-l'Aigle deposit is a rare example of 
Paleozoic iron-oxide-copper-gold deposits. 
 
THE ROLE OF SMALL-SCALE MANTLE CONVECTION IN 
THE FORMATION OF VOLCANIC RIFTED MARGINS  

SIMON, K.M., Department of Earth Sciences, Dalhousie 
University, Halifax, NS, B3H 4J1, kmsimon@dal.ca, and 
HUISMANS, R.S., Department of Oceanography, Dalhousie 
University, Halifax, NS, B3H 4J1 

The origin of rifted volcanic margins remains a general problem. 
Volcanic margins are characterized by large thicknesses of igneous 
crust over 20 km thick, whereas non-volcanic margins have much 
thinner igneous crust, typically ~7 km thick.  The northwestern Atlantic 
continental margin provides an example of both; the margin is volcanic 
off the eastern United States, and non-volcanic farther north off Nova 
Scotia.  The reason for such transitions, and the origin of volcanic 
margins, are of both academic and economic interest, but are not yet 
well understood. 
The thick igneous crust at volcanic margins generally has narrow 
lateral extent beneath the margin before the seaward transition to 
normal thickness oceanic crust.  This distribution suggests that the 
excess volcanism is produced during a short-lived pulse at the 
transition from continental breakup to oceanic spreading.  Small-scale 
mantle convection, caused by rifting-induced lateral temperature 
gradients at the base of the lithosphere, has been proposed as one 
explanation for this excess volcanism. 
While previous modeling studies have demonstrated that small-scale 
mantle convection likely occurs at some diverging margins, assessing 

its importance during volcanic margin formation has proved 
challenging.  Most models are unable to predict formation of thick 
igneous crust at time-scales consistent with a period of short-lived 
excess magmatism.  These models predict either stable production of 
igneous crust over long time-scales, or briefer periods of high volcanic 
productivity that result in unacceptable variations in crustal thickness.  
These models, however, prescribe a narrow initial rift zone, with large 
thermal gradients that enhance vigorous small-scale convection and 
promote unstable melt production.  Consequently the fluctuations in 
predicted crustal thickness are possibly a result of model geometry. 
This study explores the problem of volcanic margin formation by 
numerically modeling incompressible viscoplastic creeping flows 
associated with lithospheric extension.  Small-scale convection in the 
model is sensitive to ‘dry’ vs. ‘wet’ olivine power-law rheologies in the 
mantle, and to other rheological and thermal parameter variations.  This 
sensitivity indicates viscosity structure is one important control on 
small-scale convection, and supports the idea that small-scale 
convection may be an important process during rifting.  To investigate 
the influence of initial model geometry, decompression melting of 
upwelling asthenosphere is used to predict melt delivery for varying rift 
geometries, extension velocities, and thermal structures.  Igneous 
crustal thickness, calculated from melt delivery predictions, could 
potentially constrain amount and time-scale of igneous crust 
production, and allow an improved assessment of the role of small-
scale convection in volcanic margin formation. 
 
EOCENE LEUCOGRANITE IN RELATION TO A PALEOCENE 
CRUSTAL THRUST RAMP:  CONSTRAINTS ON A TIGHT 
SCHEDULE OF CRUSTAL DUPLEXING, HEATING, 
MELTING, DECOMPRESSION AND EMPLACEMENT  

SIMONY, P.S., University of Calgary, Calgary, AB, T2N 1N4, 
pssimony@ucalgary.ca, and CARR, S.D., Ottawa - Carleton 
Geoscience Centre, Carleton University, Ottawa, ON, K1S 5B6 

The Eocene Ladybird granite (LBG), a biotite leucogranite and 
pegmatite suite, with minor muscovite, garnet and tourmaline, occurs in 
a 130 km long belt that includes Valhalla complex and the southern 
flank of Thor-Odin dome in the southeastern Canadian Cordillera.  This 
belt coincides with a west-dipping thrust ramp in the Late Cretaceous - 
Paleocene Gwillim Creek shear zone (GCSZ).  In Valhalla complex, 
quenching of 800°C - 800 MPa migmatite at the base of a 30 km thick 
thrust sheet resulted from transport up and over the 12 km high, 10-15° 
ramp at about 60 Ma.  The Eocene, top-down-to-the-east ductile 
extensional Valkyr shear zone (VSZ) had maximum displacement of 
~10 km in the region of maximum ramp height, and resulted from 
overthickening of the orogenic wedge.  Motion on the VSZ coincided 
with emplacement of the LBG; the VSZ propagated at the top of the 
intrusive LBG sheets. 
Geochronology, petrology and field relations require the following 
elements in LBG generation models.  Rapid displacement of the GCSZ 
up the ramp at rates of 5-10 cm/a for 2-3 m.y. thickened the crust by 
&ge; 10 km in the ramp vicinity.  Initial refrigeration of the base of the 
thrust sheet on the upper ramp and the upper flat at 450-500°C was 
followed by thermal relaxation and heating.  After ca. 2 m.y., melting 
began at ca. 58 Ma in the fertile zone below the ramp and upper flat 
where muscovite-bearing semipelite, with pelitic layers and Cretaceous 
granite sheets, overlay Canadian shield basement, and reached PT 
conditions of 750-850 MPa and 750-800°C.  Over the next 4 m.y., 
peraluminous leucogranite was generated, aggregated and emplaced as 
homogeneous sheets.  The source zone, with dimensions related to the 
ramp, was perhaps 100 km long and 40 km wide.  Estimating 15% melt 
extraction, a thickness of ~10 km would have been required to generate 
the established volume of >6000 cubic km of leucogranite in the 
laccoliths at Ladybird Mtn. in Valhalla complex and the South Fosthall 
pluton south of Thor-Odin dome.  Decompression, resulting from 
extension on the VSZ and related faults would have enhanced melting.  
Melting did not extend above the GCSZ with the possible exception of 
northwestern Valhalla complex.  By 54 Ma, melt extraction had so 
reduced heat and melt forming reactants that melting ceased in the 
vicinity of Valhalla complex.  By 52 Ma, syenite - monzodiorite stocks 
and dykes cut and chilled against LBG in southern Valhalla complex. 
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ORGANIC GEOCHEMICAL STUDIES OF SOILS FROM THE 
CANADIAN PRAIRIES:  IMPLICATIONS FOR CLIMATE 
CHANGE  

SIMPSON, M.J., myrna.simpson@utoronto.ca, OTTO, A. and 
SHUNTHIRASINGHAM, C., Department of Physical and 
Environmental Sciences, Scarborough College, University of 
Toronto, 1265 Military Trail, Toronto, ON, M1C 1A4 

Approximately two-thirds of terrestrial carbon in the world resides in 
soil organic matter and oils are both a source and a sink for atmospheric 
carbon dioxide.  Determining stocks of labile and refractory carbon is 
challenging, however necessary for understanding global carbon fluxes 
and future ecological responses to climate change.  It is hypothesized 
that carbon storage and turnover time are sensitive to climatic 
variations, however, the relationship between climate and composition 
of SOM have not been well documented and are required to test model-
based predictions.  A molecular-based investigation was carried out on 
soils from the Prairie Ecozone to determine the state of decomposition, 
the sources and quantities of soil organic matter inputs in relation to 
soil climate.  Specific organic matter compounds (biomarkers) from 
plants, microbes, and biomass burning were examined using a variety 
of extractions and chemolytic techniques.  Components were analyzed 
and quantified using gas chromatography/mass spectrometry (GC/MS).  
In addition, solid-state 13C nuclear magnetic resonance (NMR) 
spectroscopy was employed to examine whole soil samples from 
surface horizons.  These techniques have revealed that soil organic 
carbon composition and degree of decomposition is directly related to 
climatic variables.  Furthermore, the quantity of microbial biomarkers 
were found to increase with climate, indicating that although soils in 
warmer climates may contain organic matter in more advanced stages 
of degradation than soils in cooler climates, the pool of labile microbial 
inputs is larger.  Lignin was found to be in greater abundance in soils 
from cooler climates however, GC/MS analysis indicated that lignin in 
these soils may have been abiotically transformed to a more recalcitrant 
state and may not be biodegradable.  Studies of plant biomarkers 
indicate that there specific plant components are degraded more rapidly 
than others.  These results and others will be presented in detail. The 
presentation will summarize how molecular-level data can provide 
insight into soil organic matter composition and turnover.  
Furthermore, implications of climate change on soil organic matter 
decomposition will also be discussed. 
 
CENOZOIC SEDIMENTATION PROCESSES OF THE 
CENTRAL SCOTIAN SLOPE  

SIMPSON, K.W.1, kwsimpso@dal.ca, MOSHER, D.C.2, 
dmosher@nrcan.gc.ca, STEWART, J.M.3, jstewart@mcgregor-
geoscience.com, and WACH, G.D.1, gwach@dal.ca,  1 Dept. of 
Earth Sciences, Dalhousie University, 1459 Oxford St., Halifax, 
NS, B3H 4R2;  2 GSC (Atlantic), Bedford Institute of 
Oceanography, PO Box 1006, 1 Challenger Drive, Halifax, NS, 
B2Y, 4A2;  3 McGregor GeoScience Ltd., PO Box 1604, Halifax, 
NS, B3J 2Y3 

Destructional sedimentary processes such as sediment mass wasting 
appear to be significant mechanisms for margin construction, even on 
passive continental margins such as the Scotian Slope.  Detailed 2D 
and 3D seismic reflection data provide the seismic stratigraphic 
framework and allow interpretation of the sedimentation history of an 
area on the central Scotian Slope, offshore Nova Scotia.  These data 
provide for assessment of the relative significance of sedimentary 
deposits, and ultimately for assessment of the contribution of mass-
wasting to progradation of a passive continental margin.  Industry 
exploration well data and new high-resolution single-channel seismic 
data improve the resolution of the seismo-stratigraphic correlations.  
Strong reflectors, identified as unconformity surfaces, are tied to well 
control.  Depositional patterns change through the Cenozoic, from an 
apparent northeast to southwest progradation direction in pre-Pliocene 
(?) sediments to north to south in Pliocene (?) and younger sediments.  
The upper 500? metres of the sediment column is thought to be 
Pleistocene in age, with several episodes of sea level fall and rise, and 
shelf-crossing glacial advances. 
The dominant Plio-Pleistocene depositional style in this area is off-
shelf progradation by glacial outwash turbidity current activity, with 

occasional mass transport deposits (MTD).  MTDs have been 
interpreted by their appearance in profile view: chaotic seismic 
reflectors bounded by upper and lower irregular surfaces.  One 
particular MTD of probable Pleistocene age is correlated throughout 
the Torbrook 3D seismic cube (25 km x 60 km) in water depths of 750-
2000 m.  A surface render of this deposit shows a blocky debris flow, 
with individual blocks as large as 250 metres in diameter.  A deeper 
MTD of Pliocene (?) age displays an example of a duplex structure.  
The apparent age of this MTD provides further support that the 
triggering mechanism for debris flows does not directly involve the 
presence of ice sheets on the outer shelf, as Atlantic Canada was not 
likely glaciated in the Pliocene.  A layer-bound fault system is apparent 
in section, interrupting these Cenozoic sediments, including the 
aforementioned MTDs.  These faults occasionally propagate up to the 
modern seafloor.  A surface render shows this fault system to be 
polygonal in form, suggesting a syneresis process for their formation.  
As the fault system cuts much of the studied stratigraphy, MTDs are 
likely unrelated to faulting and are more likely the result of seismic 
activity.  The modern seafloor shows evidence of downslope-trending 
gullies and channels, suggesting off-shelf sedimentation in mass-
transport processes, continued into the Holocene. 
 
OBLIQUE-SLIP DEFORMATION DURING RIFTING IN THE 
JEANNE D'ARC BASIN, EXAMPLES AND TIMING  

SINCLAIR, I.K., iain.sinclair@huskyenergy.ca, CHURCHILL, 
A.D., and MCLEAN, J.J., Husky Energy, Suite 801, Scotia 
Centre, 235 Water St., St. John’s, NL, A1C 1B6, Canada 

The Jeanne d’Arc Basin, offshore Newfoundland, experienced multiple 
episodes of rifting during the Mesozoic.  Stresses became re-oriented 
during successive rift episodes such that normal faults that formed 
during the earliest episode were preferentially oriented for re-activation 
as oblique-slip faults during the final episode of continental extension.  
Seismic and well data from the oil-producing Terra Nova field provide 
constraints on the timing of the rift-induced, oblique-slip motion and on 
the character of one transpressional structure that formed along the 
southeast margin of the Jeanne d’Arc Basin.  This area experienced 
uplift, sediment infill associated with northward progradation of 
shallow marine settings, and eventual erosion during the Barremian to 
Early Aptian.  This local uplift was just part of a large-scale pattern of 
broad uplift along the southern margin of the Jeanne d’Arc Basin, 
perhaps corresponding to the introduction of excess crustal heat 
preceding active rifting.  This portion of the Terra Nova oilfield 
subsequently experienced rapid subsidence during the late Aptian 
through Albian, with subsidence rates increasing toward the basin-
bounding Voyager Fault Zone.  Seemingly at odds with this rapid local 
subsidence was the coeval development of a tight structural arch on the 
hanging wall side of the basin-bounding fault zone.  Oblique-slip 
motion oriented sub-parallel to extension at a slightly restraining bend 
(i.e. transpression) is the one mechanism considered adequate to 
generate this particular basin margin structure while widespread growth 
of normal faults oriented perpendicular to extension occurred 
simultaneously across the central Jeanne d’Arc Basin. 
Additional evidence of oblique-slip motion coeval with the Aptian-
Albian rift episode is also found at other structures in the Jeanne d’Arc 
Basin, including at the White Rose and Trave discoveries.  It is 
suggested that an appreciation of the timing and character of oblique-
slip structures in the Jeanne d’Arc rift basin will assist in evaluation of 
possibly related structures elsewhere on the eastern continental margin 
of North America. 
 
PETROLEUM SYSTEMS ON THE RIFTED VOLCANIC 
MARGIN OF WEST GREENLAND  

SKAARUP, N., nsk@geus.dk, and BOJESEN-KOEFOED, J.A., 
GEUS, Geological Survey of Denmark and Greenland, Øster 
Voldgade 10, DK-1350 Copenhagen K, Denmark 

West Greenland, from Melville Bay in the north to the southern 
Greenland has seen a total of seven exploration wells and must be 
considered an underexplored frontier area for petroleum exploration.  
No commercial discoveries have been made to date, but indications of 
live petroleum systems, such as petroleum seepage, hydrocarbon-
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bearing fluid inclusions and numerous DHI's on seismic data are found 
in both onshore and offshore basins.  The offshore central West 
Greenland is a region dominated by thick successions of Palaeogene 
basaltic hyaloclastites and lava flows, covered by wedges of Eocene 
and younger sediments.  Bright spots and DHI's have been recognised 
above structural closures formed by large rotated fault blocks, which 
probably developed during rifting in the Cretaceous.  Onshore 
extensive seepage and oil staining are common in the lower part of the 
volcanic succession, and five different oil types have been recognised, 
where two indicate the existence of regionally important source rocks; 
a Paleocene deltaic source rock and a marine shale derived oil.  This 
marine oil was probably generated from Cenomanian-Turonian age 
shales equivalent of the deposits found in the lower part of the Kanguk 
Formation of Ellesmere Island, Nunavut, Canada.  A few samples from 
both the onshore and offshore parts show ages corresponding to the 
Upper Jurassic.  The presence of Paleocene and Cretaceous and maybe 
older source rocks, suggest the general presence of Palaeogene and 
older sediments under the volcanic cover, which upon subsidence and 
maturation may release petroleum to be trapped within the volcanic 
rocks.  The identification of bright spots within the post-volcanic 
succession west of Disko indicate that in favourable settings, a viable 
trapping system has been in place before petroleum generation and 
migration. 
 
GEOCHEMISTRY OF ORDOVICIAN JASPER BEDS FROM 
THE LØKKEN OPHIOLITE, NORWAY:  ORIGIN OF 
PROXIMAL AND DISTAL SILICEOUS EXHALITES  

SLACK, J.F., U.S. Geological Survey, MS 954, Reston, VA 
20192, USA, jfslack@usgs.gov, and GRENNE, T., Geological 
Survey of Norway, N-7491 Trondheim, Norway 

Stratiform beds of jasper (hematitic chert), composed essentially of 
SiO2 and Fe2O3, can be traced several kilometers along strike in the 
Early Ordovician Løkken ophiolite, Norway.  They are both proximal 
and distal to volcanogenic massive sulphide deposits, and are 
interpreted as fallout from one or more hydrothermal plumes.  The 
jasper beds, a few centimeters to >5 m thick locally, display textural 
evidence for an origin as sea-floor gel deposits.  Ge/Si ratios and REE 
data for the jaspers record the existence of silica-rich Ordovician 
seawater, in which hydrothermal plume-derived Fe-oxyhydroxide 
particles promoted aggregation and seafloor settling of large (~200 :m) 
Si-Fe-oxyhydroxide colloidal particles. 
Ambient seawater during mineralization was less oxic than in modern 
oceans, which favored microbially-mediated oxidation of hydrothermal 
Fe2+ but not Mn2+ within the plume, producing precipitates with high 
Fe/Mn ratios relative to modern plume-derived sediments.  Chalcophile 
element concentrations in the jaspers are generally low (Cu <25 ppm; 
Zn <65 ppm; Pb <15 ppm) implying that sulphide particle fallout was 
insignificant and that the plumes were mainly derived from 
intermediate-temperature, white smoker-type vents with high Fe/S.  
Ratios of HFSE to Fe are very low and show that the detrital input was 
<0.1 %.  For most jaspers, NASC-normalized trace element patterns 
exhibit U, V, P, and Mo peaks reflecting a seawater source, whereas 
As-Sb and REE patterns (positive Eu and negative Ce anomalies) 
mainly record mixed hydrothermal-seawater components. 
Trace element variations were controlled by Fe-oxyhydroxide particle 
scavenging within the seawater-diluted hydrothermal plume(s).  Jasper 
near the Høydal vent shows distinct positive As and Sb anomalies, 
attributed to effective scavenging by Fe-oxyhydroxide particles that 
precipitated and settled near the vent site.  This resulted in depletion of 
dissolved As-Sb available for particle fixation during continued 
precipitation of oxyhydroxides in distal parts of the plume(s).  The 
estimated large particle size and accordingly high settling rates, 
coupled with mass-balance calculations based on modern vent-field 
data, suggest a lifetime of a few hundred years or less for plume 
precipitation.  The lack of thick jasper beds and absence within them of 
positive As-Sb anomalies above the 24 Mt Løkken VMS orebody, 
which is larger than the Høydal orebody by more than two orders of 
magnitude, probably reflects a temporal shift to anoxic conditions 
during Løkken mineralization.  This environment prevented oxidation 
of iron in the hydrothermal plume and formation of the ferric 

oxyhydroxides necessary for silica flocculation and seafloor deposition 
of the precursors of the jasper beds. 
 
INTERNATIONAL EFFORTS IN THE DEVELOPMENT OF 
AGRI-ENVIRONMENTAL INDICATORS FOR POLICY 
ANALYSES:  REVIEW OF ACTIVITIES OF THE OECD AND 
THE EUROPEAN ENVIRONMENT AGENCY’S IRENA 
PROJECT  

SMITH, C.A.S., Pacific Agri-Food Research Centre, Agriculture 
and Agri-Food Canada 4200 Hwy 97, Summerland, BC, V0H 
1Z0, smithcas@agr.gc.ca 

The ability to report on the environmental performance of agriculture is 
based both on the scientific knowledge of biophysical processes and the 
availability of relevant data to support the required analyses.  There has 
been some success internationally to define the most suitable models, 
algorithms or accounting techniques to calculate a range of national-
scale indicators including those reporting on farm inputs (nutrient, 
pesticide and energy), soil, water and air quality and some aspects of 
biodiversity. 
Standardized methods of calculating and reporting on national 
agricultural nutrient balances, risk of soil erosion, water use efficiency 
and plant and animal genetic diversity are in place.  The UNFCCC 
greenhouse gas databases allow the consistent reporting of indicators 
on greenhouse gas emissions for most developed countries.  However, 
few countries have the temporal and/or spatial datasets about the state 
of their natural resources or on-farm management practices to be able 
to consistently support the analytical requirements of indicators over 
defined timeframes.  In addition to national data holdings, key 
international data sources such as FAO (FAOSTAT), Eurostat, 
UNFCCC, UNEP and several international NGOs (for example, the 
World Wildlife Fund and Birdlife International) are invaluable 
resources for the calculation of some indicators but often lack the detail 
necessary to support physically-based modelling.  The use of 
questionnaires by the OECD designed to collect specified 
environmental and farm management information from national 
governments in order to consistently calculate indicators has only been 
moderately successful, often because countries tend to collect 
information in different ways, over different time periods, using 
different methods or standards.  Overcoming these obstacles is the 
major challenge facing the development of robust international agri-
environmental indicators. 
 
GEM QUALITY CITRINE AND SMOKY QUARTZ, 
ANNAPOLIS COUNTY, NOVA SCOTIA  

SMITH, P.K., Nova Scotia Department of Natural Resources, 
P.O. Box, 698, Halifax, NS, B3J 2T9, pksmith@gov.ns.ca, and 
VON BITTER, P., Royal Ontario Museum, 100 Queen's Park, 
Toronto, ON, M5S 2C6 

Gem quality, clear citrine and smoky quartz crystals up to 50 kg in 
weight and 33 cm in diameter were first recorded almost 200 years ago 
from the vicinities of Paradise River, Bridgetown and Lawrencetown, 
near the western limit of the Annapolis Valley in western Nova Scotia.  
These early reports all suggested that the quartz crystals occur in 
unconsolidated glacial, or alluvial, material now exposed at the surface. 
The large, gem quality quartz crystals display complex intergrowths of 
clear, white, yellow to black colour phases and exhibit simple to 
complex growth histories.  An exterior 'skin', commonly consisting of 
milky quartz, capped by jasper, generally hides their inner clarity and 
beauty.  They are further characterized by associated minor amounts of 
black tourmaline and feldspar.  A single, 8 cm crystal was discovered 
in bedrock immediately east of Roxbury Brook, south of West 
Paradise.  Here, the Devonian host rock consists of whitish-grey to 
pink, medium-grained, equigranular Cloud Lake Monzogranite.  The 
adjacent, volatile-rich Inglisville Leucomonzogranite intrusion contains 
numerous miarolitic cavities, quartz-feldspar 'sweats' and minor 
pegmatites;  deep, saprolitic weathering is present in some areas.  The 
feldspar and quartz-rich Triassic Wolfville Sandstone, and more recent 
glacial/alluvial sands, are largely derived from the breakdown of the 
weathered Devonian granitoid in this area.  Associated china clay 
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deposits, located up to 70 m below surface, appear related to the same 
pre-glacial weathering history. 
Field and laboratory studies of these quartz occurrences were 
undertaken to document: (1) the significance of a single, large (8 cm), 
bedrock-hosted, gem quality smoky quartz crystal in medium-grained 
Cloud Lake Monzogranite; (2) the presence of quartz-rich segregations 
in association with minor tourmaline and feldspar from the Inglisville 
Leucomonzogranite, and to establish a possible genetic link to the gem 
quality quartz; (3) the possible presence of large, crystal-rich 
pegmatites that could have economic significance; and (4) the 
mineralogy and geochemistry of these variously coloured, gem quality 
crystals. 
Preliminary observations suggest that these gem quality crystals, and 
associated china clay, were potentially freed from both the Cloud Lake 
and Inglisville intrusions and were transported and concentrated down-
slope to their present locations during a pre-Triassic and/or pre-glacial 
paleo-weathering event(s).  The presence of several pegmatite pods, 
sheeted quartz veins up to 1.5 m thick, and ubiquitous tourmaline and 
feldspar associated with abundant quartz 'sweats', suggest that these 
gem quality crystals may be distributed over a relatively large area, 
both in situ, as well as at the surface. 
 
MERCURY, ARSENIC AND OTHER POTENTIALLY TOXIC 
METAL(LOID)S IN NOVA SCOTIA  

SMITH, P.K., pksmith@gov.ns.ca, and GOODWIN, T.A., Nova 
Scotia Department of Natural Resources, 1701 Hollis Street, PO 
Box 698, Halifax, NS, B3J 2T9 

Anomalous concentrations of toxic elements (e.g., Hg, As) from both 
natural and anthropogenic sources have been documented throughout 
Nova Scotia.  The distribution and effect of these elements show 
complex interactions in the atmosphere, wetlands, biota, and geological 
environment. 
The multi-disciplinary “Metals In The Environment” (MITE) program 
is providing fundamental data on both the distribution and cycling 
history of various elements in the lode-gold mine tailings of Nova 
Scotia.  Here, an equal amount of liquid mercury (i e., ~1.2 M oz. Hg) 
was used to recover the ~1.2 M oz. of gold produced.  Most of the Hg 
was lost to the tailings through retorting, spillage, etc.  Under MITE, 
the Nova Scotia Department of Natural Resources is establishing the 
detailed surface and bedrock geological framework, mineralogy, and 
detailed geochemistry associated with toxic elements now residing in 
these mine tailings. 
Host rocks at these deposits are meta-greywacke, meta-siltstone and 
slate, regionally deformed into tight, east-west, variably plunging, 
asymmetric folds.  Quartz-carbonate veins in slate/meta-siltstone 
sequences include variable amounts of chlorite, biotite, plagioclase, 
muscovite and tourmaline.  Associated gold ore minerals are dominated 
by arsenopyrite, pyrrhotite, pyrite, base metal sulphides, scheelite and 
minor Fe-Ti oxides. 
Whole-rock geochemical analysis of unmineralized bedrock away from 
these lode-gold deposits suggests background levels for Hg and As to 
be ~3 ppb and <5 ppm, respectively.  Within gold districts, however, 
concentrations for Hg and As in the ore zones averages ~50 ppb and 
~1,000 ppm, respectively, with selected samples as high as 280 ppb Hg 
and 10% As. 
Regional geochemical data for Hg and As are lacking for the A-horizon 
humus, as is Hg in the B-horizon soil.  Data from various sources 
indicate regional Hg levels in C-horizon till average 54 ppb.  Arsenic 
levels average approximately 23 ppm in B-horizon soil and 33 ppm in 
till. 
At the local gold district scale, Hg in humus averages 324 ppb, soil 117 
ppb, and till 86 ppb.  Arsenic in humus averages 14 ppm compared to 
114 ppm and 109 ppm in soil and till, respectively.  Humus and soil 
proximal to mill structures are characterized by a significant 
enrichment in many elements relative to the local background.  Vertical 
enrichment is generally limited, however, as undisturbed till samples 
collected from an average depth of 1 m exhibit normal local 
background levels for all elements. 
 

GRAIN SIZE AND COOLING RATE:  USING BIOTITE AS A 
RECORD OF MID- TO LOW-TEMPERATURE THERMAL 
REGIMES  

SMITH, S.R. and VILLENEUVE, M.E., mvillene@nrcan.gc.ca, 
Geological Survey of Canada, 601 Booth St., Ottawa, ON, K1A 
0E8 

It is a widely-held view that a cooling history can be reconstructed 
from a series of apparent 40Ar/39Ar ages derived from measurement of 
hornblende, muscovite and biotite.  Additionally, the closure 
temperature (Tc) of these mineral systems is often equated, albeit very 
loosely, with a passage of the rock through a discrete, quantifiable 
temperature.  However, these assumptions, while broadly correct, 
oversimplify the concept of Tc and more importantly, the role of grain-
size and cooling rate in its derivation.  Muscovite and biotite separated 
from a Grenville Province pelitic schist is used as the basis of a 
comparison between CO2-laser step-heating and high-spatial resolution 
UV-laser ablation analysis.  Step-heating analysis of hornblende, 
muscovite, and biotite result in biotite ages that are ca. 60 Ma older 
than those derived from the other minerals.  At face value, these results 
seem to either contradict the assumption that biotite has a lower Tc than 
muscovite and hornblende, or could indicate the presence of extraneous 
argon in biotite.  However, analyses of a coexisting K-free mineral 
(quartz) yield miniscule amounts of 40Ar, discounting the latter 
explanation.  Detailed UV-laser traverses at 10 micron spacing show 
that grain size is the principal control on cooling ages so that the 
generally large grain size of biotite relative to muscovite and 
hornblende, coupled with a slow cooling regime can account for the 
discrepancy in ages.  Quantitative modelling of the age gradients is 
consistent with volume diffusive loss of radiogenic argon following 
metamorphism, and indicates a cooling rate of 1°C/Ma.  Biotite 
porphyroblasts that are >1mm retain radiogenic argon at ca. 450°C.  
Furthermore, by utilizing different grain sizes a full model of thermal 
history between this temperature and 250°C is derived.  As such, the 
results show that it is possible that biotite may have a higher Tc than 
muscovite and hornblende and that grain size and cooling rate must be 
accounted for when deriving thermal histories. 
 
REDUCED I-TYPE MAGMATISM AND PORPHYRY Cu-Au 
MINERALIZATION AT THE CA. 37 MA NORTH FORK 
DEPOSIT, WEST CENTRAL CASCADES  

SMITHSON, D.M. and ROWINS, S.M., Department of Earth and 
Ocean Sciences, The University of British Columbia, Vancouver, 
BC, V6T 1Z4, srowins@eos.ubc.ca 

The ca. 37 Ma North Fork deposit (80.4 million tonnes @ 0.44% Cu 
and 0.1 gram/tonne Au), in the west Central Cascades Range, 
Washington, is the oldest porphyry Cu-Au deposit in a belt that extends 
northward into the Coast Mountains of southern British Columbia.  In 
contrast to most porphyry Cu-(Mo-Au) deposits, which are genetically 
associated with intermediate to felsic, calc-alkaline, I-type magmas that 
crystallized at oxygen fugacities (ƒO2's) ranging between the NNO and 
HM buffers, the magmas associated with the North Fork deposit are 
reduced I-types.  Quartz monzodiorite and mafic latite porphyry 
crystallized at ƒO2's ranging from the quartz-fayalite-magnetite (QFM) 
oxygen buffer to QFM+1 and andesites crystallized at ƒO2's 
approximating QFM-1.  The magmatic-hydrothermal fluids responsible 
for the Cu-Au mineralization also record low ƒO2's as manifested by 
veins containing abundant hypogene pyrrhotite but lacking hematite 
and sulfate minerals.  Another major difference between the North Fork 
deposit and typical porphyry Cu-Au deposits is the thermally 
prograding nature of the hydrothermal system, from lower temperature 
Early-stage potassic alteration through to Main-stage sodic-calcic 
alteration.  Fluid inclusion assemblages indicate that Cu-Au sulphide 
deposition in Early-stage veins occurred at 235-450°C and 460-520 
bars from aqueous brines containing 34-53 wt.% NaCl equivalent.  
These are minimum temperature estimates because brines were not 
trapped on the 2-phase liquid-vapor solvus.  The temperatures, 
however, are close approximations of the true trapping temperatures 
because of the steep positive slopes of the brine isochores.  In contrast, 
Cu-Au sulphides in Main-stage veins formed from fluids that were 
undergoing immiscible phase separation into a dense aqueous brine (up 
to 51 wt.% NaCl equivalent) and coexisting low-density vapor (1.4-3.4 
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wt.% NaCl equivalent) at 348-576°C and 400-690 bars.  Consequently, 
these fluid temperatures and pressures are representative of true 
trapping conditions.  The prograde evolution and change from potassic 
to sodic-calcic alteration can be attributed to later batches of magma, 
with higher Na and Ca activities, exsolving fluids (i.e., becoming fluid 
saturated) at higher temperatures than earlier batches of magma that 
produced the fluids responsible for potassic alteration.  This recognition 
of reduced porphyry Cu-Au mineralization and related arc magmatism 
at ca. 37 Ma highlights the prospectivity of the Mount Persis andesites 
and raises the possibility that Late Eocene porphyry Cu-Au 
mineralization may be far more common in the west Central Cascades 
than has been previously predicted. 
 
SEISMIC EVIDENCE FOR THE GROWTH OF CRATONIC 
KEELS  

SNYDER, D.B., Geological Survey of Canada, 615 Booth Street, 
Ottawa, ON, K1A 0E9, dsnyder@NRCan.gc.ca 

Deep seismic reflection profiles collected across Proterozoic-Archean 
margins are now sufficiently numerous to formulate a consistent 
hypothesis of how continental shields grow around cratonized nuclei.  
Teleseismic (earthquake) studies across these cratons provide evidence 
of the older, internal growth structures in the form of seismic velocity 
and anisotropy variations within layers bounded by seismic 
discontinuities.  Within the upper 150 km of the Superior and Slave 
cratons seismic anomalies and discontinuities indicate that the earliest 
continental blocks grew by underthrusting and stacking of relatively 
thin (80-100 km) lithosphere that sourced some diamonds.  Observed 
seismic anisotropy beneath the cratons can be attributed to both 
inherited macro- and micro-scale foliation and to structure related to 
the modern stress field within the North American plate.  The latter 
appears to also control kimberlite eruption by orienting the strike of 
ascending dyke magma.  Along the craton margins, the older (Archean) 
block appears to form a wedge of uppermost mantle rock embedded 
into the more juvenile (Proterozoic) block by as much as 100-200 km at 
uppermost mantle depths.  Particularly bright reflections along the 
Moho are cited as evidence of shear strain within a weak, low-viscosity 
lower crustal channel that lies along the irregular top of the indenting 
wedge. The bottom of the wedge is a subduction zone, and can be 
traced beneath the cratons at 150-300 km depths.  An increasingly 
better documented history of sporadic kimberlite eruptions indicates 
that mantle melts unrelated to subduction also contributed to craton 
growth at depth by partly destroying lithosphere. 
 
THE CRYSTAL CHEMISTRY OF MINERALS WITH THE 
TITANIUM-SILICATE (TS) BLOCK  

SOKOLOVA, E., University of Manitoba, Winnipeg, MB, R3T 
2N2, elena_sokolova@umanitoba.ca 

The titanium-silicate (TS) block is a major structure unit for 22 
titanium silicates (rosenbushite-, bafertisite-, lomonosovite-group 
minerals, etc).  The TS block has a three-layered structure consisting of 
a central sheet of octahedra (O sheet) and two adjacent 
heteropolyhedral sheets (H sheets).  The O sheet of the TS block forms 
from those available cations that can assume octahedral coordination, 
primarily Na, Ca and Ti4+, the alkaline analogue of trioctahedral mica.  
These minerals occur at localities that are very deficient in Si relative to 
most igneous rocks.  This being the case, the H sheet forms polyhedra 
with CN 5-6 and [Si2O7] groups, i.e., with the minimum amount of Si 
in the sheet (reflecting the low activity of Si in this environment).  The 
topology of the H sheet requires two minimal translations, t1 ~ 5.5 Å 
and t2 ~ 7 Å.  The cations of the O and H sheets are close packed and 
occur at the vertices of a 36 net.  There are three topologically distinct 
types of linkage of two H sheets and the central O sheet. 
All minerals are divided into four groups based on the linkage topology 
and stereochemistry of the TS block.  Each group of structures is 
characterized by (1) a specific type of linkage, and (2) a specific type of 
coordination polyhedron in the O sheet which links to [Si2O7] groups of 
the H sheet.  The topology and stereochemistry of the TS block are 
strongly related to the stereochemistry of Ti4+.  A Ti-dominant site can 
also contain Nb5+, Ta5+, Zr4+, Fe3+, Mg2+ and Mn2+.  Each group of 
minerals has the same number and structure position of Ti -dominant 

sites, and the number of Ti sites increases from one in Group I to four 
in Group IV. 
Each structure has a TS block of one specific type.  TS blocks can self-
link or not link directly in a structure.  In each case, there are two 
different types either of self-linkage or of the intermediate space 
between two TS blocks.  The intermediate (I) block comprises all 
atoms occurring in the space between two TS blocks.  They are mainly 
alkali or alkali-earth cations, Na, Ca, K, Ba, Sr and oxyanions (PO4)3-, 
(SO4)2-, and (CO3)2-.  In the I block, all cations are arranged in close-
packed layers, m (number of I layers) = 0 - 6. 
General chemical formulae are derived for the TS block and each group 
of minerals. 
 
GENERATION OF SYNOROGENIC HERCYNIAN GRANITES 
IN THE LIVRADOIS AREA, FRENCH MASSIF CENTRAL:  
THE RELATIVE ROLES OF CRUSTAL ANATEXIS AND 
MANTLE-DERIVED MAGMAS  

SOLGADI, F.1, fabien_solgadi@uqac.ca, VANDERHAEGHE, 
O.2, MOYEN, J.-F.3, SAWYER, E.W.1 and REISBERG, L.4,  1 

Université du Québec à Chicoutimi, Sciences de la Terre, 
Département des Sciences Appliquées, Chicoutimi, QC, G7H 
2B1, Canada;  2 Université Henri Poincaré Nancy 1, Géologie et 
Gestion des Ressources Minérales et Energétiques, BP 239 
54506, Vandoeuvre-lès-Nancy Cedex, France;  3 University of 
Stellenbosch, Dept of Geology, Private Bag X1 7602 Matieland, 
South Africa;  4 Laboratoire du C.R.P.G, 15 rue Notre Dame des 
Pauvres, BP20, 54501 Vandoeuvre-lès-Nancy, Nancy, France 

In the Livradois area (French Massif Central), two type of late-
hercynian (ca. 340 Ma) granite (porphyritic monzogranite and two-
mica leucogranite) are intruded into a migmatitic paragneissic 
sequence. 
A genetic link between the two-micas leucogranite and the migmatitic 
paragneiss is suggested by the major and trace element whole rock 
compositions and also by Rb/Sr and Sm/Nd isotopic data.  A model of 
partial melting of the migmatitic paragneiss can explain the origin of 
the two-mica leucogranite, in particular if the accessory minerals 
present in paragneiss (zircon, monazite or xenotime) are taken into 
account.  The origin of the porphyritic monzogranite is more difficult to 
constrain.  This pluton belongs to a relatively unusual 
“magnesiopotassic” series, rich both in compatible (e.g. MgO) and 
incompatible (e.g. K2O) elements.  Furthermore, the porphyritic 
monzogranite is very heterogeneous and contains microgranular mafic 
enclaves (MME), representing a coeval mafic magma.  A model of 
mixing between (1) a mafic with a composition similar to the MME 
and (2) the two-mica leucogranite magma was tested; it accounts for 
the composition of the porphyritic monzogranite, both for major and 
trace elements, and for the isotopic ratios. The source of the mafic 
magma for the MME was then modelled.  The MME are very enriched 
in incompatible elements and can be only adequately modelled as a 
melt from an enriched mantle.  Two types of mantle are potential 
sources for this type of mafic magma: (1) An old sub-lithospheric 
mantle that evolved in a closed system (e.g. kimberlitic magmas, in 
South Africa).  (2) A mantle which has been contaminated by 
sediments.  The second assumption seems to be more appropriate given 
the general geological context of the French Massif Central.  The 
assimilation of sediment could have occurred during the period of 
subduction in the area between 450 and 400 Ma.  In comparison, the 
Cenozoic mantle of the same area is very depleted in trace elements.  
This change in mantle composition is probably best explained by the 
progressive replacement of the enriched mantle by more depleted 
material, during the collapse of the mountain chain between 320-280 
Ma, during which the French Massif Central lost its lithospheric root. 
 
EROSION AND NON-DEPOSITION ON SHALLOW-MARINE 
TRANSGRESSIVE RAVINEMENT SURFACES IN THE 
BEAUFORT SEA AND SOUTHERN GULF OF ST. LAWRENCE  

SOLOMON, S.M., FORBES, D.L., MANSON, G.K. and 
BLASCO, S.M., Geological Survey of Canada, Bedford Institute 
of Oceanography, PO Box 1006, Dartmouth, NS, B2Y 4A2, 
ssolomon@nrcan.gc.ca 
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Sequence-stratigraphic models for transgressive shoreface and shelf 
systems typically envisage the development of a wave-cut ravinement 
unconformity, which is subsequently overlain by transgressive, 
highstand, and early falling-stage systems tracts.  Models developed in 
the engineering and nearshore dynamics communities for the 
estimation of long-term shoreline retreat under rising sea level 
commonly envisage seaward transport of sediment beyond the depth 
limit for fairweather landward return to the beach.  Longshore and 
landward transport provide alternative pathways for removal of 
sediments in many situations.  This paper presents examples from 
transgressive shelf environments in the Beaufort Sea and the southern 
Gulf of St. Lawrence, in which we find thin to non-existent post-
transgressive marine deposition overlying the ravinement surface 
across the shoreface.  On the Beaufort Sea coast, seaward sediment 
transport under storm conditions in particular morphological settings 
has been demonstrated in a number of papers and transport sub-parallel 
to shore has been documented elsewhere.  However, multibeam 
bathymetry and sidescan sonar imagery of the shallow seabed reveal 
extensive erosional surfaces of non-deposition, including gravel lag 
shoals and rough erosional surfaces in finer-grained deposits.  Excess 
ground ice, including massive ice bodies, in coastal exposures reduces 
the erosion component of the sediment balance and large amounts of 
the remaining eroded sediment volume are transported into coastal 
embayments by currents and barrier washover, while some muds are 
removed into deeper water.  Widespread ice scour in intermediate 
depths maintains an erosional regime that restricts benthic productivity 
and diversity, but has a limited net erosional impact.  In the southern 
Gulf of St. Lawrence, most coastal sand appears to be stored in coastal 
dunes and tidal flood deltas, keeping pace with landward shoreline 
migration and leaving a very thin post-transgressive sheet on the lower 
shoreface and inner shelf.  Extensive lag gravel covers glacial deposits 
on shoals and a thin veneer of sand overlies glaciomarine, 
glaciolacustrine, or estuarine deposits over inner-shelf depressions.  
Sand and fine gravel can be entrained during storms in depths greater 
than 12 m, continuing the ravinement process.  Erosional pits cut into 
estuarine muds exposed on the seabed in depths out to 20 m or more 
provide another mechanism for ongoing deepening of the seafloor. 
 
THE EFFECT OF DIFFERENT METASOMATIC PROCESSES 
ON GEOCHEMICAL HETEROGENEITY OF UPPER MANTLE 
OF THE SIBERIAN CRATON  

SOLOVJEVA, L.V., EGOROV, K.N., Institute of the Earth’s 
Crust SB RAS, Irkutsk 664033, Russia, solv777@mail.ru, 
KOSTROVITSKY, S.I. and GORNOVA, M.A., Institute of the 
Geochemistry SB RAS, P.O. Box 4019, Irkutsk 664033, Russia 

The petrographic-mineralogical and geochemical investigations were 
done to the deep-seated xenoliths and megacrysts from the Udachnaya 
kimberlite pipe, Yakutia.  The studied xenoliths included both coarse 
low-temperature rocks with evidences of modal metasomatism and 
without those and deformed high-temperature peridotites. 
Wall rocks and minerals (Gnt, Cpx) of coarse low-temperature 
peridotites show two different HFSE and REE (Nb, Zr, Hf, Ti, Y, REE) 
patterns: I) low contents of these trace elements with obvious peaks of 
Nb, Zr+Hf, Ti on lines in spidergrammes II) higher trace elements 
contents  with obvious troughs of  (Nb), Zr+Hf, Ti on lines in 
spidergrammes for the most of the samples with the evidences of modal 
metasomatism and without those.  It has been proved that CO2-
containing fluids or island arc melts worked the ancient lithospheric 
mantle to a various extent in the period of general metamorphism. 
High-temperature deformed peridotites from the Udachnaya pipe form 
two subgroups: megacrystalline, coarse-porphyric Gnt lherzolites, with 
Gnt completely identical to Gnt of megacrysts from the Udachnaya 
pipe in geochemistry of studied trace elements and fine-porphyric Gnt 
lherzolites, harzburgites, in which Gnt exhibits residual geochemical 
features of Gnt from coarse low-temperature peridotites of II type.  
Both Gnt megacrysts and Gnt from megacrystalline and coarse-
porphyric Gnt lherzolites have obvious peaks of Nb, Zr+Hf, Ti, as Gnt 
of deformed fine-porphyric peridotites shows evident troughs of Zr+Hf, 
Ti on lines in spidergrammes. 
Specific distribution of HFSE and REE in calculated equilibrated melts 
of high-temperature deformed peridotites testify to the existence of 

basic asthenospheric melts of the plume origin beneath the lithosphere 
of the Siberian craton in the period of kimberlite-forming cycle.  These 
melts produced specific magmatic metasomatism and resulted in the 
low-chromium megacryst association.  They evolved by percolation 
through the hard rock matrix with simultaneous crystallization and 
probable separation of high-density fluids.  The reducing fluids 
separated from the asthenospheric liquids at the early stage of these 
cycle could deposit diamond and graphite in the lithospheric mantle.  
The residual asthenosperic melts could consist of protokimberlite.  The 
plume substance could be enriched by majorite and silicate-perovskite 
that show the possibilities for the magmatic ocean existence in the early 
earth history. 
 
MEASUREMENTS OF MERCURY SPECIES IN URBAN 
ATMOSPHERE  

SONG, X. and LU, J.Y., Department of Chemistry, Ryerson 
University, 350 Victoria Street, Toronto, ON, M5B 2K3, 
julialu@ryerson.ca 

A system has been developed and commercialized by Tekran Inc. 
(Toronto) for measuring mercury species in the atmosphere.  This 
system uses pre-concentration and thermal desorption techniques for 
sample collection and preparation and cold vapor atomic fluorescence 
spectrophotometry (CVAFS) for mercury detection and is designed to 
measure gaseous elemental mercury (GEM), reactive gaseous mercury 
(RGM), and mercury associated with fine particles (PM<2.5 :m).  We 
have applies this system for measuring atmospheric mercury species in 
downtown Toronto from Dec. 2003 to Dec. 2004.  This paper discusses 
the challenges encountered in applying this system to studies of 
mercury species in urban atmosphere: 1, contamination; 2, calibration; 
3, glassware; 4, zero air support/pump; and 5, lamp.  Recommendations 
will be given on preventing system damages and ensuring a smooth 
monitoring operation.  Our one-year measurements showed that the 
concentrations averaged at 4.53 ng m-3 for GEM, 14.23 pg m-3 for 
RGM, and 21.61 pg m-3 for PM<2.5 :m, respectively. 
 
THE INFLUENCE OF EARLY DIAGENESIS ON TRACE 
METAL AND PHOSPHORUS CYCLING IN LAKE ERIE 
SEDIMENTS   

SONG, Z., songc@uwindsor.ca, CROWE, S.A., O'NEILL, A.H., 
FRYER, B.J., and FOWLE, D.A., Great Lakes Institute for 
Environmental Research, University of Windsor, 401 Sunset 
Ave., Windsor, ON, N9B 3P4 

Early diagenesis controls the fate and distribution of heavy metals and 
phosphorus (P) in sediments.  Lake Erie receives significant inputs of 
anthropogenic heavy metals and P.  To date there have been few studies 
of early diagenesis in Lake Erie.  To assess these inputs and predict 
their impact it is important to understand early diagenesis in Lake Erie.  
To this end sediment samples were collected at four locations in the 
Central and Eastern basins during cruises of the R/V LIMNOS in May 
and June of 2004.  Sediments were collected using a boxcorer 
preserving the sediment water interface (SWI) as best as possible.  
Porewaters were extracted by centrifugation under an inert N2 
atmosphere. Trace metals in the porewaters were determined by ICP-
MS and ICP-OES. 
Vertical concentration profiles of Mn and Fe in pore waters are similar 
between stations.  Mn displays sharp concentration gradients between 0 
and 2.5 cm below the SWI.  The concentration of dissolved Mn 
remains relatively constant at ~ 80 :M below a depth of 2.5 cm.  Fe 
concentrations are low between 0 to 11 cm (~30 :M) and increase to 
greater than 250 :M below 12cm.  This suggests that the upper ~20 cm 
of sediment can be divided into three zones: 1) 0-2cm below the 
sediment is a zone of aerobic respiration and Mn oxidation; 2) between 
2 and 12 cm is a zone of Mn reduction; and 3) below 12 cm is a zone of 
Fe reduction.  Measurements with microelectrodes suggest that 
sulphide reduction is restricted to micro-environments, possibly 
enriched in organic carbon.  This sulphide is re-oxidized in the aerobic 
zone as a result of bioturbation.  Ni and Co porewater concentrations 
exhibit sharp peaks within the zone of Mn reduction.  These peaks are 
consistent with the reductive dissolution of Ni and Co-bearing Mn 
oxides just below the zone of aerobic respiration.  The sharp decrease 
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in Ni and Co below this zone is consistent with co-precipitation in 
authigenic carbonate phases resulting from increased alkalinity.  
Alternatively, these peaks may be the result of the oxidative dissolution 
of Ni and Co bearing sulphide minerals and removal below the SWI by 
sorption to Mn oxides. 
 
STRUCTURAL DEVELOPMENT AND EXPLORATION 
POTENTIAL OF THE LADY FRANKLIN AND MANIITSOQ 
BASINS, SOUTHWEST GREENLAND  

SØRENSEN, A.B., Geological Survey of Denmark and 
Greenland, Oster Voldgade 10, DK-1350 Copenhagen K, 
Denmark, abs@geus.dk 

As a preparation for the recent licensing round offshore West 
Greenland extensive mapping and evaluation of the exploration 
possibilities of the Southwest Greenland shelf have been carried out by 
the Geological Survey of Denmark and Greenland.  New interpretations 
of the structural and stratigraphic development resulted in important 
revisions to the Cenozoic stratigraphy, a better understanding of the 
petroleum system and in the construction of a new structural map of the 
West Greenland shelf and the Davis Strait area to be presented in this 
paper.  Part of the mapping was centred on the Lady Franklin Basin 
area, located to the east of the Canadian Saglek basin with the 
gas/condensate discovery well Hekja O-71.  The basin was found to 
contain a thick succession of Cretaceous and Cenozoic sediments and 
direct hydrocarbon indicators could be interpreted on seismic sections.  
A number of major tectonic events have controlled the geological 
development of the area.  In the Davis Strait and Labrador Sea area 
rifting took place in the earliest Cretaceous and a number of basins 
formed.  During geological time the basins deepened and volcanism 
associated with further tectonism caused deposition of flood basalts and 
hyaloclastites.  Two phases of tectonism in the mid and latest 
Cretaceous time caused basin inversions and erosion. 
The West Greenland Hecla-Maniitsoq volcanics comprise few hundred 
meter thick flood basalt sequences underlain by a prospective 
Cretaceous succession of clay and sandstones, as in the rest of the Lady 
Franklin and Maniitsoq basins.  An active petroleum system may be 
present in this succession as both Mesozoic and Paleozoic source rocks 
are likely to be present.  Seep studies indicate that more source rocks in 
the area are mature.  On top of the basalts a Cenozoic succession 
containing both source and reservoir rocks are present at the Hekja O-
71 well at Canadian territory. 
In the earliest Lutetian subsidence of the area stopped and inversion, 
presumably because of change to a more compressive stress regime 
along the Ungava strike-slip fault system, occurred.  An unconformity 
and a hiatus on the entire Southwest Greenland Shelf were formed.  
New deposition followed, and after a long period major compression 
set in and regression of the whole shelf followed in Late Oligocene.  
Erosion was deep on the southern shelf and a hiatus spanning about 39 
Myr was formed.  To the north the hiatus is only about 19 Myr.  In 
early mid-Miocene time the tectonic regime of the shelf changed 
completely and extension, which caused subsidence and deposition 
from north to south, began.  This has formed the basis for generation of 
hydrocarbons in the potential source rock sequences, and the formation 
of a prolific petroleum system in the deep basins of the Southwest 
Greenland Shelf. 
 
U-Pb CONSTRAINTS ON THE TIMING OF 
NEOPROTEROZOIC HIGH-SULPHIDATION AND LOW-
SULPHIDATION EPITHERMAL SYSTEMS IN THE AVALON 
ZONE, EASTERN NEWFOUNDLAND  

SPARKES, G.W.1, d82gws@mun.ca, DUNNING, G.1 and 
O’BRIEN, S.J.2,  1 Department of Earth Sciences, Memorial 
University of Newfoundland, St. John’s, NL, A1B 3X5;  2 

Regional Geology Section, Geological Survey, Newfoundland 
and Labrador Department of Natural Resources, St. John’s, NL, 
A1B 4J6 

The Avalon Zone of Newfoundland hosts well-preserved examples of 
Late Neoproterozoic, high- and low-sulphidation epithermal systems 
within a regional (15×1 km) belt of hydrothermal alteration along the 
eastern margin of the Holyrood Horst.  The epithermal systems occur in 

the composite, mainly felsic Manuels Volcanic Suite, which is overlain 
unconformably by siliciclastic sedimentary and associated mafic 
volcanic rocks of the Wych Hazel Pond Complex; both units overlie or 
are faulted against the older White Hills Intrusive Suite.  New U-Pb 
zircon ages from these units, coupled with new and previously 
described field relationships, provide precise time constraints for the 
development of both pyrophyllite-diaspore-bearing advanced argillic 
alteration and precious-metal-bearing, low-sulphidation veining. 
Plutons of the White Hills Intrusive Suite yield zircon ages between 
625±2.5 Ma and 619±3 Ma.  Although these rocks are affected by 
extensive silica–pyrite–sericite alteration near the high- and low-
sulphidation systems, their emplacement is not directly related to the 
development of either system.  The age of the volcanic host to the 
pyrophyllite–diaspore alteration (and maximum age of the high-
sulphidation system) is precisely defined at 584±1 Ma.  The 
sedimentary rocks of the Wych Hazel Pond Complex contain detritus 
eroded from the high-sulphidation alteration, overlie silica–sericite-
altered basal conglomerate, and contain pumiceous tuff beds dated at 
582±1.5 Ma.  Together, these data constrain the formation, uplift and 
erosion of the high-sulphidation alteration to a period from 585 to 
580.5 Ma. 
The maximum age limit for gold-bearing colloform-crustiform 
chalcedonic silica + adularia ± calcite veins is provided by a vein-
bearing crystal-rich ash-flow tuff, dated at 582±4 Ma.  The low-
sulphidation system, which is unconformably overlain by sedimentary 
rocks containing lower Cambrian fossils, is thus bracketed between 586 
to ca. 541 Ma.  Feldspar porphyry intrusions into the Wych Hazel Pond 
sedimentary sequence yield a preliminary age of 589±7 Ma.  The 
porphyries, which are geochemically distinct from the older plutons, 
are the youngest felsic intrusions within the region and may play an 
important role in the development of the regional epithermal systems.  
Available data are consistent with a model where the high sulphidation 
system has been focused along (and above) a pre-existing structure 
coincident with the contact between the 625-620 Ma plutonic rocks and 
the younger, ca. 580 Ma volcanic suite.  This boundary is now marked 
by the post-alteration Mine Hill shear zone. 
 
DISTRIBUTION AND POTENTIAL BIOAVAILABILITY OF 
ANTHROPOGENIC METALS IN SUDBURY SOILS  

SPIERS, G.A., ABEDIN, J. and PROVOST, F., Centre for 
Environmental Monitoring, MIRARCo, Laurentian University, 
Sudbury, ON, gspiers@laurentian.ca 

The metal mining and smelting industry in the Sudbury, Ontario, area 
began before the turn of the century, developing into one of the largest 
metal producing complexes in the world.  The atmospheric emissions 
of sulphur were massive, with the area-smelting complex being one of 
the largest point sources of SO2 emissions in the world in the early 
1960’s at over 2,000,000 tonnes per annum, with reductions through 
implementation of abatement measures to approximately 200,000 
tonnes in the 1990’s.  As important as the SO2 emissions were the 1500 
tonnes of metal particulates carried aloft annually in the hot gas plume, 
particulates composed primarily of minute iron-rich fly-ash spherules 
containing intergrowth of nickel, copper and other trace metals.  The 
result of the atmospheric washout of this massive release was a 
denuded landscape with acidified soils contaminated with metals.  This 
massive environmental insult means the Sudbury region provides an 
opportunistic macrocosm for mechanistic research on the effects of 
severe acidification and metal pollution on soils and ecosystems. 
Current static pedological research initiatives are focused on describing 
the nature and distribution of metals and metal-rich fallout particles 
regional soils.  The research to be presented will focus on the regional 
impact of smelter emissions on metal distribution within sola.  The 
morphology, mineralogy and compositional chemistry of metal-rich 
fragments filtered by the LFH horizons of selected Podzolic and 
Brunisolic pedons within the Sudbury smelter footprint will be 
described.  These particles, composed of minerals such as magnetite, 
maghemite, and trevorite, contain varying quantities of iron, nickel, 
copper, cobalt, chromium, lead, arsenic, selenium, manganese and zinc. 
Regional distribution patterns for anthropogenic metals, based on a 
regional stratified block design with randomization, will illustrate the 
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effects of the intensive mining and smelting activity over the past 
century within the Sudbury ecosystem.  Results from this study indicate 
that effects of aerosolic fallout are retained in the LFH horizons of soils 
in excess of 100 km from the smelting epicenter.  Preliminary data 
obtained describing metal bioavailability from the regional soils will be 
presented. 
 
ARCHEAN DIAMONDS FROM THE WAWA AREA OF 
ONTARIO (CANADA)  

STACHEL, T., tstachel@ualberta.ca, BANAS, A., University of 
Alberta, Edmonton, Edmonton, AB, T6G 2E3, KURSZLAUKIS, 
S., De Beers Canada Exploration Inc., Toronto, ON, and 
WALKER, E.C., Petrologic Inc., Lakefield, ON 

The diamonds for this study are derived from Genesis and Cristal, two 
ultramafic volcanic occurrences (≥ 2.7 Ga) located on the Festival 
property of Pele Mountain Resources.  The diamond populations from 
the two occurrences are radically different.  At Genesis, where 57 
diamonds (1.7 - 0.3 mm) were studied, the crystals are almost 
exclusively cubes, in many cases containing clouds.  In their carbon 
isotopic composition (δ13C) the Genesis diamonds form a prominent 
mode at -4.8 ‰ (class -5.0 to -4.5 ‰, suggesting crystallization from a 
mantle-derived fluid.  Nitrogen concentrations range from below 
detection to 600 atomic ppm.  Nitrogen aggregation, measured as the 
relative percentage of nitrogen in the fully aggregated B-center, is very 
low (0 to 11 % B). Such poor aggregation indicates fairly short mantle 
residence times (< 100 Ma) or low mantle residence temperatures (< 
1100ºC). 
From Cristal we examined a total of 270 diamonds (3.0 - 0.5 mm) and 
selected 45 diamonds for further analytical studies.  Morphologically 
the diamonds from Cristal range from un-resorbed octahedra to highly 
resorbed dodecahedra.  Carbon isotopic analyses indicate a normal 
distribution (range -5.5 to -1.1 ‰) with a mode at -3.3 ‰ (class -3.5 to 
-3.0 ‰).  Such a shift by about +1.5 ‰ relative to the mode of 
peridotitic diamonds world-wide may either indicate crystallization 
from a mixed fluid (containing an isotopically heavy, slab derived 
component) or reflect the presence of a carbon isotopic heterogeneity 
beneath the Superior Craton during the Archean. Nitrogen contents 
range from < 10 to 560 ppm, but with one exception are ≤ 70 ppm.  
Nitrogen aggregation varies between 0 and 97 % B-centre.  A cluster of 
diamonds with low nitrogen contents and but high aggregation states 
implies high mantle residence temperatures (approximately 1250 - 
1300ºC), suggesting the diamond sources for Cristal extended to 
unusually great depth.  Thirty-four mineral inclusions were recovered 
from Cristal diamonds, mainly olivine, some pyrope-garnet and Mg-
chromite plus rare enstatite and Cr-diopside.  This inclusion 
paragenesis indicates a “normal”, lithospheric peridotitic source.  A 
high chromium signature (8 - 14 wt % Cr2O3) of the garnet inclusions 
also implies typical depleted lithospheric sources.  However, four of the 
garnet inclusions contain a small majorite component which is evidence 
for formation at unusually high pressures (ca. 8 GPa).  Accordingly, the 
primary volcanic host rocks of the Wawa diamond deposits cannot be 
related to the younger Wawa lamprophyres emplaced during and after 
of the Kenoran orogeny, but must belong to a more primitive suite of 
rocks capable of sampling diamondiferous lithosphere to a depth of at 
least 250 km. 
 
ARCTIC AND ATLANTIC CANADIAN GLACIAL EROSION 
AND TILL DISPERSION:  A NEW APPROACH USING 
COSMOGENIC BERYLLIUM-10  

STAIGER, J.W., jane.staiger@dal.ca, GOSSE, J.C., Dept. of 
Earth Sciences, Dalhousie University, Halifax, NS, LITTLE, 
E.C., Canada-Nunavut Geoscience Office, Nunavut, PO Box 
2319, Iqaluit, X0A 0H0, and GRAY, J.T., Département de 
Géographie, Université de Montréal, Montréal, QC, H3C 3J7 

The erosional history of glacial landscapes is recorded by both the 
existing bedrock surface morphology and the deposits removed from 
the bedrock.  In this work, we analyze both the source – the bedrock – 
and the sink – the till – to decipher the glacial system.  Terrestrial in 
situ cosmogenic nuclides (TCN) extracted from glaciated bedrock 
surfaces can be used to assess the relative stability of each part of the 

landscape, thus to determine the spatial variation of glacial erosion 
beneath polythermal ice.  We adopt a field-constrained glacial erosion 
rule for the Torngat Mountains of northern Labrador for use in Baffin 
Island.  This rule correlates modeled ice velocities with TCN-derived 
erosion rates from bedrock for terrain once partially covered by slow-
moving, non-erosive ice (Staiger et al., 2005). 
Because the spatial variation of cold-based, non-erosive ice versus wet-
based, erosive ice is recorded by the bedrock TCN concentrations, each 
individual grain within the till has a unique history as it was previously 
exposed to cosmic radiation then transported by ice.  Together the 
grains give an areal average of the basal thermal regime of the ice that 
entrained the sediment. In this new method, we measure cosmogenic 
10Be and 26Al concentrations in 25 surface till samples from Baffin 
Island and Labrador and can distinguish specific sediment packages.  
Bouldery tills with monolithologic, angular clasts that were presumably 
deposited by non-erosive ice contain over 100 times the TCN 
concentration of tills with a silty matrix and polylithologic, subrounded 
and striated clasts thought to be deposited by highly erosive ice.  We 
interpret these data using a finite-element, time-dependent ice sheet 
model that includes basal temperature and basal water calculations 
(Johnson and Fastook, 2002) and a forward model that calculates 
possible TCN concentration scenarios based on the bedrock-derived 
glacial erosion relationship. 
With this data we can estimate ranges of englacial traveling distances 
for “short-distance tills” with high TCN values and “long distance tills” 
with low TCN values.  This work is the first use of TCN in detrital 
glacial deposits and has potential applications in arctic and sub-arctic 
drift exploration as well as a potential for assessing the effect of glacial 
erosion on a glaciated landscape with fewer samples than with bedrock 
sampling strategies. 
 
MAGMAS TO MASSIVE SULPHIDES:  SOME CURRENT 
THOUGHTS OF AN OLD CAMPAIGNER  

STANTON, R.L., University of New England, Canberra, 
Australia, rlsrmr@bigpond.net.au 

It is now just fifty years since the first recognition that many VMS 
deposits were not simply products of volcanic activity, but were very 
specifically those of island arc volcanism and sedimentation.  There 
quickly followed the further recognition that these deposits were 
associated with the more felsic members of the basalt-andesite-dacite-
rhyolite lava series of the island arc environment and that the 
sulphide/sulphate of many of them displayed a crude chemical 
stratigraphy, proceeding upwards, in the respective dominance of iron, 
copper, zinc, lead, and barium.  The latter feature appeared both within 
and, sometimes involving substantial stratigraphic separation, between 
individual orebodies.  Their consistent association with materials of the 
andesite-rhyolite series rather than with the (sometimes far more 
abundant) basalts, development of qualitative but clearly-apparent 
relationships between ore type and lava type, common restriction to one 
or a very few stratigraphic horizons (i.e. episodes) within a given 
volcanic or volcanic-sedimentary sequence, and general direct 
relationship between maximum orebody size and preponderance of 
pyroclastic material (indicating relative degree of exhalative gas loss) 
in the relevant volcanic sequence, all pointed to a direct relationship 
between active volcanism and associated ores. 
It is now proposed that these features reflect identifiable differences, 
stages, and processes in the magmatic evolution of the relevant arc 
lavas.  Concerning chemical stratigraphy, copper may be expelled early 
from the sub-volcanic reservoir simply because of its high affinity for 
the volatile phase; zinc follows as a result of progressive oxidation (and 
concomitant decrease in FeO/Fe2O3) of the evolving melt; lead is 
released later as a result of the sudden rapid dissolution of Pb-bearing 
magnetite with increasing water content as the lava series evolves; and 
barium concentrates in the residual melt and is eventually partitioned 
into the volatile phase as a result of its persistent exclusion form the 
plagioclase structure. 
From this it is suggested that the volcanic arc andesite-rhyolite series is 
generated in part by a combination of all of the processes that generate 
the ores, involving not only partial melting and fractional 
crystallization, but also significant loss in the volatile phase: that lava 
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and ore are complementary to a much greater extent than is currently 
recognized – the ores products, the lavas and related pyroclastics 
residua, of the exhalative transfer of iron, copper, zinc, lead, barium, 
calcium, sulphur etc from the melt to the volcanic-sedimentary milieu.  
From the exploration point of view, better understanding of lava type 
and of the effects of varying degrees of progressive oxidation 
accompanying evolution of the melt, may lead to greater efficiency in 
recognizing potentially ore-bearing or non-ore-bearing volcanic 
sequences.  From the scientific viewpoint, it seems very possible that 
the elusive solution to the problem of the derivation of the island arc 
andesite-rhyolite suite, and the elucidation of the relationship between 
island arc magmas and massive sulphide ores, may simply be two parts 
of one great, fundamental, geological problem. 
 
INDUSTRIAL AND ENVIRONMENTAL USES OF MASSIVE 
GLACIOLACUSTRINE CLAY IN NOVA SCOTIA  

STEA, R.R., DEMONT, G.J., Nova Scotia Department of Natural 
Resources, PO Box 698 Halifax, NS, B3J 2T9, rrstea@gov.ns.ca, 
and LAKE, C.B., Department of Civil Engineering, Dalhousie 
University, Halifax, NS, B3J 1Z1 

At the end of the last ice age a retreating glacier in northern Nova 
Scotia and the Gulf of St. Lawrence covered drainage outlets to the 
north and west, creating large glacial lakes in the adjacent lowland 
basins.  Glacial Lake Shubenacadie covered much of the Shubenacadie 
and Musquodoboit valleys to a maximum depth of ~30 m, defined by 
the elevation of rock sills in alternate drainage routes to the Atlantic 
Ocean.  Substantial areas of the former lake basins are filled with fine 
grained and massive clay deposits, with a low percentage of 
dropstones.  Varved beds of sand/silt/clay that characterize glacial lake 
sediments are lacking, indicating that the glaciers were far removed 
from the basins.  Recognition of the extent of these glacial lakes will 
lead to the discovery of new areas with the potential for economic 
deposits of clay. 
An example of the economic benefit of these clay deposits is the brick 
plant at Lantz, Nova Scotia.  Similar deposits in the Annapolis Valley 
and Southeast Cape Breton were mined for brick at the turn of the 
century.  Use of clay as a ceramic material for pottery and structural 
products depends on a range of properties unique for each industry.  A 
common denominator for industrial uses is a large-volume source of 
moderately uniform clay that has a low shrinkage/swelling percentage, 
consistent firing colour, relatively low firing temperature, and good 
strength after firing.  Typical Nova Scotia massive clays meet or 
exceed  the requirements of many low-temperature ceramic products. 
The massive Nova Scotia clays, because of their fine-grained, plastic 
characteristics, have significant potential for use as constructed, low 
hydraulic conductivity (low permeability) liner systems.  This includes 
engineering applications such as municipal solid waste landfill base 
liners and cover systems, as well as sewage lagoon liners.  Current 
environmental standards often require long-term, low hydraulic 
conductivities for the liner material.  Preliminary data from a Cape 
Breton glacial lake clay deposit indicate that the deposit has excellent 
potential for use as a landfill bottom liner system and/or cover material 
due to low hydraulic conductivities and relatively high plasticity.  The 
Nova Scotia Department of Natural Resources and Dalhousie 
University are in the process of evaluating this large clay deposit in 
Cape Breton for potential use as a cover material in the Sydney Tar 
Ponds project. 
 
FAULT OFFSET OF THE ATLANTIC UPLANDS PENEPLANE  

STEA, R.R. and HORNE, R.J., Nova Scotia Department of 
Natural Resources, P.O. Box 698, Halifax, NS, B3J 2T9, 
rrstea@gov.ns.ca 

The prevailing concept of landscape development in eastern Canada is 
that of a regionally extensive low-relief surface, or peneplane, that was 
uplifted and tilted to the southeast, then set in relief by erosion of 
weaker rocks.  J.W. Goldthwait envisioned this upland surface 
(Atlantic Uplands Peneplane -AUP) as co-planar, cut across rocks of 
different ages and erodability.  Later, more detailed work found 
anomalous facets within the AUP; enough, perhaps, to cast doubt on 
the peneplane concept.  Douglas Grant observed that the upland surface 

was offset along the Cobequid-Chedabucto Fault System (CCFS), thus 
explaining some of these anomalous surfaces by later faulting.  He then 
suggested a Cretaceous age for the AUP based on offshore correlations.  
Stea and Pullan (2001), using high resolution seismic data, found that 
unconsolidated Early Cretaceous (EK) outliers were deformed and 
truncated by basin-margin faults that extend into the Carboniferous and 
older basement rocks.  They suggested that the valleys containing the 
outliers are structural features, rather than features formed by 
differential erosion. 
The age of the AUP can be constrained by mapping it in relation to 
known faults in Nova Scotia and the EK outliers.  Using a GIS-
generated series of topographic profiles we found that the offsets on the 
southeast-dipping erosional surface were not confined to the CCFS, but 
also occurred on the subsidiary fault systems bounding EK outliers.  
The AUP also exhibits an inflection point associated with fault systems 
in southern NS, changing to a north-dipping surface.  Assuming that 
these surfaces across the inflection point are coeval, the age of the AUP 
is younger than Early Jurassic, as it truncates rocks of this age.  The 
AUP clearly predates faulting, but can we establish the age of faulting 
from the stratigraphic relationships in the outliers?  The lack of Late 
Cretaceous and Tertiary strata in these structural basins implies that 
offset-deformation occurred soon after the EK, thus bracketing the 
AUP between the Late Cretaceous and Early Jurassic.  Furthermore, 
EK deposits can be restored to the AUP surface along basin margin 
faults.  By linking the mature quartz arenite and kaolin sedimentary 
deposits characteristic of the EK outliers with the AUP we can envision 
the peneplane formed by subareal fluvial processes, weathering, and 
denudation during the Early Cretaceous. 
 
NUTRIENT CYCLING IN AN INTENSIVELY MANAGED 
SHORT ROTATION HYBRID POPLAR PLANTATION IN 
MEADOW LAKE, SASKATCHEWAN, CANADA  

STECKLER, M.K., michael.steckler@usask.ca, KNIGHT, J.D. 
and VAN REES, K.C.J., University of Saskatchewan, 51 Campus 
Dr., Saskatoon, SK, S7N 5A8 

Hybrid poplar plantations have the potential to diversify farm income, 
provide fibre for forest industry and sequester carbon on marginal 
farmland in the Prairie Provinces.  These intensively managed short 
rotation plantations, however, may also affect the soil nutrient pool and 
impact long-term productivity.  The objective of this study was to 
determine how nutrients were being cycled in a 4 and 8-year-old 
Walker poplar plantation located near Meadow Lake, Saskatchewan 
and what the potential impacts may be on nutrient pools.  N, P, K, Ca, 
Mg and Na fluxes were measured in the plantations and a nutrient 
budget was constructed taking into account the nutrient pools, gains 
and losses from the plantation.  Bulk deposition, throughfall and 
stemflow were collected throughout the 2004 growing season and 
throughfall and stemflow water showed generally higher nutrient 
concentrations than the bulk deposition water.  Macronutrient mineral 
weathering was measured using the Zr depletion method.  Soil solution 
nutrient concentrations were measured at two different depths (20 and 
60 cm) and were assumed to represent the soil solution and leaching 
concentrations, respectively.  Ca and NO3 had the highest concentration 
of nutrients measured in the soil water.  Litter traps were used to collect 
leaf fall and litterbags to follow leaf decomposition.  Leaf litter 
decomposition was greater in the old plantation compared to the new 
plantations.  Three 8-year-old trees were harvested in August 2004 to 
determine biomass and nutrient pools, and soils were also sampled for 
nutrient pools.  This poster will discuss the nutrient fluxes and pools for 
these hybrid poplar plantations and how short rotations may affect the 
nutrient cycle. 
 
FROM THE INTERTIDAL ZONE TO THE UPPER MANTLE:  
A GEOLOGIST'S GUIDE TO GROS MORNE NATIONAL 
PARK  

STEVENS, R.K., 45 Smith Road, Brookfield, NS, B0N 1C0, 
rocks@tru.eastlink.ca, KERR, A., Geological Association of 
Canada (Newfoundland Section), c/o Geological Survey of 
Newfoundland and Labrador, PO Box 8700, St. John's, NL, A1B 
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4J6, akr@zeppo.geosurv.gov.nf.ca, and HINGSTON, R., Parks 
Canada, PO Box 130, Rocky Harbour, NL, A0K 4N0 

Gros Morne National Park, in western Newfoundland, is designated as 
a UNESCO world heritage site largely on the basis of remarkable 
geology and its profound influence upon the development of the theory 
of plate tectonics.  It may not be the best place to view the Cambro-
Ordovician shelf sequence, or provide the most complete illustration of 
the anatomy of oceanic crust, but it is the only place where many 
diverse elements of the Appalachian Orogen came together to be 
sculpted by the forces of nature into a landscape of elemental beauty.  
The park is best-known for its huge peridotite-dominated ophiolites, 
but it also contains remarkable continental-slope sedimentary rocks, 
fresh alkaline mafic volcanic rocks, world-class fossil localities, global 
stratotypes, deep oligotrophic lakes, and much more besides. 
There are already several publications that explain aspects of the park 
geology in nontechnical language for a tourist audience, and there are 
many specialized geological field trip guides that include stops within 
its boundaries.  However, there is a need for something that lies 
between these extremes, to enable visitors with intermediate (i.e., 
undergraduate) Earth Science knowledge to locate, appreciate, 
understand and learn from the many key geological localities.  We are 
now working towards such a product, on behalf of the GAC 
Newfoundland Section, and hope that it will promote further learning 
and research within the park, as well as aid geologists in their 
recreation.  An integrated guide of this type could perhaps also serve as 
a model for similar projects in other areas of outstanding geology 
across North America.  This presentation will highlight some of the 
remarkable features of this area, provide an outline of the guide, and 
report on the progress of the project. 
 
INTEGRATION OF POTENTIAL FIELD AND SEISMIC DATA 
FOR HYDROCARBON EXPLORATION IN THE MIGUASHA 
AREA, APPALACHIAN GASPÉ BELT, QUEBEC  

ST-LAURENT, C., Hydro-Québec Pétrole et Gaz, 1175 
Lavigerie, bureau 050, Québec, QC, G1V 4P1, Canada, st-
laurent.christine@hydro.qc.ca, and ADAM, E., Hydro-Québec 
Pétrole et Gaz, 1175 Lavigerie, bureau 050, Québec, QC, G1V 
4P1, Canada 

Hydro-Québec has been exploring for oil and gas in the Miguasha area 
of the southwestern part of the Gaspé peninsula for the past three years.  
About 100 km of seismic data and 2,300 km2 of aeromagnetic data 
were acquired in 2003.  Within the prospective area, a discrepancy 
exists between the observed orientation of formational contacts in 
outcrop and moderately-dipping reflectors observed on seismic.  
Magnetic data indicate that only one weakly-magnetic zone outcrops in 
the area, that is composed of felsic to intermediate volcanic rocks.  
Prior to realizing a two-well drilling program undertaken in 2004, a 3-
D inversion of the total magnetic field was undertaken to derive the 
subsurface distribution of magnetic rocks.  The inversion results were 
validated by performing 2.5-D modelling along selected traverses and 
through correlation with depth-converted seismic sections.  The 3-D 
magnetic inversion is a cost-effective method of obtaining a 3-D 
subsurface image of this weakly-magnetic volcanic zone in this area.  
Integration of the magnetic inversion results with the seismic data 
provided valuable information concerning the anticipated depth of the 
magnetic zone.  This approach has proven to be an efficient method of 
discriminating sediments with potential hydrocarbon reservoirs from 
non-prospective, magnetic volcanic rocks. 
 
EXHUMATION AND INCISION HISTORY OF THE TORNGAT 
MOUNTAINS, NORTHERN LABRADOR AND QUEBEC, 
CANADA, USING APATITE (U-Th)/He 
THERMOCHRONOLOGY  

STOCKLI, D.F., stockli@ku.edu, CENTENO, J.P., Dept. of 
Geology, University of Kansas, 120 Lindley Hall, Lawrence, KS 
66045, USA, and GOSSE, J.C., Dept. of Earth Sciences, 
Dalhousie University, Halifax, NS, B3H 4J1, Canada 

The Torngat Mountains are located on Ungava Peninsula in 
northernmost Labrador and Quebec, Canada, along the western 
continental margin of the Labrador Sea.  The rugged mountainous 

landscape is characterized by steep-sided, mostly flat-topped upland 
surfaces with average peak elevations of ~1500 m that are dissected by 
deeply incised U-shaped valleys, cirques, and fiords.  Maximum local 
topographic relief (including fiord bathymetry) exceeds ~2000 m.  New 
apatite (U-Th)/He thermochronological data provide important new 
insights into the exhumation history and long-term landscape evolution 
of the Torngat Mountains.  The data show that latest Jurassic to earliest 
Cretaceous rifting resulted in crustal extension and opening of the 
Labrador Sea, causing westward tilting and exhumation of the Labrador 
continental margin.  Post-rift erosion and incision led to the formation 
of significant topographic relief in the Torngat Mountains.  Thermal 
modeling of apatite (U-Th)/He thermochronological data from vertical 
sample transects indicate rapid cooling and rift margin exhumation 
starting at ~140-150 Ma, which closely coincides in age with 
independent geological evidence for initial rifting in the area.  Apatite 
(U-Th)/He ages along an E-W transect, which was collected 
perpendicular to the Torngat Mountains and the Labrador coast, record 
differential extensional and erosional exhumation diminishing 
westwards towards the interior of Ungava Peninsula.  Ages near the 
Labrador coastline are as young as ~78 Ma and are significantly 
younger than the timing of onset of initial rifting (~140-150 Ma); this 
suggests significant amounts (~1-2 km) of post-rift erosion and incision 
along the easternmost Labrador continental margin.  West of the 
Torngat Mountains, along the E-W transect, apatite (U-Th)/He ages 
also show evidence of substantial post-rift erosion likely related to 
Mesozoic and Tertiary fluvial erosion and to a small extent to 
Pleistocene continental glaciations.  In order to elucidate the in incision 
history of large-scale drainage systems, two constant-elevation N-S 
transects collected parallel to the Labrador coast; apatite (U-Th)/He 
ages from these transects exhibit large-amplitude sinusoidal along-
strike variations that appear to mimic the long-wavelength topographic 
features perpendicular to the Labrador continental margin in the 
Torngat Mountains.  These observations suggest a deflection of shallow 
crustal isotherms due to post-rift development of high-amplitude 
topography. 
 
INVERSION OF APATITE FISSION TRACK DATA, PORT AU 
PORT PENINSULA AREA, WESTERN NEWFOUNDLAND:  
IMPLICATIONS FOR HYDROCARBON PROSPECTIVITY 
AND THE EXTENT OF THE REGIONAL MARITIMES BASIN  

STOCKMAL, G.S., gstockma@nrcan.gc.ca, ISSLER, D.R., 
Natural Resources Canada, Geological Survey of Canada 
(Calgary), 3303-33rd St. NW, Calgary, AB, T2L 2A7, GRIST, 
A.M., Department of Earth Sciences, Dalhousie University, 
Halifax, NS, B3H 3J5, SLINGSBY, A., Prairie Schooner 
Petroleum Ltd., 1000 520 5th Avenue SW, Calgary, AB, T2P 3R7, 
and WALDRON, J.W.F., Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, AB, T6G 2E3 

Port au Port #1, drilled in 1994/95, was the first of six new wells drilled 
in the Port au Port Peninsula area of western Newfoundland in the 
latest round of hydrocarbon exploration that began in the early 1990s.  
It penetrated the Cambro-Ordovician platform and underlying Grenville 
basement in the hanging wall of the SE-dipping Round Head Thrust 
(RHT), terminated in a large, folded slice of the platform succession in 
the footwall of this inverted basement-involved structure, and 
discovered the Garden Hill pool (51 API oil).  Subsequent wells 
confirmed the existence of a thin-skinned triangle zone involving the 
Humber Arm Allochthon, and the thick-skinned and inverted nature of 
the RHT.  Inversion of the RHT and development of the Garden Hill 
structure post-dates the Middle Devonian (Acadian) emplacement of 
the allochthon into the triangle zone.  Following post-orogenic erosion, 
the regional latest Devonian to Early Permian Maritimes basin was 
deposited.  On the Port au Port Peninsula the youngest Maritimes basin 
units are Visean (Early Carboniferous). 
To constrain the timing of structural trap development versus peak 
hydrocarbon maturation, we have reassessed the low-temperature 
thermochronology of the area using state-of-the-art apatite fission track 
(AFT) inverse time-temperature modelling.  This technique yields an 
objective set of thermal histories that fit observed AFT ages and track 
length distributions. Other maturation indicators (e.g., conodont 
alteration index values, Tmax values) and the geological history 

187 



provide additional critical modelling constraints.  Results indicate that 
following post-depositional burial and post-orogenic erosion, all AFT 
samples were reheated into the AFT partial annealing window (~60-
120 °C; ~oil window) in post-Visean times, due to burial beneath the 
Maritimes basin.  The magnitude and timing of peak temperatures, 
however, are dependent in part upon structural position with respect to 
the RHT.  At the deepest stratigraphic levels within the Cambro-
Ordovician platform, in the immediate hanging wall of the RHT, peak 
temperature occurred prior to fault inversion (during Acadian 
orogenesis).  At equivalent stratigraphic levels in the RHT footwall, 
and at shallower levels in both footwall and hanging wall, peak 
temperatures were not achieved until post-Visean burial beneath the 
Maritimes basin.  Peak thermal maturity therefore post-dated the late 
Acadian development of large, thick-skinned structural traps, and these 
structures therefore have high potential prospectivity.  Modelled AFT 
samples from elsewhere in western Newfoundland, Anticosti Island, 
and the Gulf of St. Lawrence all indicate that the Maritimes basin was 
substantially thicker and of greater extent than commonly believed, 
with concomitant implications for petroleum exploration. 
 
DYNAMICAL NUMERICAL MODELLING OF THIN-SKINNED 
THRUST-AND-FOLD BELT DEFORMATION  

STOCKMAL, G.S., Natural Resources Canada, Geological 
Survey of Canada (Calgary), 3303-33rd St. NW, Calgary, AB, 
T2L 2A7, gstockma@nrcan.gc.ca, BEAUMONT, C., NGUYEN, 
M.H. and LEE, B., Dalhousie Geodynamics Group, Department 
of Oceanography, Dalhousie University, Halifax, NS, B3H 4J1 

The “critical wedge” theories of Chapple (1978), Davis et al. (1983), 
Stockmal (1983) and Dahlen (1984) adequately describe the first-order, 
orogenic-scale mechanics of thin-skinned thrust-and-fold belts (TFBs) 
and accretionary wedges.  These approaches are examples of existence 
theory that can describe a static or instantaneous mechanical state, 
given material properties and boundary conditions.  A pivotal 
assumption of these theories is that material within the orogenic or 
accretionary wedge is everywhere on the verge of failure.  However, at 
the scale of individual thrust sheets, where large regions may undergo 
rigid-body translation and rotation, this assumption is invalid.  
Therefore, existence theories are not appropriate to examine the 
mechanics of deformation within TFBs, at any scale smaller than the 
entire wedge. 
Dynamical numerical models are not constrained by the assumption of 
being everywhere on the verge of failure.  These models therefore offer 
the prospect of a deeper understanding of the second-order mechanics 
of TFBs, at the scale of individual thrust sheets.  These models allow 
investigation of the mechanical interactions between progressively 
developing structures, such as thrust sheets, and of complex feedback 
relationships among components of the dynamical system, such as 
those involving the redistribution of material through surface processes 
(erosion and sedimentation), or regional isostatic adjustments to 
tectonic thickening.  Although the effects of erosion and sedimentation 
on orogenic-scale deformation are widely appreciated, a similar 
understanding within TFBs is lacking. 
We describe numerical experiments of thin-skinned TFB deformation 
using a 2-D finite-element continuum mechanics code capable of 
accommodating very large strain.  In the undeformed state, model 
materials can be distributed arbitrarily.  For our investigations of TFBs, 
each model is generally composed of layers of materials of specified 
thickness, lateral extent, density, and rheology (e.g., Coulomb plastic, 
viscous, power-law).  Rheological properties can be variable (e.g., a 
function of strain magnitude).  During deformation, the upper surface 
of the thickening wedge can be exposed to surface processes, allowing 
erosion and redistribution of material to sedimentary basins.  Regional 
isostatic adjustment to structural thickening and material redistribution 
can be accommodated. 
Although faults are not modelled explicitly, narrow high-strain zones 
develop, forming structures very similar in style to those in TFBs.  
Model structures include far-traveled thrust sheets, irregular-roof and 
smooth-roof duplexes, antiformal stacks, backthrusts, pop-ups, nascent 
triangle zones, detachment folds, break-thrusts, and piggy-back basins.  
Variations in fundamental structural style can result from subtle 

variations in input parameters.  Model structures are compared to 
natural examples, especially from the Southern Canadian Rockies. 
 
THE TRANS-HUDSON OROGEN OF NORTH AMERICA AND 
THE HIMALAYAN-KARAKORAM-TIBETAN OROGEN OF 
ASIA:  STRUCTURAL AND THERMAL EVOLUTION OF THE 
LOWER AND UPPER PLATES  

ST-ONGE, M.R., mstonge@nrcan.gc.ca, WODICKA, N., 
Geological Survey of Canada, 601 Booth St., Ottawa, ON, K1A 
0E8, and SEARLE, M., University of Oxford, Parks Road, 
Oxford, 0X1 3PR 

In Trans-Hudson Orogen (THO), the tectonothermal evolution of the 
lower plate involves (1) early thin-skinned thrusting and metamorphism 
(400-575°C; 6.3-9.1 kbar; 1820-1814 Ma), (2) out-of-sequence 
thrusting and regional Ky-grade metamorphism (585-720°C; 7.7-9.8 
kbar; 1814-1795 Ma), and (3) amphibolite-facies re-equilibration (675-
775°C; 7.0-8.9 kbar; 1795-1758 Ma), anatexis and leucogranite 
formation.  The crustal evolution of the Indian plate in the Himalaya-
Karakoram-Tibetan Orogen (HKTO) involves (1) early subduction of 
continental crust to UHP eclogite depths (~680°C; 28 kbar; 49-46 Ma), 
(2) regional Ky-grade metamorphism (550-680°C; 10-12 kbar; 35-32 
Ma), and (3) widespread Sil±Crd metamorphism (650-770°C; 3.7-4.5 
kbar; 32-16.5 Ma), anatexis and leucogranite formation.  The shallow 
depths of the Sil±Crd metamorphism are consistent with early to mid-
Miocene ductile flow of an Indian plate mid-crustal channel, southward 
from beneath the southern Tibetan plateau to the Greater Himalaya.  
This zone is bound by the Main Central Thrust, with its inverted and 
compressed metamorphic isograds, along the base and the South 
Tibetan Detachment system of low-angle, normal sense shear zones 
along the top.  In contrast, the thermal evolution of the lower plate in 
THO appears consistent with thermal relaxation of crustal isotherms in 
tectonically thickened crust without recourse to a mid-crustal channel. 
Early tectonothermal events in the upper plate of THO include (1) 
accretion of Meta Incognita microcontinent to the Rae craton between 
1883-1865 Ma, (2) emplacement of Andean-type plutonic suites 
including the 1865-1848 Ma Cumberland batholith, (3) accretion of the 
intra-oceanic Narsajuaq arc at ca. 1845 Ma, (4) Grt-Crd-Sil 
metamorphism at mid-crustal depths (790-845°C; 6.9-8.4 kbar; 1849-
1833 Ma), anatexis, and Crd-And metamorphism at higher crustal 
levels (550-600°C; 3.0-4.0 kbar; 1877-1835 Ma), and (5) emplacement 
of Andean-type plutons and granulite-facies metamorphism along the 
leading edge of the upper plate between 1842-1820 Ma.  Terminal 
collision is manifest by crustal-scale (re)-imbrication, channelized fluid 
flow, and Bt-Sil-Grt metamorphism (665-765°C; 5.0-7.7 kbar; 1820-
1813 Ma). 
In HKTO, the geology of the upper plate Lhasa Block exposes 
sedimentary and volcanic rocks, rarely deep crustal metamorphic rocks, 
whereas along-strike the Karakoram Range exposes lower crustal rocks 
and granites.  Pre-collisional, 150-95 Ma Andean-type granites are 
related to subduction of the Tethyan oceanic crust beneath the southern 
margin of Asia.  Post-collisional Grt-Bt-Ms leucogranites formed 25-18 
Ma by melting of lower crust gneisses.  St, Ky, and Sil metamorphism 
is sporadic and semi-continuous from 70-3 Ma along the southern 
margin of the Karakoram, following collision of the Kohistan arc 
during the Late Cretaceous, and India in the earliest Eocene. 
 
CAT-SCAN ANALYSIS OF SEDIMENTARY SEQUENCES:  A 
TOOL TO IDENTIFY MILLENNIAL- TO SEASONAL-SCALE 
CLIMATIC OSCILLATIONS  

ST-ONGE, G.1, guillaume_st-onge@uqar.qc.ca, LONG, B.F.2, 
DE VERNAL, A.3, HILLAIRE-MARCEL, C.3 and ROCHON, 
A.1,  1 ISMER-UQAR and GEOTOP, Allée des Ursulines, 
Rimouski, QC, G5L 3A1;  2 INRS-ETE and GEOTOP, P.O. Box 
7500, Sainte-Foy, QC, G1V 3C7;  3 P.O. Box 8888, Succ. Centre-
Ville, Montréal, QC, H3C 3P8 

Computed axial tomography (CAT-scan) analysis allows the rapid 
acquisition of longitudinal or transversal X-ray digital images of 
sediment cores with a 0.1 to 1 mm pixel resolution.  Using image 
analysis software, we developed a method to extract and construct a 
continuous downcore log of the pixel intensity (CT number) from these 
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very high-resolution images.  A CT number is a complex unit related to 
the bulk density of the sediment, but also to the mineralogy and 
porosity.  In examples from the Canadian Arctic and the St. Lawrence 
Estuary, the CT number profiles of selected Holocene and/or 
Sangamonian (Marine Isotopic Stage 6/5e; ca. 130 ka) sedimentary 
sequences seem to mostly reflect changes in the sediment bulk density 
and clearly illustrate a large spectrum of oscillations.  Indeed, after 
removing the long-term influence of sediment compaction from the 
signal, spectral analysis of the CT number profiles revealed millennial- 
to seasonal-scale oscillations centred around periods previously 
associated with changes in solar forcing, ocean circulation, relative sea-
level and the North Atlantic Oscillation, highlighting the usefulness of 
this rapid, non destructive and high-resolution method for paleoclimatic 
studies. 
 
CAMBRIAN – LOWER UPPER ORDOVICIAN DEPOSITS OF 
NORTHEAST GREENLAND WITH COMPARISON TO THE 
SIMILAR DEPOSITS IN SCOTLAND AND NEWFOUNDLAND  

STOUGE, S.1, svends@savik.geomus.ku.dk, BOYCE, W.D.2, 
CHRISTIANSEN, J.3, HARPER, D.A.T.1 and KNIGHT, I.2,  1 

Geological Museum, University of Copenhagen, Øster Voldgade 
5–7, DK-1350 Denmark;  2 Government of Newfoundland and 
Labrador, Natural Resources, Geological Survey Division, 
Regional Geology Section, P.O. Box 8700, St. John’s, NL, A1B 
4J6, Canada;  3 Holbæk College of Education, Seminarieparken 2, 
DK-4300 Holbæk, Denmark 

The East Greenland Caledonides are exposed in relatively inaccessible 
parts of East and North East Greenland and are exposed for about 1300 
km along the belt.  The orogen is built up of WNW-directed thrust 
sheets displaced across the foreland with a westerly displacement of 
200–400 km.  The uppermost Franz Joseph Allochthon comprises 
about 18.5 km Neoproterozoic to lower Palaeozoic sediments. 
The Lower Palaeozoic succession in Northeast Greenland is located 
within an N–E trending outcrop area along the fjord region in Northeast 
Greenland.  The outcrop area is composed of Neoproterozoic to Lower 
Palaeozoic (Upper Ordovician) sediments of which the Lower 
Palaeozoic strata comprise approximately 4.6 km.  The Lower 
Palaeozoic succession consists of mixed carbonates and siliciclastics 
deposited predominantly in shallow marine to marginal marine settings.  
The deposition of the Northeast Greenland strata was approximately 
coeval with deposition of other carbonate-dominated Lower Palaeozoic 
units in central and eastern North America and Scotland. 
In Northeast Greenland, the Lower Palaeozoic strata unconformably 
overly Vendian deposits and are themselves overlain unconformably by 
Devonian fluviatile and lacustrine clastic sediments.  Lower Palaeozoic 
succession commenced with Lower Cambrian siliciclastic sediments, 
which were followed by the accumulation of carbonates during the late 
Early Cambrian.  The carbonate sedimentation terminated during the 
early Late Ordovician; early Late Ordovician and Silurian deposits are 
absent in this part of Greenland.  Apparently the area was exhumed 
until the Devonian, when major extensional faults created basins and 
new depocentres. 
Detailed measured sections through the Lower Cambrian – lower 
Upper Ordovician shelf strata of the Northeast Greenland basin have 
improved our understanding of the stratigraphy.  Changes in the 
existing stratigraphic framework are presented and two important 
breaks are present within the succession.  These prominent breaks are 
observed by combining sedimentologic and biostratigraphic data.  A 
minor break in sedimentation is developed at the Cambrian–Ordovician 
transition and a major one - corresponding to the Demingian Stage - is 
present within the Lower Ordovician succession.  The data also 
highlight horizons coincident with sequence boundaries; changes in 
faunas also apparently coincide with sequence boundaries.  This 
improves the lateral correlation of depositional sequences and hiati over 
large distances to eastern North Greenland, Scotland and 
Newfoundland. 
 
NITROGEN AND PHOSPHORUS LOADING AND 
MIGRATION IN MANURED SASKATCHEWAN SOILS  

STUMBORG, C., cms059@mail.usask.ca, SCHOENAU, J.J. and 
QIAN, P., University of Saskatchewan, 51 Campus Dr., 
Saskatoon, SK, S7N 5A8 

Phosphorus (P) and nitrogen (N) are key elements in plant nutrition, but 
excessive amounts can accumulate in the soil if manure application 
rates exceed crop uptake over time.  The risk of potential P movement 
and contamination of surface waters is directly related to the soluble P 
content of the surface soil, thus it is important to have an accurate and 
efficient method of analysis that can be utilized for both agronomic and 
environmental purposes.  The probability of nitrate (NO3) leaching and 
contamination of water resources increases with higher residual soil 
NO3, rainfall, and depth of NO3 accumulation in the soil.  Thus it is 
important to closely monitor residual soil NO3 levels when manure is 
utilized over several years.  Four long-term (five to eight years of 
annual application) manure research sites in Saskatchewan were chosen 
for this study.  Four assessments of labile P in soils were compared:  
sodium bicarbonate extractable, water extractable, anion exchange 
membrane (PRS) supply rate, and Kelowna extractable on soils that 
received annual manure application rates in excess of recommended 
levels.  All methods were highly correlated with one another, with the 
exception of Kelowna P.  The soil P indices increased with manure P 
application rate, especially with cattle manure, and were correlated with 
plant P concentration and uptake.  Residual nitrate levels increased with 
higher rates of hog manure, and were elevated when plant uptake was 
limited by other factors such as drought or other nutrient deficiencies.  
The cattle manure showed a small, but significant increase in nitrate 
with higher rates of manure reflecting the large proportion of nitrogen 
(N) bound up in the slowly available organic fraction that is slowly 
released as NO3 to the soil solution. 
 
THE TOHMAJÄRVI-KIRJAVALAHTI STRUCTURE:  A 
POSSIBLE CONTINUATION OF THE OUTOKUMPU-TYPE 
ENVIRONMENT INTO THE LADOGA REGION OF KARELIA  

SUNDBLAD, K., LEHTILÄ, T., MATTILA, J., TORVINEN, A., 
FIN-200 14 Turku University, Finland, Krister.Sundblad@utu.fi, 
IVASHCHENKO, V., Russian Academy of Sciences, 
Petrozavodsk, Russia, PHILIPPOV, N., SC Mineral, St 
Petersburg, Russia, and HUHMA, H., Geological Survey of 
Finland, Espoo, Finland 

Outokumpu is a world class VMS deposit in southeastern Finland, 
hosted by a Lower Proterozoic succession of mafic volcanic rocks and 
magnetic graphitic schists.  The Outokumpu succession forms part of 
an allochthonous oceanic thrust sheet that was emplaced upon the 
Archaean craton in conjunction with the Svecokarelian orogeny.  The 
ore-bearing succession of Outokumpu can be followed towards the 
north into the 1.95 Ga (Ludokovian) Jormua ophiolite in central 
Finland but its possible continuation towards the southeast is poorly 
known, partly due to the limited possibilities to carry out geological 
investigations near the Soviet-Finnish border after 1944.  As a result of 
a recently established Finnish-Russian cooperation project, financed by 
the K.H. Renlund Foundation, supracrustal successions, comparable 
with the ore-bearing environments in the Outokumpu region, have been 
identified both in the Russian and Finnish parts of Karelia. 
A series of mantled dome structures with Archaean gneisses in the 
centers, and Proterozoic supracrustal rocks along their margins, are 
well-known to the north and northwest of Ladoga (a territory being part 
of Russia since 1944).  The supracrustal rocks include basaltic pillow 
lava and associated intrusive rocks, together with marbles and strongly 
magnetic graphitic schists, overlain by extensive successions of 
Kalevian flysch deposits.  The basaltic lavas and the associated gabbro 
display MORB-type geochemistry and have eNd signatures comparable 
to those of the Jormua ophiolite.  These supracrustal margins are 
therefore interpreted as allochthonous thrust sheets but preliminary data 
indicate that also the Archaean dome centers may be root less.  A 
subeconomic VMS deposit (Vissu) has been found in the northern 
flanks of the Kirjavalahti dome on the border between meta-basalts, 
marbles and graphitic schists, suggesting that an ore-forming 
environment, comparable to that of Outokumpu, may exist north of 
Ladoga. 
Basaltic pillow lavas and associated intrusive rocks are also found, 
together with magnetic graphitic schists, in a L-shaped volcanic 
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structure near Tohmajärvi in southeastern Finland (located between 
Outokumpu and Ladoga).  The geochemical and Sm-Nd signatures of 
the volcanic rocks are comparable to those of the Jormua ophiolite (and 
the volcanics of the mantled domes near Ladoga). 
A connection between the Tohmajärvi volcanics and the VMS-bearing 
successions around the Kirjavalahti dome is thus suggested.  This is 
supported by a characteristic magnetic anomaly, which reflects the 
distribution of the magnetic graphitic schists.  The term “Tohmajärvi-
Kirjavalahti structure” is thus proposed for this VMS fertile rock 
association. 
 
TERRANE ANALYSIS BASED ON ORE LEAD ISOTOPE 
SYSTEMATICS OF THE LOWER ORDOVICIAN VMS 
DEPOSITS IN THE RØROS DISTRICT, SCANDINAVIAN 
CALEDONIDES  

SUNDBLAD, K.1, Krister.Sundblad@utu.fi, ANDERSEN, T.2, 
BECKHOLMEN, M.3 and NILSEN, O.2,  1 FIN-20014 Turun 
Yliopisto, Finland;  2 Oslo University, Norway;  3Uppsala 
University, Sweden 

The Ordovician VMS deposits of the Scandinavian Caledonides were 
formed in a wide range of geological environments, and emplaced onto 
the Baltica continent during Caledonian orogeny.  Based on work in the 
Swedish Caledonides, it was shown that ore lead isotopic systematics is 
an efficient tool in discriminating ore-bearing terranes (Sundblad and 
Stephens 1983).  From field work (supported by Crew Co) in the Røros 
district (Norway) and ore lead isotopic data on its VMS deposits, it is 
concluded that all Røros VMS deposits occur in stratigraphically 
inverted successions in four distinct exotic terranes within the Köli 
Nappe Complex. 
The Harsjøn tectonic lens (Lower Köli) hosts the Lossius, Sara and 
Harsjøn VMS deposits on the boundary between highly altered mafic 
volcanics and graphitic phyllites.  The complex ore lead isotopic 
signature is interpreted as due to metamorphic remobilization. 
Most Røros VMS deposits (e.g. Storwartz, Kongen and 
Lergruvbakken) are hosted by gabbro-intruded meta-turbidites of the 
Middle Köli (Røros Schists).  This is one of the most characteristic 
terranes of the Scandinavian Caledonides and can be traced for 600 km 
into the central (Ankarvattnet) and northern (Ruonasvagge) parts of the 
orogen.  The homogeneous ore lead isotopic signature (206Pb/204Pb ~ 
18.15) indicates a juvenile source with a small but significant influence 
from a crustal source.  This ore type is compared to the recently defined 
“Escanaba type” in the eastern Pacific. 
The Kjurudal Phyllite is another Middle Köli unit, hosting the major 
Killingdal VMS deposit.  The ore lead isotopic signature of Killingdal 
demonstrates a homogeneous, but distinctly radiogenic, isotopic 
composition (206Pb/204Pb ~ 18.45) and considerably stronger crustal 
influence. 
The Herrsjø Greenstones is also a Middle Köli unit hosting several 
small VMS deposits (Gressli, Rødhammeren and Bukkhammar) with 
relatively homogeneous and low-radiogenic ore lead isotopic 
compositions (206Pb/204Pb ~ 17.80-18.05).  This is comparable to the 
Løkken ophiolite and Stekenjokk island arc, thus typical for Ordovician 
oceanic volcanic environments and with minimal contents of old 
recycled crustal material. 
In summary, there was no, or very limited, mixing of the four source 
rock systems established for the Røros VMS deposits, which suggests 
that the ore-forming environments were isolated from each other and 
thus separate terranes.  The recognition of discrete quantities of crustal 
sources in two Middle Köli environments reveals the presence of an 
adjacent but unidentified continent.  Since the more intense crustal 
contamination was recorded in the tectonically higher unit, the 
Kjurudal Phyllite, it is unlikely that this continent was Baltica. 
 
ZIRCON FISSION-TRACK THERMOCHRONOLOGY OF THE 
NOJIMA FAULT ZONE, JAPAN  

TAGAMI, T. and MURAKAMI, M., Division of Earth and 
Planetary Sciences, Kyoto University, Kyoto 606-8502, Japan, 
tagami@kueps.kyoto-u.ac.jp 

Quantitative assessment of heat generation and transfer associated with 
a fault motion is critically important to constrain the thermal budget of 
orogeny as well as to estimate the shear stress that controls the energy 
budget of earthquakes.  These thermal signatures also provide a tool for 
constraining the ages of faults.  In the present contribution, we 
summarize our recent results of the zircon fission-track (FT) 
thermochronologic analysis of the Nojima fault, which was activated 
during the 1995 Kobe earthquake (Hyogoken-Nanbu earthquake; 
M7.2).  Rock samples were collected from the University Group 500 m 
(UG-500) borehole, Geological Survey of Japan 750 m (GSJ-750) 
borehole, the fault trench at Hirabayashi, and nearby outcrops.  In the 
two boreholes that penetrate the fault at depth, zircon FTs were 
partially annealed in the samples neaby the fault.  The age of onset of 
cooling from the zircon partial annealing zone (ZPAZ) was estimated 
by the inverse modeling of FT data using the Monte Trax program; i.e., 
~2.5 Ma within ~3 m (in the hanging wall only) from the fault plane in 
the UG-500, and ~35 Ma within ~25 m from the fault in the GSJ-750.  
On the basis of one-dimensional heat conduction modeling as well as 
the general positive correlation between the FT annealing and 
deformation/alteration of borehole rocks, those cooling ages in both 
boreholes probably represent ancient thermal overprints by heat 
dispersion or transfer via fluids in the fault zone.  Calculation of in-situ 
heat dispersion indicates the resulted temperature increase of ~1 °C, if 
the frictional heat is homogeneously and instantaneously dispersed via 
fluids to a 3 m-wide zone.  Because such a small temperature increase 
does not advance significantly the zircon FT annealing, it is likely that 
the thermal overprints were caused by migration of hot fluids along the 
fault zone from deep crustal interior.  For the fault trench samples, 
zircon FTs of the 2 – 10 mm thick pseudotachylyte layer were totally 
annealed and subsequently cooled through ZPAZ at ~56 Ma, which is 
interpreted as the time of (final stage) of pseudotachylyte formation.  It 
is suggested, therefore, that the present Nojima fault was formed in the 
Middle Quaternary by reactivating an ancient fault initiated at ~56 Ma 
at mid-crustal depth. 
 
COMPOSITIONAL VARIATIONS IN ALLUAUDITE-GROUP 
MINERALS  

TAIT, K.T., University of Arizona, Tucson, AZ, 85721, 
ktait@geo.arizona.edu, and HAWTHORNE, F.C., University of 
Manitoba, Winnipeg, MB, R3T 2N2 

The alluaudite-group minerals are a group of complex primary and 
secondary phosphate minerals that occur primarily in granitic 
pegmatites.  A systematic study of alluaudite, hagendorfite and varulite 
was performed using single-crystal X-ray diffraction, powder 
diffraction and electron microprobe analyses on samples from twelve 
separate localities.  Over the last couple of decades it has become clear 
that pegmatitic phosphates can be used to provide important paragenic 
information since they form in all stages of pegmatite genesis.  Element 
rations (such as Fe/Mn) and the presence or lack of, elements in 
primary phosphates can also be used to determine the prospects of 
economically valuable minerals in a pegmatite, such as petalite or 
tantalite. 
The crystal structure of the representative alluaudite and hagendorfite 
samples were refined to R1 indices of 3.7 and 1.8% respectively on a 
Siemens P4 automated four-circle diffractometer equipped with a 
graphite monochromator and MoK" radiation.  A powder sample of 
alluaudite was collected over a range 7-100° 22 with CuK" radiation 
on a Siemens D5000 Bragg-Brentano diffractometer, and subsequently 
refined using the Rietveld method.  These samples and several others 
were analyzed with an electron microprobe to look at variations in 
chemistry. 
Alluaudite s.l. has Fe3+dominant at the M(2)-site, with ferroalluaudite 
M(1) = Fe2+ and alluaudite M(1) = Mn2+.  Most alluaudites are Al-poor, 
except for the alluaudites from Buranga, Rwanda and Big Fish River, 
Yukon.  Hagendorfite has Fe2+ dominant at the M(2)-site and varulite 
has Mn2+ dominant M(2)-site.  The Na content at the X(2) site is 
dependant on the amount of trivalent cations at the M(2) site (mainly 
Fe3+), as the amount of M(2)Al3+ + M(2)Fe3+ increases, X(2)Na decreases.  
Alluaudite, varulite and hagendorfite are poor in Ca, and Mn2+ 
preferentially occurs at the octahedrally coordinated M(1)- and M(2)-
sites in the structure. 
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SALT TECTONICS IN THE RAS TAFELNEY-SAFI SEGMENT 
OF THE MOROCCAN ATLANTIC MARGIN  

TARI, G., gtari@vancoenergy.com, MOLNAR, J. and 
THOMPSON, P., Vanco Energy Company, 3 Greenway Plaza, 
12th floor, Houston, Texas 77046, USA 

The large Triassic/Jurassic salt basin offshore Morocco is associated 
with the early rifting of the Central Atlantic region.  The progressive 
deformation of the vast amount of syn-rift salt created a basin with a 
large number of salt-related structures.  These include a poorly 
developed raft domain in the upper slope and numerous allochthonous 
salt structures basinward, such as salt canopies, sheets and tongues. 
Also, a zone of prominent toe-thrust anticlines developed at the leading 
edge of the salt basin. 
The temporal evolution of the salt basin is similar to that of other salt 
basins, e.g. offshore Nova Scotia and the Gulf of Mexico.  During the 
Mid-Late Jurassic the thermal subsidence of the Atlantic oceanic crust 
created a pronounced basinward slope which resulted in the formation 
of antecedent folds.  After a period of relative tectonic quiescence in 
the Early-Middle Cretaceous, the salt structures were reactivated at the 
end of the Cretaceous forming several allochthonous salt features.  
These structures were further enhanced during mid-Tertiary times, 
partly driven by the inversion of the Atlas Mountains onshore. 
The most obvious suprasalt exploration targets due to salt tectonics are 
the large anticlines of the toe-thrust zone.  Significantly more complex 
subsalt traps are associated with the large number of allochthonous salt 
sheets and canopies. 
 
CORRELATION OF SYN-RIFT STRUCTURES BETWEEN 
NOVA SCOTIA, CANADA AND MOROCCO  

TARI, G., MOLNAR, J., and THOMPSON, P., 
gtari@vancoenergy.com, Vanco Energy Company, 3 Greenway 
Plaza, 12th floor, Houston, Texas 77046, USA 

The reconstruction of the relative positions of the North American and 
African continents before the opening of the central Atlantic Ocean 
have either been based on morphological fits using coastlines and 
different isobaths, seafloor magnetic and fracture data or on matching 
pre-breakup paleomagnetic poles of the stable cratons.  None of the 
existing reconstructions utilize syn-rift structures which are expected to 
be preserved on these conjugate passive margins. 
Based on newly acquired reflection seismic and potential field data 
offshore Morocco, an anomalous basement high is defined beneath the 
Tafelney Plateau.  This high not only has a bathymetric expression, but 
it has a pronounced signature on various satellite-based and shiptrack 
potential field maps.  Its NW trend is oblique both to the 
coastline/shelf-edge and the expected orientation of Atlantic transform 
faults.  We interpret the basement high of the Tafelney Plateau as a 
high-relief accommodation zone analogous to many well-studied 
examples in the present-day East African rift system.  It developed 
between two normal fault systems with opposing polarities.  The actual 
Early to Middle Jurassic breakup occurred obliquely across the 
accommodation zone leaving most of it on the Moroccan margin. 
The correlation of syn-rift structural elements across the central 
Atlantic basin based on seismic reflection and potential field data has 
important implications for hydrocarbon exploration in these frontier 
deepwater provinces. 
 
ROCK TYPE DETERMINATION IN OIL-BEARING 
RESERVOIRS USING MULTIDIMENSIONAL GROUPING OF 
LOG DATA:  A CASE STUDY FROM MARUN FIELD, SOUTH 
IRAN  

TAVAKOLI, V., vtavakol@khayam.ut.ac.ir, and AMINI, A., 
ahamini@khayam.ut.ac.ir, University of Tehran, Geology Dep., 
Tehran, Iran 

Introduction 
Rock type is defined as a set of characteristics that several rocks have 
in common.  The characteristics of interest are those pertaining to fluid 
movement and fluid storage capacity.  The rock type can be determined 

using wire line logs.  By grouping log data in multidimensional space, 
we can relate each point (reading) to a group of data (rock type).  Using 
different characters such as porosity and permeability on different logs, 
distinct rock types with this method can be defined. 
Methodology 
Data with minimum distance are grouped together.  This distance can 
be computed in several ways.  Based on Cophenet correlation 
coefficient and core data correlation, Standardized Euclidean distance 
is used for this paper based of formula equation: 
 drs

2 = (xr - xs)D-1(xr - xs)t

where: 
 xr & xs: r & s readings respectively 
 drs: distance between r & s readings 
 D: diagonal matrix with diagonal elements given by &nu;j

2, 
which denotes the variance of the j log over the number of readings.  D-

1 is inverse matrix. 
 (xr - xs)t : Linear algebraic transpose of (xr - xs) 
Groups are linked together to build bigger ones.  There are several 
ways to distance computation between two groups.  The average 
distance method used here is: 
 r,s: groups 
 nr, ns: number of group members 
 xri, xsj: i member of group r and j member of group s 
respectively. 
Number of groups is definite, so that this procedure continues until all 
readings have a place in the groups.  The group number of each reading 
reflects its rock type. 
Results 
Considering porosity and lithology as two basic parameters in rock type 
determination, GR, CGR, CNL, LDL, BHC logs and core porosity are 
used.  In this study 12 rock types are defined.  Higher number of rock 
types results in more detailed description of them.  Results are 
compared with those determined from cores data and thin sections. 
Conclusions 
The ability of applied method using MATLAB software is 
demonstrated in this paper.  Rock type determination (based on 
described method) provides greater information on reservoir 
characterisation than lithology, although lithology is essential.  This 
procedure needs no special training or regression equation so that is 
more accurate than intelligent programs.  Quick operation and 
flexibility of procedure in using diverse data are other advantages of the 
method. 
 
MERCURY TRANSPORT AND SPECIATION BY RIVERS OF 
BRITISH COLUMBIA:  THE IMPORTANCE OF ROCK 
WEATHERING  

TELMER, K.H. and SPENCE, J.D., School of Earth and Ocean 
Sciences, University of Victoria, Victoria, BC, V8W 3P6, 
ktelmer@uvic.ca 

Water and suspended particulate from the Fraser, Skeena and Nass 
river systems of the western Canadian Cordillera have been analysed 
for mercury (Hg) concentrations in the dissolved, adsorbed, organic 
bound and mineral bound phases.  The total annual export of Hg to 
coastal waters by these rivers is determined to be 10.9 • 103 kg·yr-1, of 
which 6% (630 kg·yr-1) is in the labile phases (dissolved < adsorbed < 
organic bound).  Dissolved Hg concentrations range from <0.3 to 1.4 
ng•L-1 (ppt).  Particulate Hg concentrations (dry weight) range from 3 
to 88 ppb (adsorbed), 4 to 270 ppb (organic bound), and 5 to 2000 ppb 
(mineral bound). 
Chemical weathering of bedrock transfers Hg from bedrock to the 
pedosphere, biosphere, atmosphere, and hydrosphere.  Using measured 
chemical weathering rates and conservative estimates of Hg in bedrock, 
Hg release by weathering in the study area is calculated by mass 
balance.  Results indicate weathering is the dominant source of Hg in 
the Cordilleran rivers, with sulphide oxidation having the greatest 
influence on Hg release bedrock weathering. 
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Comparison of data collected during the high stage (June) and low 
stage (October) of the hydrograph shows a seasonal variability in Hg 
concentrations and relative distribution between the adsorbed, organic 
bound and mineral bound phases.  In June, the labile Hg dominantly 
exists in the adsorbed phase, with little organic bound Hg.  The 
opposite distribution is observed in October.  This is consistent with a 
change in composition and source of the suspended particulate matter 
from relatively unweathered rock flour in June (alpine source) to 
substantially more weathered material in October (valley source) 
containing a greater percentage of organic material and secondary 
minerals that form during soil development. 
The mineral-bound Hg concentrations also show seasonality, with 
Fraser, Skeena and Nass main stem samples having as much as an order 
of magnitude more Hg in June than October.  Lower Hg concentrations 
in the low-land derived particulate suggests that soil development may 
be associated with direct loss of Hg to the atmosphere. 
 
Re-Os ISOTOPE STUDIES OF FUMAROLES AND SULPHIDE 
SUBLIMATES IN THE KUDRIAVY VOLCANO, KURILE 
ISLANDS  

TESSALIA, S.G.1, svetes@ipgp.jussieu.fr, YUDOVSKAYA, 
M.2, CAPMAS, F.1, BIRCK, J-L.1, DISTLER, I.2, CHAPLYGIN, 
I.2, and ALLÈGRE, C-J.1,  1 Laboratoire de Geochimie et 
Cosmochimie, Institute de Physique du Globe, Paris, France;  2 

Institute of Geology of Ore Deposits, Petrography, Mineralogy, 
and Geochemistry, RAS, Moscow, Russia 

The rhenium loss through magma degassing could be partly balanced 
by rhenium enrichment in fumarolic magmatic gases and Re-bearing 
precipitates, as it is a case for the Kudryavy subduction zone volcano, 
Kurile Islands.  The sources of this unusual Re enrichment could be 
estimated using the Re-Os isotopic systematic.  The relatively 
radiogenic composition of the arc volcanics (187Os/188Os ratio up to 
0.58) could result in the significant Os (and Re) input from relatively 
radiogenic 400 m thick subducted sediments. 
The unradiogenic 187Os/188Os isotope ratios (0.122 up to 0.152) and 
high Os contents (averaging 0.6 ppb) of fumarolic gas condensates 
imply that a significant part of Re and Os was remobilised from 
depleted MORB mantle.  Involvement of Re-rich component is evident 
from high Re concentrations in high-temperature gas condensates, 
ranging from 7 to 200 ppb.  Indeed, the more radiogenic Re-rich, Os-
poor components such as organic-rich subducted sediments (≥ 20%) 
and volcanic rocks (≥ 20%) do not shift significantly the isotopic 
composition of fumarolic products.  Deposited from fumaroles 
discharges, Re-sulphide (rheniite, ReS2) is highly radiogenic due to 
high Re contents (74.5 wt.% of Re).  The repeated analysis of two 
rheniite samples show the model ages of 79 ± 11 a, which is a 
beginning of 100 years-old fumarolic activity.  The initial osmium 
isotope ratio (187Os/188Os = 0.32 ± 0.15) is slightly higher than that of 
fumaroles condensates.  The sulphosolts have relatively unradiogenic 
osmium isotopic composition (0.125 to 0.176), close to that of 
fumaroles, and quite high Re contents (~250 ppb).  According to 
experimental studies, the high temperature (up to 940°C) fumaroles 
gases with 0.5 mol% of Cl at Kudryavy volcano can easily remobilise 
Re from the host rocks (up to 1 ppm of Re).  Formation of pure 
rhenium minerals could be due to subaerial deposition, which exclude 
the Re complexes dissolution in water.  This unusual rhenium 
enrichment at Kudryavy volcano confirms extreme heterogeneity of 
rhenium distribution in the continental crust. 
 
TEXTURAL EVOLUTION OF ANATECTIC METAPELITES 
FROM THE TASIUYAK PARAGNEISS, NORTHERN 
LABRADOR  

TETTELAAR, T.A, ttettelaar@yahoo.com, and INDARES, A.D., 
Memorial University of Newfoundland, St. John's, NL, A1B 3X5 

The Tasiuyak paragneiss of the Torngat orogen was subjected to 
granulite-facies regional metamorphism at ca. 1860-1840 Ma, and 
high-T contact metamorphism in the vicinity of the ca. 1360-1290 Ma 
Nain Plutonic Suite (NPS).  This paragneiss comprises garnet-
sillimanite-bearing anatectic metapelites that preserve textures related 
to partial melting developed under the regional metamorphic 

conditions.  These rocks consist of fine-grained, granitic pods 
(leucosome), enclosing prismatic sillimanite and garnet porphyroblasts, 
and alternating with layers of coarse-grained quartz ribbons.  Key 
textures include:  porphyroblastic garnet cores enclosing sillimanite 
needles (Grt1, Sil1); xenomorphic garnet rims around Grt1 and 
enclosing prismatic sillimanite (Grt2, Sil2); and small, euhedral garnet 
(Grt3) associated with Grt2 rims that are corroded by vermicular 
leucosome.  In addition, Grt2 is locally replaced by fibrolite (Sil3) 
and/or biotite. 
These textures are interpreted as follows:  Grt1 and Sil1 represent the 
earliest preserved phases of the prograde evolution, formed by 
subsolidus reactions; Sil2 formed by the discontinuous muscovite 
dehydration reaction:  muscovite + quartz ± plagioclase = sillimanite + 
K-feldspar + liquid (R1); Grt2 is the product of the continuous biotite 
dehydration reaction:  biotite + sillimanite + quartz ± plagioclase = 
garnet + K-feldspar + liquid (R2).  Corrosion of Grt2 by leucosome is 
indicative of the reaction K-feldspar + plagioclase + quartz + 
sillimanite + garnet = liquid (R3) that occurs following elimination of 
biotite by R2.  As melt crystallized, Grt3 was produced during early 
stages by R3 in the reverse sense whereas Grt2 was partly replaced 
during later stages by Sil3 + biotite + quartz aggregates by R2 in the 
reverse sense.  Because biotite was absent from the peak-T assemblage, 
Grt-Bt thermometry cannot be applied in these rocks.  The P-T 
conditions of the thermal peak were estimated by using the 
NaKFMASH petrogenetic grid and GASP barometry at 7.2-10.2 kbar 
and 800°C-830°C. 
The textures described above are overprinted by contact metamorphic 
assemblages around the Makhavinekh Lake pluton of the NPS.  These 
include progressive development of cordierite + orthopyroxene after 
Grt2 + biotite, and cordierite + spinel after Grt1 + Sil1 or Grt2 + Sil2.  
Presence of minor amounts of plagioclase + quartz symplectites and 
granitic pods in the matrix, observed in samples adjacent to the pluton 
are consistent with partial melting associated with the contact 
metamorphism.  Using the same methods mentioned above, a P-
estimate of 3 to 4 kbar and a T-gradient from 675°C to at least 850°C 
were calculated for this thermal event. 
 
FINGERPRINTING OF THE OTTAWA-BONNECHÈRE AND 
SAGUENAY GRABENS UNDER THE ST. LAWRENCE 
LOWLANDS AND QUÉBEC APPALACHIANS:  PRIME 
TARGETS FOR HYDROCARBON EXPLORATION  

THÉRIAULT, R.D., BRISEBOIS, D., Ministère des Ressources 
naturelles, de la Faune et des Parcs, 5700 4ème Avenue Ouest, 
Québec, QC, G1H 6R1, robert.theriault@mrnfp.gouv.qc.ca, and 
RHEAULT, M., MIR Télédétection Inc., 110 rue de la Barre, 
bureau 212, Longueuil, QC, J4K 1A3 

The Ottawa-Bonnechère and Saguenay grabens were formed during the 
major Cambrian rifting event associated with the opening of the Iapetus 
Ocean, along the eastern continental margin of North America.  
Although the westward extension of these graben structures into 
Proterozoic rocks of the Grenville Province is clearly visible (i.e. 
Saguenay and Ottawa river valleys), their eastward propagation 
towards more structurally-favourable areas is masked by Cambro-
Ordovician platform rocks of the St. Lawrence Lowlands and thrust 
sheets emplaced during the Appalachian Orogeny.  Nonetheless, 
fingerprints suggestive of the presence of deeply rooted faults are 
observed along the eastern extension of these two structural corridors, 
such as : 1) E-W to WNW oriented lineaments interpreted from satellite 
and topographical imagery; 2) emplacement of various intrusive rocks 
having a mantle origin, and known to occur in rift environments (e.g. 
alkaline and tholeiitic intrusions (minor lava flows), lamprophyres, 
diatremes, carbonatites); 3) relatively abundant Pb-Zn(-Ba) 
mineralisations of hydrothermal origin, including MVT and SEDEX 
deposits, along with stream sediment and underground water anomalies 
for these elements; 4) presence of coarse polymictic breccias and 
conglomerates indicative of significant topographic relief such as in a 
rift valley; and 5) clusters of identified earthquakes. 
Cambrian grabens or aulacogens related to the opening of the Iapetus 
Ocean, such as those of Ottawa-Bonnechère and Saguenay, represent 
prime targets for hydrocarbon exploration.  A number of oil and gas 
discoveries have been made recently along similar structures in the 
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United States, especially within hydrothermal dolomite reservoirs 
associated with the prolific Trenton-Black River interval.  However, 
although these rock formations are present in Québec, the hydrothermal 
dolomite play remains to be tested. 
 
DECIPHERING MULTIPLE MAGNETIZATIONS IN 
AVALONIAN MAGMATIC ROCKS OF SOUTHEASTERN 
NEW ENGLAND  

THOMPSON, M.D., Department of Geosciences, Wellesley 
College, Wellesley, MA 02481, mthompson@wellesley.edu, 
GRUNOW, A.M., Byrd Polar Research Center, Ohio State 
University, Columbus, OH 43210, AULT, A.K., Department of 
Earth & Planetary Sciences, University of New Mexico, 
Albequerque, NM 87131-1116, and RAMEZANI, J., EAPS, MIT, 
Cambridge, MA 02139 

Results presented here are part of an ongoing geochronologic-
paleomagnetic investigation into the drift history of the Southeastern 
New England Avalon Zone based on igneous and sedimentary rocks in 
and around the Boston Basin, eastern Massachusetts.  The majority of 
rocks in this area are ca. 625-590 Ma plutonic and volcanic units 
formed during Avalonian arc magmatism in late Neoproterozoic time.  
Although Peri-Gondwanan paleogeographic position is well accepted 
for this arc, its exact location continues to be debated.  Unraveling 
multiple magnetization directions in 608.3 ± 1.4 Ma Dedham Granite 
from Hingham, MA (new upper concordia intercept date from ID-
TIMS U/Pb analyses of four single zircons; MSWD =0.36) sheds some 
light on this problem. 
The Hingham sample contains multiple magnetizations, the relative 
ages of which can now be interpreted by comparison with directions 
from other dated rocks around Boston.  A generally higher temperature 
component, characterized by due south declinations and moderately 
low inclinations has also been identified in younger rocks including ca. 
596 Ma rhyolite from the Mattapan Volcanic Complex south of the 
Boston Basin and a 491 Ma syenite associated with the Nahant Gabbro 
on Boston's north shore.  The high temperature component thus appears 
to be a secondary magnetization in the 608 Ma granite. 
The lower temperature component, characterized by WNW-ESE 
declinations and moderate inclinations, agrees with directions obtained 
from mafic and intermediate Mattapan units with a minimum age of 
595 Ma in center of the Boston Basin.  This sequence also shows both 
normal and reverse polarity suggestive of a primary Neoproterozoic 
magnetization.  Similar directions are found in ca. 596 Ma siliceous 
Lynn and Mattapan volcanic rocks located, respectively, north and 
south of the Basin. Paleopoles derived from this regionally 
recognizable direction resemble the published paleopole from ca. 606 
Ma Harbour Main rhyolite in the Newfoundland Avalon zone and 
suggest a moderate to low southerly paleolatitude during arc activity. 
 
RISK OF WILDLIFE DAMAGE INDICATOR  

THOMPSON, D.1, thompsond@agr.gc.ca, CALLAGHAN, C.J.2, 
LIGGINS, L.1 and WEINS, T.3,  1 AAFC Research Branch, 3015 
Ord Rd., Kamloops, BC, V2B 8A9;  2Agriculture and Agri-Food 
Canada, K.W. Neatby Bldg., 960 Carling Avenue, Room 4110, 
Ottawa, ON, K1A 0C6;  3 1800 Hamilton Street, Regina, SK, S4P 
4L2 

Agricultural land contributes significantly to wildlife habitat 
requirements and biodiveristy conservation.  Most species of wildlife 
have positive or neutral economic effects on agricultural operations and 
producer quality of life but some non-endangered and abundant species 
cause crop yield loss, livestock loss, and damage to farm property.  
Across Canada, annual economic losses have been estimated in the 
millions of dollars and many producers have reported an increasing 
trend in wildlife damage.  As wildlife is a public resource, producer 
options for managing populations of wildlife species causing damage 
are constrained by provincial, national, or international regulations, 
laws, or treaties.  Moreover, because producer tolerance of wildlife 
damage is an important factor in sustaining biodiversity on farmland 
across Canada, effective strategies to manage the risk of wildlife 
damage must be developed.  AAFC’s Risk of Wildlife Damage (RWD) 
indicator will help to effectively manage wildlife damage risk by 

enhancing our understanding of the causal factors that contribute to the 
risk of wildlife damage.  The indicator aims to identify the biophysical 
factors that explain the risk of wildlife damage to agriculture, model 
their relationships, and determine whether the risk of damage is 
increasing, decreasing, or remaining static over time.  Predictive 
damage risk models will be developed relating crop yield loss to 
several factors including key weather events, proximity and status of 
wildlife populations, proximity and quality of off farm and on farm 
habitat, cropping and harvesting practices, and mitigation techniques.  
Models will initially be developed for two key wildlife groups: 
ungulates and waterfowl.  The models will be developed using crop 
damage data from specific regions, spatial information on biophysical 
factors, and small scale surveys of producers.  Models will be 
extrapolated to regional-provincial scales and the accuracy of the 
models will be tested using a variety of independent data, such as 
occurrence data, farm surveys, and expert opinion.  Eventually risk 
classes will be assigned to each agricultural (greater than 5% 
agricultural land) Soil Land Classification (SLC) polygon in Canada 
and the indicator output will be represented in a geospatial format. 
 
EARLY AND MIDDLE PROTEROZOIC EVOLUTION OF 
NORTHWESTERN LAURENTIA  

THORKELSON, D.J., Dept. of Earth Sciences, Simon Fraser 
University, Burnaby, BC, V5A 1S6, dthorkel@sfu.ca, ABBOTT, 
J.G., Yukon Geological Survey, Whitehorse, YT, Y1A 2C6, 
MORTENSEN, J.K., Dept. of Earth and Ocean Sciences, 
University of British Columbia, Vancouver, BC, V6T 2B4, 
CREASER, R.A., Dept. of Earth and Atmospheric Sciences, 
University of Alberta, Edmonton, AB, T6G 2E3, VILLENEUVE, 
M.E., MCNICOLL, V.J., Geological Survey of Canada, Ottawa, 
ON, K1A 0E8, and LAYER, P.W. , Geophysical Institute, 
University of Alaska, Fairbanks, AK 99775-7320, USA 

In Yukon and adjacent areas, the Early and Middle Proterozoic 
geological record is provided mainly by deformed supracrustal 
successions.  The underlying crystalline basement is unknown in age 
and nature but geophysically is characterized by the Nahanni magnetic 
“low” in northeastern BC and southeastern Yukon that gives way in 
northern Yukon and adjacent NWT to large elliptical magnetic “highs.”  
These elliptical anomalies have been correlated by some workers with 
the narrow, north-trending Fort Simpson magnetic “high,” interpreted 
previously as an Early Proterozoic volcanic arc, but we contend that 
they are distinct features brought together along a suture or transcurrent 
fault.  The supracrustal rocks of Early and Middle Proterozoic age 
reflect alternating crustal attenuation and contraction, punctuated by 
magmatic and hydrothermal events.  The oldest exposed succession is 
the 13 km-thick Wernecke Supergroup, which hosts local Pb-Zn 
sedimentary exhalative occurrences.  The Muskwa Assemblage in 
northeastern BC may be coeval.  The Wernecke Supergroup was 
folded, foliated, kinked and uplifted during the Racklan/Forward 
orogeny, intruded by the 1.71 Ga tholeiitic Bonnet Plume River 
intrusions, and locally eroded to stratigraphic depths of least 10 km 
prior to a Yukon-wide hydrothermal event at 1.60 Ga.  This fluid event 
led to development of numerous large breccia zones named Wernecke 
Breccia which are locally enriched in Fe-oxides, Cu and Au, and are 
similar in age and metallogenetic character to breccias at the Olympic 
Dam mine in Australia.  After brecciation, the region was apparently 
stable for 220 m.y., when renewed extension led to 1.38 Ga mafic 
magmatism (Hart River sills and volcanics) and deposition of the 
Pinguicula Group.  The apparent lack of activity from 1.60-1.38 Ga 
contrasts with pronounced extension in west-central Laurentia that 
formed the Belt basin at ca. 1.47 Ga.  However, Hart River magmatism 
is similar in age to mafic sill emplacement in the Belt basin (1.37 Ga), 
implying a tectono-magmatic connection.  From 1.38-1.0 Ga, 
northwestern Laurentia again experienced stable conditions except at 
1.27 Ga when dykes of the Mackenzie event (locally named Bear River 
dykes) were emplaced.  During the interval 1.0-0.78 Ga, the Mackenzie 
Mountains Supergroup was deposited in a shallow marine environment 
and received zircon- and muscovite-bearing sediment from the 
Grenville orogen.  Locally, this succession was deformed into west-
verging folds and thrust sheets during the Corn Creek orogeny, 
followed by erosion, Late Proterozoic rifting, mafic magmatism, and 
deposition of the Windermere Supergroup. 
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CANADA'S WATER  

THORLEIFSON, L.H., Professor and Director, University of 
Minnesota, Minnesota Geological Survey, 2642 University Ave 
W, St Paul, MN 55114-1057, USA, thorleif@umn.edu 

Water occurs everywhere, determining our wealth, health, security, and 
heritage.  While it is commonly stated that Canada is water-rich, it 
concurrently should be recognized that all water is allocated to existing 
human and ecosystem usage, and any water withdrawal or transfer has 
consequences for downstream users that may or may not be tolerated.  
Our wealth therefore is reliant on wise stewardship of our water 
resources, to ensure adequate quantities for drinking water, industry 
and agriculture, and sufficient levels for navigation and hydroelectric 
power generation.  Comprehensive mapping and monitoring of 
hydrological systems is required for their current management and in 
preparing for future scenarios of climate change, population growth, 
and economic development, but much progress is urgently required in 
mapping and understanding our groundwater systems.  Water quality 
determines our health, and water treatment begins by dealing with the 
natural composition of the water, governed by geology and land use.  
Awareness of arsenic in drinking water is increasing, and insights into 
regional geology are required to distinguish natural arsenic from 
contamination.  In the case of natural arsenic derived from in situ or 
glacially dispersed rocks such as black shales, source water substitution 
or treatment is called for, but a compelling geological explanation will 
be required in order to alleviate public concern and correct mistaken 
attribution of the apparent contamination to industry.  Groundwater 
protection is a field of heightened diligence as intensive livestock 
operations increase in number, and geological mapping is a key in 
determining groundwater vulnerability.  With respect to security, 
flooding is one of the most pressing hazards that many Canadians face.  
We must have a long-term perspective on the frequency and magnitude 
of floods that have occurred, and an understanding of processes that 
may alter flood risk, such as geomorphic evolution of river systems, 
uplift, landscape modification, and climate change.  Shoreline erosion 
also is a major concern that requires an understanding of long term 
water level trends.  Biodiversity is a key heritage issue, and 
maintenance of aquatic ecosystem integrity requires information 
regarding the long-term history of ecosystems, groundwater discharge 
that maintain water levels, and pathways of contaminated groundwater.  
Understanding Canada’s water therefore is a challenge that requires a 
full comprehension of our geology, our climate, and our biota, and the 
pressing need to understand our hydrological systems is increasingly 
recognized as we seek to optimize our standard of living, our security, 
our health, and stewardship of the environment. 
 
THE MAIN ZONE, CLARENCE STREAM GOLD DEPOSIT, 
SOUTHWESTERN NEW BRUNSWICK, CANADIAN 
APPALACHIANS:  GEOLOGICAL, PETROCHEMICAL, 
ISOTOPIC, AND GEOCHRONOLOGIC EVIDENCE FOR AN 
INTRUSION-RELATED ORIGIN  

THORNE, K.G., Geological Surveys Branch, New Brunswick 
Department of Natural Resources, P.O. Box 6000, Fredericton, 
NB, E3B 5H1, kay.thorne@gnb.ca, and LENTZ, D.R., 
Department of Geology, University of New Brunswick, P.O. Box 
4400, Fredericton, NB, E3B 5A3 

The Clarence Stream gold deposit is the most significant of several 
intrusion-related gold deposits recognized in southwestern New 
Brunswick.  At the Main Zone of the deposit, bonanza-grade gold 
mineralization occurs mainly within a parallel series of shear zone-
hosted, sulfide-bearing quartz veins that are hosted by metamorphosed 
Silurian sedimentary, volcanic, and gabbroic rocks.  The mineralized 
shear zone is a prominent dextral, northeast-trending, steeply dipping, 
brittle-ductile deformation zone that transects the local volcano-
sedimentary package, and parallels the nearby intrusive contact with 
the Early Devonian I-type, Magaguadavic Granite of the post-orogenic 
Saint George Batholith.  Late Silurian movement along the shear zone 
provided a mechanism for the emplacement of multiple generations of 
mantle-derived gabbroic dykes.  Subsequent shear zone reactivation, 
coincident with local magmatic activity (Early Devonian), initiated the 
emplacement of minor granitic dykes (locally gold-bearing) and 

provided a conduit for focussing the magmatic-hydrothermal fluids, 
eventually generating the auriferous fault fill quartz veins that have 
since been recrystallized and boudinaged during later deformation.  
Potassic and sodic alteration within the metagabbroic and 
metasedimentary wall rocks, respectively, are evident peripheral to the 
mineralized veins. 
Metasediment- and gabbro-hosted quartz veins (East and West zones, 
respectively), are characterized by arsenopyrite, pyrrhotite, berthierite, 
pyrite, chalcopyrite, sphalerite, and a variety of Sb- and Bi-bearing 
minerals in association with trace amounts of native gold, gold-stibnite 
intergrowths, and aurostibite.  At the West Zone, gold tends to correlate 
the most with Ag (r’ = 0.63), and, Bi and Cd (r’ = 0.51), whereas at the 
East Zone, Sb (r’ = 0.82), Bi (r’ = 0.79), and Ag (r’ = 0.72) correlate 
the most with Au.  Secondary Ion Mass Spectrometry indicated that 
relatively negligible amounts of gold are contained within arsenopyrite 
(mean 15.309 ppm; n = 40) and pyrite (mean 0.087 ppm; n = 19). 
Compositions of the mineralizing fluids were estimated to be within the 
range of log aMg/aH2 = 2.5-5, log aK/aH = 1-4.5, and log aNa/aH = 
3.5-4.5.  Arsenopyrite geothermometry, sphalerite geobarometry, 
sulfide phase equilibria, and stable isotope studies indicate that the 
mineralizing fluids were high temperature (300-375ºC), low pCO2 
fluids that deposited the Au from chloride complexes under reducing 
conditions at relatively low log aS2 (-9 to -15).  Deposition occurred 
primarily due to phase separation induced by pressure fluctuations 
(between 0.5-2.0 kbar) during seismic pumping combined with a 
decrease in temperature and neutralization of the fluid.  Isotopic (O, H, 
S, and Pb) signatures are consistent with the derivation of the 
mineralizing fluids from the Magaguadavic Granite, thus supporting an 
intrusion-related origin for the gold mineralization. 
 
TAXONOMIC SIGNIFICANCE OF THE OSTRACODE 
SPECIES CARBONITA ALTILIS (JONES AND KIRKBY 1879) 
FROM THE PENNSYLVANIAN JOGGINS FORMATION, 
ATLANTIC CANADA  

TIBERT, N.E., Department of Environmental Science and 
Geology, University of Mary Washington, 1301 College Avenue, 
Fredericksburg, VA 22401, ntibert@umw.edu, and DEWEY, 
C.P., Department of Geosciences, P.O. Box 5448, Mississippi 
State University, MS 39762, dewey@geosci.msstate.edu 

Ostracoda are one of the most abundant fossil groups recovered from 
the Joggins Formation, yet they have received little detailed study since 
Dawson first reported their occurrence during the 19th century.  Based 
on the external carapace morphologies (e.g., shape and size), most taxa 
from the Joggins Formation have been assigned to the smooth shelled 
problematic lineages (e.g., Carbonita and Gutschickia).  This approach 
has led to numerous suprageneric misidentifications when internal 
characteristics were excluded from the diagnoses.  We subjected the 
ostracode “Carbonita” altilis (Jones and Kirkby, 1879) to rigorous 
internal taxonomic analysis.  Our findings indicate that the adductor 
muscle scar (AMS) field, contact margin, and hingement characters do 
not satisfy the diagnosis for the nonmarine superfamily Carbonitoidea.  
Consequently, the diagnosed characters for “Carbonita” altilis warrant 
placement in the marine superfamily Healdioidea.  The implication of 
our taxonomic revision underscores the necessity to carefully evaluate 
the internal features of smooth, podocopid and metacopine ostracodes 
reported from Paleozoic strata before making suprageneric taxonomic 
assignments and generalized paleoecological inferences. 
 
ONSHORE-OFFSHORE BEDROCK MAPPING, 
SOUTHWESTERN NOVA SCOTIA, CANADA  

TODD, B.J.1, Brian.Todd@NRCan.gc.ca, WHITE, C.E.2, 
DEHLER, S.1 and HAYWARD, S.1,  1 Geological Survey of 
Canada (Atlantic), P.O. Box 1006, Dartmouth, NS, B2Y 4A2;  2 

Nova Scotia Department of Natural Resources, P.O. Box 698, 
Halifax, NS, B3J 2T9 

Recent onshore 1:50,000 scale bedrock mapping in southwestern Nova 
Scotia has been extended 100 kilometres offshore across German Bank.  
Offshore data include 5300 square kilometres of new multibeam sonar 
imagery of the sea floor, marine seismic reflection profiles and regional 
magnetic and gravity data.  On land, southwestern Nova Scotia is 
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underlain mainly by metasedimentary rocks of the Cambrian to 
Ordovician Goldenville and Halifax Formations (together termed the 
Meguma Group), overlain by metavolcanic and metasedimentary rocks 
of the Silurian White Rock Formation.  These rocks were deformed and 
metamorphosed during the Devonian Acadian Orogeny and were 
intruded by several Devonian to Carboniferous granitic plutons and 
subsequent Mesozoic mafic dykes and sills.  The most significant of 
these is the regionally extensive Early Jurassic Shelburne Dyke, which 
has a distinctive magnetic signature that can be traced without 
interruption from southwestern Nova Scotia across much of the Gulf of 
Maine. 
Based on multibeam sonar imagery, a significant portion of the 
offshore geology in the German Bank area is one large plutonic body 
that exhibits a characteristic joint pattern.  Along the southern margin 
of the German Bank a distinctive linear ridge-valley pattern with 
anticline-syncline geomorphology is present.  This is interpreted to 
represent Meguma Group lithologies as these geomorphological 
patterns are similar to those exposed on land.  The southern offshore 
extension of the White Rock Formation appears to be masked by an 
extensive pluton.  Based on limited outcrop exposures on a few islands 
and drill core evidence, the plutonic body appears to be 
petrographically similar to the monzogranitic Wedgeport Pluton and 
may be Carboniferous in age.  The pluton has an associated gravity low 
that is typical of other mapped granites onshore and in the nearshore 
regions.  However, the magnetic signature of this offshore pluton is 
considerably higher than that of the South Mountain Batholith and 
previous studies have confirmed magnetite enrichment and higher 
susceptibility values for the offshore granitoid rocks. 
The southwestern Nova Scotia study demonstrates the added value of 
integrating multiple types of geophysical data in the extrapolation of 
onshore geology offshore, and such an approach will contribute to the 
understanding of the offshore geology and natural resources. 
 
WATER QUANTITY AND USE EFFICIENCY INDICATORS 
FOR CANADA  

TOLLEFSON, L.C. and HARRINGTON, J.P., Agriculture and 
Agri-Food Canada, Canada-Saskatchewan Irrigation 
Diversification Centre, Outlook, SK, S0H 1T0, 
tollefsonl@agr.gc.ca 

The agriculture sector is under increasing competition with other water 
users for the water resource.  Approximately 75% of the water 
withdrawn for agriculture in Canada occurs in the prairie region and is 
used primarily for irrigation.  The development of water quantity and 
use efficiency indicators for irrigation under the National Health 
Analysis and Reporting Program (NAHARP) will be significant to 
policy makers, the agriculture industry, the public, and domestic and 
international consumers.  The initial set of NAHARP indicators for 
water quantity and use efficiency are: 
1.   Water Use Intensity - annual abstraction for irrigation relative to 
renewable freshwater resources; 
2.   Water Use Technical Efficiency (WUTE) - mass of agricultural 
production per unit water diverted and extracted for irrigation; and 
3.   Water Use Economic Efficiency (WUEE) - value of agricultural 
production per unit water diverted and extracted for irrigation. 
The proposed indicators will be evaluated and refined on a pilot scale.  
An approach is outlined to expand the indicators to a national level 
given the varying quality of irrigation water use data currently 
available.  Obtaining standardized, high quality water data across 
Canada will be a challenge.  Preliminary estimates of the indicator 
values for WUTE and WUEE for two irrigation districts in western 
Canada are presented. 
 
GASEOUS MERCURY FLUX MEASUREMENTS FROM TWO 
MINE TAILING SITES IN GOLDBORO-SEAL HARBOUR 
AREA OF NOVA SCOTIA  

TORDON, R., Air Quality Science Division, Environment 
Canada, 45 Alderney Drive, Dartmouth, NS, B2Y 2N6, 
rob.tordon@ec.gc.ca, and DALZIEL, J., Marine Environmental 

Sciences Division, Dept. of Fisheries and Oceans, Dartmouth, 
NS, B2Y 4A2 

During August of 2004, Environment Canada’s (EC) Air Quality 
Science Division conducted gaseous Hg experiments at two sites in the 
Goldboro-Seal Harbour area.  EC Hg flux work was one of a series of 
multidisciplinary studies conducted to help understand the 
environmental impacts associated with the large historical deposits of 
gold metal mine tailings in the Seal Harbour area.  Diurnal 
measurements of gaseous Hg flux to the atmosphere and 
meteorological data (soil and air temperature, wind speed and direction, 
relative humidity, solar radiation) were collected at two sites identified 
by NRCan data as having a distinctly different Hg concentration in the 
surface soil of mine the tailing deposits.  The diurnal flux 
measurements from both sites showed continuous Hg evasion from the 
surface soils at each site.  The data from Site 1 showed mercury flux 
rates during mid-day at 60 ng/m2/hr and the flux declining to about 5 
ng/m2/hr during the evening and night time sampling.  The data from 
the Site 2, which was located ~ 500 meters from Site 1, had distinctly 
more elevated levels of Hg flux to the atmosphere.  The mid-day Hg 
flux rate from Site 2 was in excess of 1200 ng/m2/hr, with flux rates of 
300 ng/m2/hr during the late evening and throughout the night.  These 
flux rates are up to 1000 times the levels measured from unimpacted 
regional soil surfaces (<1.0 ng/m2/hr).  Mercury concentration in 
ambient air and soil flux rates were associated with the changes in 
temperature (ambient and flux-chamber), solar radiation and relative 
humidity.  The flux data from these sites will be compared to data from 
flux experiments conducted at Caribou Mines (Nova Scotia) and other 
non-impacted sites in the Maritimes. 
 
ARE MAGMATIC FLUIDS NECESSARY TO FORM THE 
GIANT MASSIVE SULPHIDE DEPOSITS OF THE IBERIAN 
PYRITE BELT?  

TORNOS, F., f.tornos@igme.es, CONDE, C., Instituto Geologico 
y Minero de España, Azafranal 48, 37002 Salamanca, Spain, and 
VELASCO, F., Universidad del Pais Vasco, Leioa, 48080 Spain 

The geochemistry of the massive sulphides and related hydrothermal 
rocks in the Iberian Pyrite Belt show that they formed in relationship 
with the circulation of deep relatively saline (3-12 wt% NaCl eq.) 
brines having heavy *18O (0-8‰) and radiogenic 87Sr/86Sr and 
207Pb/206Pb ratios.  These features as well as the enrichment in Sn and 
Cu in the Neves Corvo deposit have led to some authors to propose that 
the mineralizing fluids have a significant magmatic component derived 
from plutonic equivalents f the Volcanic Sedimentary Complex that 
host the deposits. 
However, most of these geochemical features can be explained by the 
circulation of fluids equilibrated with the underlying sedimentary 
sequence (PQ Group), in a mechanism similar to that of the sedex 
deposits.  The Volcano Sedimentary Complex is underlayed by more 
than 2000 m of alternating shale and sandstone.  The Sr, Pb and Nd 
isotope composition of these rocks match those of the mineralization 
suggesting that the metals were leached from the siliciclastic sediments.  
Both the high *18O values and the salinity of the fluid can also be 
related with long residence times in a sedimentary sequence. 
Abnormally high Sn and Cu grades in specific zones of some deposits 
can be explained by hydrothermal/tectonic refining.  If the metal 
content is diluted in the total massive sulphide, grades are similar to 
those of the other deposits. 
Magmatic fluids generated at epizonal depths would behave complex 
immiscibility processes, producing large volumes of pervasive acid 
alteration and precipitating a characteristic suite of metals as has been 
observed in porphyry and present day submarine systems.  None of 
these features have been described in the IPB.  Furthermore, fluid 
mixing with surficial fluids would lead to replacive sub-seafloor 
mineralization.  Fluid mixing should drop dramatically the solubility of 
metals transported as chloride complexes, leading to the formation of 
replacive deep mineralization within an aureole of acid alteration. 
 
A COMMON ORIGIN FOR MAGMATIC Ni-(Cu) AND IOCG 
MINERALISATION IN SW IBERIA:  A MIDCRUSTAL 
LAYERED MAGMATIC COMPLEX  
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TORNOS, F., Instituto Geologico y Minero de España, Azafranal 
48, 37002 Salamanca, Spain, CASQUET, C. and GALINDO, C., 
Dpto Petrologia, Universidad Complutense de Madrid, 28040 
Madrid, Spain 

Magmatic Ni-(Cu) and hydrothermal iron oxide-copper-gold 
mineralisation (IOCG) coexist in the Ossa Morena Zone (SW Iberia), 
which lacks the conventional suite of ore deposits commonly found in 
subduction-related magmatic arc environments.  Geochronology and 
field geology evidence show that both styles of mineralisation were 
coeval with widespread metaluminous to peraluminous Variscan 
magmatism (350-330 Ma) and related with transcrustal strike-slip faults 
and pull-apart structures.  Both styles of mineralisation seem to be 
genetically related with the intrusion of a hidden large layered mafic-
ultramafic complex that was emplaced in a mid-crustal decollement 
zone.  Interaction of a primitive mantle-derived magma with 
continental crust led to assimilation of water-bearing sediments and 
fractional crystallization accompanied by high temperature-low 
pressure metamorphism and the incorporation of fluids into the melt.  
Hot hypersaline CO2-CH4-bearing brines were subsequently released 
and focused along major thrusts and strike-slip faults to produce the 
IOCG mineralisation and related albite-actinolite hydrothermal 
alteration.  Both magnetite and Cu-(Au)-rich mineralisation seem to be 
related with independent fluids, probably decoupled during complex 
immiscibility processes.  Assimilation of continental crust also led to 
the formation of sulphide magmas that were tectonically injected high 
into the crust, leading to the formation of pipe-like breccia-hosted Ni-
(Cu) ore bodies (Aguablanca).  All these processes took probably place 
as a consequence of oblique ridge- and or continent-continent collision.  
Radiogenic and stable isotopes are consistent with a deep derivation of 
hydrothermal fluids and metals but the sulphur being derived from the 
host rocks. 
The intrusion of the mafic-ultramafic layered complex is probably the 
reason for the unusual metallogeny of the area.  This is the first time 
that coexisting IOCG and nickel sulphide deposits have been 
recognized in a Phanerozoic magmatic belt, showing that orogenic 
environments can be the loci of magmatic sulphide mineralisation and 
that they may have a genetic link with IOCG mineralisation. 
 
ASSESSING POTENTIALLY AVAILABLE NITROGEN IN 
SASKATCHEWAN USING THE ILLINOIS AMINO SUGAR-N 
TEST  

TORRIE, S.J., sjt084@mail.usask.ca, PENNOCK, D.J. and 
WALLEY, F.L., Dept. of Soil Science, University of 
Saskatchewan, 51 Campus Drive, Saskatoon, SK, S7N 5A8 

Failure to obtain a strong relationship between the traditional nitrate 
test and grain yield has suggested the need for a soil test measurement 
that can more accurately predict the nitrogen (N) supplying power of a 
wide range of soils.  The Illinois amino sugar-N test, which estimates 
amino sugars as a potentially mineralizable fraction of soil organic 
matter, was performed on soils collected from a 128-point transect to 
determine if it could act as a more appropriate predictor of potentially 
available N and therefore crop yield.  Because crop uptake is not the 
only fate of mineralized N in the soil, denitrification estimates were 
also used in an attempt to quantify the available N pool.  Correlations 
and spatial analysis will be used to examine the relationships between 
the estimates of the actual available N pool (crop N uptake, 
denitrification, microbial biomass N) and the predictors of the available 
N pool (nitrate, ammonium, amino sugar-N).  This research is intended 
to determine the potential applications and limitations of the Illinois 
amino sugar-N test for agricultural production in non-level landscapes 
on the Canadian Prairies. 
 
APPLICATION OF NOAA AVHRR SATELLITE IMAGERY 
AND CLIMATIC DATA AS INDICATORS OF 
DESERTIFICATION IN CANADIAN PRAIRIES  

TOWNLEY-SMITH, L., Agriculture and Agri-Food Canada, 
1800 Hamilton Street Regina, SK, S4P 4L2, Canada, 
townleysmithl@agr.gc.ca, and DANESHFAR, B., PFRA 
Analytical Division, Agriculture and Agri-Food Canada, 960 
Carling Ave., Ottawa, ON, K1A 0C6, Canada 

Desertification has been defined as land degradation in areas with dry 
climates.  It is distinguished from drought in that the decline of 
productivity is due to an underlying change in the land rather than a 
short term reduction in precipitation.  NOAA AVHRR low resolution 
satellite imagery provides a relatively long historic data set (1987-
present) that can be used in assessing both drought and desertification 
over a wide geographic extent.  The Normalized Difference Vegetation 
Index (NDVI) is strongly related to photosynthetic biomass.  A 
preliminary analysis was conducted on 10 training sites on the 
Canadian prairies to determine a) the value of utilizing the Rainfall Use 
Efficiency (RUE, the ratio of NDVI to rainfall) in assessing land 
degradation in western Canada and b) what time periods of NDVI and 
precipitation provided the most useful method to calculate the RUE.  
Preliminary investigation of the NDVI dataset of weekly values for the 
growing season (weeks 16-36 of the year) shows that peak NDVI 
occurs in early August over much of the prairies.  As well, the more 
northerly sites had the highest and least variable NDVI values.  The 
relationship between rainfall, NDVI and desertification can be 
quantified by an equation.  Such an equation can be applied as an 
indicator of desertification and will be incorporated, with erosion risk 
and other components, into the final desertification indicator. 
 
GEOSCAPE GUIDES:  BRINGING GEOSCAPE TO ANY 
COMMUNITY  

TURNER, R.J.W., Natural Resources Canada, 101-605 Robson 
St., Vancouver, BC, bturner@nrcan.gc.ca, NOWLAN, G.S., 
Natural Resources Canada, Calgary, AB, gnowlan@nrcan.gc.ca, 
FOCHT, N., The Exploration Place, Prince George, BC 
nicola@theexplorationplace.com, and TURNER, M.C.D., School 
District 57, Mackenzie, BC, mturner@sd57.bc.ca 

The Geoscape Canada initiative of the Geological Survey of 
Canada/Natural Resources Canada involves collaboration with 
provincial geological surveys, universities, and other agencies.  It 
promotes the use of relevant local geoscience information by 
communities across Canada through the production of colourful, large-
format Geoscape posters, in both English and French versions, and 
companion web sites.  Posters for Vancouver, Fort Fraser (north-central 
BC), Victoria, Nanaimo, Whitehorse, southern Saskatchewan, Calgary, 
Toronto, Ottawa/Gatineau, Québec, and Montréal, are now available 
through GSC sales offices, and all the poster content is at 
http://geoscape.nrcan.gc.ca/.  During 2004 the Alberta Geological 
Survey released Geoscape Edmonton. Geoscape posters are currently in 
progress for Grand River basin, Ontario (Kitchener-Waterloo area), 
northern Saskatchewan, Northwest Territories, Halifax, Dawson, and St 
John's. 
A new development is the Waterscape poster series focusing on 
community water issues, looked at with a geological perspective. 
Posters have been developed for Bowen Island and the Gulf Islands, 
B.C. (see http://geoscape.nrcan.gc.ca/).  Other waterscape posters 
currently underway are the Bow River Basin (Calgary area) and the 
Okanagan Valley, B.C. 
Geoscape posters require significant geological, graphic design, and 
production expertise and resources.  These requirements have limited 
poster production to date to major Canadian communities or regions.  
But we need Geoscape to spread further than that!  So we are exploring 
a Geoscape Community Guide series that is cheap and simple to create, 
and depends largely on the expertise available in most communities.  
Guides would illustrate how individual communities depend on their 
landscape.  Where does the sand and gravel come from for locally used 
asphalt and concrete?  Where does community water come from?  
Where does sewage go?  Where does garbage go?  Where do locally 
used gasoline, natural gas, and other fuels come from?  There are local 
business people, municipal public works staff, and others in most 
communities that can answer these questions.  So the hope is that a 
geoscientist working with community members could create such a 
guide for any community.  We are currently creating guides for several 
communities in B.C. (Mackenzie, Prince George, Smithers, Terrace) 
and hope they inspire similar guides in communities across Canada.  
Who knows, in a decade we could have a hundred or more out there.  
Wouldn’t that bring geoscience to Canadians! 
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MEGAFLORA OF THE UPPER CARBONIFEROUS 
CUMBERLAND GROUP, JOGGINS AREA, NOVA SCOTIA 
AND NEW BRUNSWICK  

UTTING, J., Natural Resources Canada, Geological Survey of 
Canada (Calgary), AB, T2L 2A7, JUtting@NRCan.gc.ca, and 
WAGNER, R.H., Jardin Botánico de Córdoba, Córdoba, Spain 

Megafloral remains from Upper Carboniferous rocks at, and in the 
vicinity of, the Joggins section have been re-identified from several 
collections, including those of the Geological Survey of Canada studied 
by W.A. Bell for his classic memoirs published approximately sixty 
years ago.  Most of the species described as special for Nova Scotia 
have proven to be assignable to previously known taxa, thus 
emphasising the strong resemblance with coeval floras in Europe. 
The Boss Point Formation, at the base of the Cumberland Group, is 
dominated by thick multi-storied fluviatile sand units interbedded with 
grey and lesser red mudstone.  Eight species were identified and four of 
these are regarded as extrabasinal (or "extramire"); this is consistent 
with paleotopographic characteristics of the formation.  The other four 
species are rare, but suggest a Westphalian (Langsettian) rather than 
late Namurian age. 
The overlying Joggins Formation contains both red and grey fine-
grained strata and associated coal, as well as sandstone and channel 
units.  The formation yielded approximately twenty taxa, and these 
indicate a Langsettian age.  Most significant are Neuralethopteris 
schlehanii and Karinopteris acuta. 
The Springhill Mines Formation, which may partially overlap with the 
Joggins Formation, comprises grey sideritic mudrocks with grey, 
medium grained sandstone and numerous coal seams; it is possibly late 
Langsettian. 
The “lower” Ragged Reef Formation is characterised by sandstone in 
thick multi-storied channel units interbedded with red siltstone.  
Although it contains a similar megaflora to underlying  beds, three 
species have their first appearance.  The “upper” Ragged Reef 
Formation, which comprises conglomeratic rocks with thin coal, is 
Duckmantian to early Bolsovian.  The newly identified species 
Sphenopteris coemansii is particularly significant. 
In New Brunswick the Boss Point Formation is Langsettian, as is the 
Lancaster Formation, which contains the "Fern Ledges" locality.  
However, the Tynemouth Creek Formation is either late Langsettian or 
early Duckmantian. 
 
NEW PALYNOLOGICAL DATA FROM UPPER VISÉAN, 
NAMURIAN AND WESTPHALIAN ROCKS OF JOGGINS 
AREA, NOVA SCOTIA AND NEW BRUNSWICK, CANADA  

UTTING, J., Natural Resources Canada, Geological Survey of 
Canada (Calgary), AB, T2L 2A7, JUtting@NRCan.gc.ca, GILES, 
P.S., Natural Resources Canada, Geological Survey of Canada 
(Atlantic), DOLBY, G., G. Dolby and Associates, Calgary, AB, 
and CALDER, J.H., Nova Scotia Department of Natural 
Resources, Halifax, NS 

A detailed palynostratigraphic study of the upper Viséan, and the 
dominantly terrestrial Namurian and Westphalian rocks of the Joggins 
area of Nova Scotia and New Brunswick, indicates the presence of five 
miospore zones.  These enable palynostratigraphic correlations to be 
made throughout Atlantic Canada and provide information concerning 
the age of the beds, floral province, paleoenvironments (at the site of 
plant growth and at the site of sedimentation), and paleoclimate. 
Miospores from the lower Shepody Formation are assigned to the 
Schopfipollenites acadiensis - Knoxisporites triradiatus Concurrent 
Range Zone of Brigantian (late Viséan) age and the upper Shepody and 
Claremont formations (Mabou Group) are assigned to the Grandispora 
spinosa-Ibrahimispores magnificus Concurrent Range Zone of latest 
Brigantian (latest Viséan) to Pendleian (early Namurian) age. 
There is a major palynofloral change between the Mabou and 
Cumberland groups in the Joggins section that coincides with a major 
climatic change at the Mississippian - Pennsylvanian boundary, but the 
contact between the groups is not exposed.  However, data from 
elsewhere suggest a spore zone may be absent.  The Boss Point 
Formation, and red beds of the lower Joggins Formation (at Lower 

Cove) of the Cumberland Group, contain an assemblage that lacks 
diversity and is dominated by a few taxa (Lycospora pusilla, 
Potonieisporites/Florinites complex, Schopfipollenites ellipsoides).  In 
the upper Joggins Formation, the Springhill Mines, and the lower 
Ragged Reef formations the assemblages are similar, but in addition 
contain small monolete spores.  The overlying beds at Spicer Cove, 
assigned to the “upper Ragged Reef Formation”, are of uncertain 
lithostratigraphic position due to faulting, but they contain the 
stratigraphically important hilate spore Vestispora magna. 
The ages of the Cumberland miospore assemblages, in terms of the 
British stratotypes, are problematical, and even in the British Isles, 
where biostratigraphic control is provided by marine faunas, it is not 
possible to precisely define the Namurian/Westphalian boundary.  The 
problem is exacerbated by the fact that many of the stratigraphically 
diagnostic miospores recorded in the literature for western Europe are 
lacking in Atlantic Canada.  Nevertheless there are sufficient 
similarities for approximate age ranges to be given: Boss Point 
Formation and lower Joggins Formation = Yeadonian (late Namurian) 
to early Langsettian (Westphalian A); upper Joggins Formation, 
Springhill Mines and lower Ragged Reef Formation = Langsettian to 
Duckmantian (Westphalian B); “upper Ragged Reef Formation” = late 
Duckmantian. 
 
Fe3+ CONTENT AND Ti4+ ORDERING IN AMPHIBOLES FROM 
THE KOLA SUPERDEEP BOREHOLE:  CORRELATION OF 
CRYSTAL-CHEMICAL AND MÖSSBAUER MEASUREMENTS  

UVAROVA, Y.1, muvarov@cc.umanitoba.ca, MCCAMMON, 
C.2, SOKOLOVA, E.1, HAWTHORNE, F.C.1, LOBANOV, K.V.3 
and KAZANSKY, V.I.3,  1 Geological Sciences, University of 
Manitoba, Winnipeg, MB, R3T 2N2;  2 Bayerisches Geoinstitut, 
Universitüt Bayreuth, D-95440 Bayreuth, Germany;  3 Institute of 
Geology of Ore Deposits, Petrography, Mineralogy and 
Geochemistry RAS, Moscow, 119017 Russia 

Twenty amphiboles from the Kola Superdeep Borehole, Kola 
Peninsula, Russia, have been characterized by single-crystal structure 
refinement, electron microprobe analysis and Mössbauer spectroscopy.  
Two critical issues in amphibole crystal-chemistry are (1) knowledge of 
the Fe3+ content of the crystal, and (2) the behaviour of Ti in the 
structure.  Knowledge of both of these issues is critical to obtaining 
accurate unit formulae for amphiboles.  When Ti is present in large 
quantities, it enters the structure via the substitution M(1)Ti4+ + 2 O(3)O2 
↔  M(1)(Mg,Fe2+) + 2 O(3)OH-.  However, when present in small amounts 
(< 0.20 apfu: atoms per formula unit), it has traditionally been assigned 
to the M(2) site.  Which behaviour is assumed significantly affects 
calculation of the amphibole formula as the amount of OH assigned is 
different in each case: OH = 2 - F - 2 × Ti for Ti at M(1), and OH = 2 - 
F for Ti at M(2).  Fe3+ is ordered at M(2) in non-oxidized 
undehydroxylated amphiboles, and hence the amount of Fe3+ present in 
the crystal (i.e., at this site) can be calculated from the observed <M(2)-
O> value and equations relating mean bond-length to the mean radius 
of the constituent cations.  This calculation is also very sensitive to the 
site occupancy of Ti4+ as this cation is even smaller than Fe3+.  For the 
20 amphiboles examined here, the Fe3+ contents were calculated 
assuming (1) Ti4+ at M(1) and OH = 2 - F - 2 × Ti, and (2) Ti4+ at M(2) 
and OH = 2 - F, and compared with Fe3+ contents calculated from 
Mössbauer spectroscopy and electron-microprobe analyses.  The 
agreement between the X -ray and Mössbauer/EMPA values is much 
closer for calculation (1) than for calculation (2).  This result indicates 
that (a) even when present in small amounts, Ti4+ is incorporated at 
M(1) via the substitution M(1)Ti4+ + 2 O(3)O2- ↔ M(1)(Mg,Fe2+) + 2 O(3)OH-, 
and (b) calculation of Fe3+ contents in amphiboles from refined site-
populations and <M(2)-O> distances are accurate when the behaviour 
of Ti4+ and OH are correctly described. 
 
THE VOLCANIC ARCHITECTURE OF THE IBERIAN PYRITE 
BELT:  BACK TO A MORE CLASSIC MODEL?  

VALENZUELA, A., DONAIRE, T., GONZALEZ-ROLDÁN, 
M.J. and PASCUAL, E., Universidad de Huelva, Departamento 
de Geología, Campus Universitario del Carmen. Avda, de las 
Fuerzas Armadas, s./n. 21071 Huelva, Spain 
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The Iberian Pyrite Belt (IPB) is one of the largest massive sulphide 
provinces on Earth.  It has some peculiarities, including a number of 
super-giant deposits.  In spite of the enormous volume of geological 
and mining information on the IPB, uncertainties remain regarding a 
number of problems.  Among them, fundamental aspects of the IPB 
volcanic architecture still remain poorly understood, which makes 
difficult to assess stratigraphy and chronology of rocks and mineral 
deposits. 
It has been recently proposed that magmatism in the IPB, restricted to 
the Volcano-Sedimentary Complex (VSC), would consist complete or 
mostly of reworked volcaniclastic facies and subvolcanic rocks, which 
would postdate the stratigraphic sequence.  If correct, these suggestions 
would lead to an innovative, non-volcanic model, both for geology and 
ore genesis.  However, we contend that previous volcanic models 
should not be abandoned, as this model, although attractive, does not 
account for all of the observed facts.  In particular, facies analyses are 
to be improved with more detailed work. 
As a consequence of a previous, detailed study of an area located in the 
Odiel River, to the northwest of Zalamea la Real (northern flank of 
Riotinto antiform), we established the main facies characteristics of a 
VSC section which is relevant to the stratigraphy of the central part of 
the IPB, where supergiant massive sulphides occur.  We concluded that 
both subvolcanic and volcanic rocks occurred in the area, probably 
including mass flows directly related to volcanism. 
A further study in the Odiel Area has shown complementary evidence 
suggesting that a volcanic model should be not abandoned in the IPB.  
New geochemical and petrographic evidence, shows that felsic 
volcaniclastic rocks hosting felsic subvolcanic sills are equivalent in 
chemical composition, supporting so the previous idea that the former 
are formed by collapse of a submarine dome.  We also show 
petrographic evidence of the sequence of basic and felsic rocks in time. 
We conclude that mineralization do not predate the igneous activity.  
Consequently, we favour a more classic model of volcanic architecture, 
and we suggest a tentative temporal sequence of volcanism and 
sulphide mineralization in this sector of the IPB. 
 
INDICATOR OF RISK OF WATER CONTAMINATION BY 
PHOSPHORUS DEVELOPMENT:  METHODOLOGY 
IMPROVEMENTS FOR APPLICATION AT THE NATIONAL 
SCALE  

VAN BOCHOVE, E., vanbochovee@agr.gc.ca, THÉRIAULT, 
G., DECHMI, F., LECLERC, M-L. and GOUSSARD, N.,  
Agriculture and Agri-Food Canada, Soils and Crops Research and 
Development Centre, 2560 Hochelaga Boulevard, Sainte-Foy, 
QC, G1V 2J3 

Excessive amounts of phosphorus (P) in surface fresh water contribute 
to eutrophication of rivers and lakes.  P that represents a major nutrient 
used in agricultural activities is getting more attention in Canada.  An 
indicator of risk of water contamination by phosphorus (IROWC_P) 
was developed.  The IROWC_P is designed to estimate where the risk 
of water P contamination by agriculture is high, and how this risk is 
changing over time based on the five-year period of data Census 
frequency.  IROWC_P was calculated with Census data of 1981 to 
2001 for Soil Landscape of Canada (SLC) polygons with more than 5% 
of agriculture in the province of Quebec.  Results for census data of 
2001 show that 85% of SLC agricultural polygons fell in classes risk 
low and medium risk and 15% of polygons present high risk.  General 
trends show that IROWC_P remains quite constant from 1996 to 2001.  
Nevertheless, from 1981 to 2001, manure-P production has increased 
(swine and poultry), mineral fertilizer-P application has decreased and 
P-demanding crop areas have increased (grain corn and soybean).  
Unfortunately, the degree of soil P saturation was biased by the lack of 
recent soil-P data. 
This paper also presents an improved version of IROWC_P (expected 
release in 2008) that will be extended to all watersheds and SLC 
agricultural polygons.  There are three objectives:  Create a soil 
phosphorus saturation database for dominant and sub-dominant soil 
series of SLC polygons.  Calculate an annual P balance considering 
crop residue P, manure P, and inorganic fertilizer P - agricultural and 
manure management practices will also be considered.  Develop a 

transport-hydrology component including P transport estimation by 
runoff mechanisms (surface and subsurface runoff) and soil erosion, 
and the area connectivity to water (topographic index, artificial 
drainage, soil macropores, and surface water bodies). 
 
EARTH SCIENCE IN THE CLASSROOM:  A LAB SECTION 
FOR EDUCATION STUDENTS IN AN INTRODUCTORY 
EARTH SYSTEMS COURSE  

VAN DER FLIER-KELLER, E., PYLE, L. and BLADES, D., 
School of Earth and Ocean Sciences, University of Victoria, 
Victoria, BC, V8W 3P6, fkeller@uvic.ca 

A unique project is currently underway to develop a specialized lab 
section for Education students taking “Introduction to the Earth System 
II” at the University of Victoria.  The promotion and improvement of 
science literacy in our schools is based on skilled, confident and 
enthusiastic teachers who have the resources and knowledge to engage 
children in science.  Based on the successful EdGEO model, the goal of 
this project is to provide resources and hands-on activity ideas to 
Education students, so that they will start their teaching careers 
equipped to successfully teach Earth Science in our schools. 
This new cross faculty initiative brings together the Faculty of 
Education, the Faculty of Science (School of Earth and Ocean 
Sciences), the University of Victoria Learning and Teaching Centre, 
and the Centre for Excellence in Teaching and Understanding Science.  
While based on the same earth science content as the existing labs in 
the course, the Education lab section will use demonstrations, and 
interactive, hands-on activities and teaching methods that are 
transferable to the Kindergarten to Grade 12 classroom environment.  
Student teachers will, over the ten weeks of labs, build a practical 
teaching portfolio and resource pack for future use in their classrooms.  
Lab topics and linked activities will be widely applicable to the 
prescribed learning outcomes (PLO’s) of British Columbia’s science 
curriculum and will include many activities used in past EdGEO 
workshops.  Resources provided to each student teacher will include 
rock, mineral and fossil kits, a mineral identification kit, relevant digital 
images from each lab, a wide variety of maps, posters, and books, as 
well as activity blacklines and website lists.  Two labs will be aimed at 
teaching basic field methods, including how to plan and run a field trip.  
A pilot lab section will run in Fall 2005.  Pre and post-course 
evaluations of participant attitudes to, and perceptions of, earth science 
will be conducted as part of a longitudinal study of cohorts of students 
through their practicums and into their teaching careers. 
 
ORDOVICIAN-DEVONIAN ACCRETION OF GANDERIA, 
AVALONIA AND MEGUMA TO LAURENTIA IN THE 
NORTHERN APPALACHIANS  

VAN STAAL, C.R.1, cvanstaa@nrcan.gc.ca, VALVERDE-
VAQUERO, P.2, MCNICOLL, V.1, ROGERS, N.1 and 
ZAGOREVSKI, A.3,  1 Geological Survey of Canada, 601 Booth 
Street, Ottawa, ON, K1A 0E8;  2 Instituto Geológico y Minero de 
España, La Calera 1, Tres Cantos, Madrid, Spain;  3 Ottawa-
Carleton Geoscience Centre, Department of Earth Sciences, 
University of Ottawa, 140 Louis Pasteur, Ottawa, ON, K1N 6N5 

Geological evidence indicates that Ganderia, Avalonia and Meguma 
were three independent Gondwanan terranes, each of which exhibit 
distinct Early Palaeozoic geology and tectonic evolution, although they 
have, at least in part, similar arc-dominated Neoproterozoic basements.  
In Ganderia, Middle Cambrian to lower Arenig arenites and shales 
disconformably overlie a Neoproterozoic to Lower Cambrian arc 
sequence.  The complex deformation history of Ganderia includes 
Early Cambrian syn-arc compression and Tremadoc ophiolite 
obduction, which is followed by Middle Ordovician arc-rifting and the 
opening of the Tetagouche – Exploits back-arc basin (TEB).  In 
western Avalonia, on the other hand, the shale-dominated Lower 
Cambrian to Ordovician strata indicate a relatively stable platform that 
although was locally affected by strike-slip faulting, generally did not 
see serious tectonism until the end of the Silurian.  Meguma has a 
different Early Palaeozoic provenance than Avalonia, faced an ocean to 
the northwest and did not rift off Gondwana until at the earliest 445 
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Ma.  As Avalonia had likely rifted-off Gondwana by at least by 470 
Ma, it follows these two terranes were also separated. 
The Late Ordovician accretion of the ensialic Popelogan – Victoria Arc 
to Laurentia along the Red Indian Line signals the closure of the main 
Iapetan tract and the arrival of the leading edge of Ganderia to 
Laurentia.  The closure of the TEB by the end of the Early Silurian 
resulted in the remainder of Ganderia firmly accreted to Laurentia and 
induced the Salinic Orogeny.  During accretion of the various parts of 
Ganderia to Laurentia, a short-lived Silurian arc – back-arc basin 
system was built on its trailing edge due to convergence with Avalonia 
by oblique closure of the narrow oceanic seaway that separated them.  
The Late Silurian inversion of the back-arc basin (Mascarene – La 
Poile basin) at c. 421 Ma is considered to mark the beginning of the 
Acadian Orogeny (the Avalonia – Laurentia collision event), which 
coincides with development of a foreland basin in the Arisaig area of 
Avalonia.  Peak Acadian metamorphism and deformation took place 
between 418 and 408 Ma.  Meguma was accreted to Laurentia in the 
late Early Devonian (c. 395 Ma), although fossils and other data 
indicate it was already close to Avalonia during the Silurian.  Final 
docking was highly oblique and may have been responsible for the 
Middle to Late Devonian (Neoacadian) deformation of Laurentia’s 
hinterland. 
 
LATE ORDOVICIAN TO SILURIAN ARC AND BACK-ARC 
SEQUENCES, SOUTHWESTERN NEW BRUNSWICK AND 
EASTERN MAINE  

VAN WAGONER, N.A., Department of Geology, Acadia 
University, Wolfville, NS, B4P 2R6, 
nancy.vanwagoner@acadiau.ca, MCLEOD, M., New Brunswick 
Department of Natural Resources, Geological Surveys Branch, 
P.O. Box 5040, Sussex, NB, E4E 5L2, DADD, K.A., Macquarie 
University, ARC National Key Centre for Geochemical Evolution 
and Metallogeny of the Continents, Department of Earth and 
Planetary Sciences, Sydney, Australia, and LEYBOURNE, M., 
Department of Geology, Department of Geosciences, University 
of Texas at Dallas, Box 830688, Richardson, TX 75083-0688 

The belt of Late Ordovician to Silurian volcano-sedimentary sequences 
of southwestern New Brunswick and eastern Maine comprises several 
lithotectonic blocks, or subbelts.  From northwest to southeast these 
subbelts are the Oak Bay (OBSB), Passamaquoddy Bay (PBSB), 
Mascarene (MSB) and Kingston (KSB) subbelts. The Nerepis subbelt 
(NSB) is along strike to the northeast of the PBSB and the MSB.  
Attempts to correlate rocks across the belt and to establish unifying 
tectonic models have been hampered by differences in 
lithological/structural features between subbelts, structural complexity, 
paucity of age dates, an incomplete geochemical database and limited 
outcrop in places. Recent mapping programs, isotopic ages, 
geochemical data and stratigraphic correlations allow new 
interpretations of this ancient arc and back arc as it evolved throughout 
the Late Ordovician and Silurian. 
The oldest rocks of the belt are in the Mascarene and Kingston 
subbelts. These rocks are Late Ordovician to Early Silurian in age (Late 
Caradocian or Ashgillian to mid Llandoverian), and are relatively 
highly deformed in comparison with younger sequences in the belt.  
Volcanism is characterized by episodic, continental arc-type 
magmatism that changes in composition from mafic and intermediate, 
to intermediate and felsic up section.  By Late Llandovery time, mafic 
to intermediate volcanism predominates in the MSB, KSB, and NSB, 
and is characterized by rocks with mixed arc, MORB and marginal 
basin chemical affinity. 
The Passamaquoddy Bay and the Oak Bay subbelts are about the same 
isotopic age.  The last vestige of arc volcanism may be represented by 
the subaqueous pyroclastic units of the OBSB.  The PBSB is exposed 
in discontinuous outcrops extending from southwestern New 
Brunswick and south along the coast of Maine, and comprises several 
deep-water to subaerial volcanic and sedimentary formations.  Volcanic 
rocks are primarily bimodal, exhibit within-plate geochemical 
signatures, and are characterized by varying styles of volcanism.  These 
rocks are interpreted to represent an extensive zone of within-plate 
extension perhaps in a back-arc basin.  Volcanism of the PBSB began 
shortly after and along with the arc-related volcanism of the KSB, 

MSB, and NSB, but continued to much younger ages, persisting into 
the Late Silurian. 
The Silurian evolution of arc and back-arc sequences in this part of the 
Appalachians, is complex.  Nevertheless, this information in 
conjunction with other studies allows for a paleogeographic 
reconstruction with interpretations regarding magma production and 
evolution, showing arc-type volcanism that migrates in space and time, 
and its relationship to volcanism associated with extension. 
 
GEOSCIENCE AS AN ESSENTIAL PEDAGOGY FOR 
INSTILLING 21ST CENTURY SKILLS  

VAN WAGONER, N.A., Department of Geology, Acadia 
University, Wolfville, NS, Canada, B4P 2R6, 
nancy.vanwagoner@acadiau.ca 

Advocates of the study of the geosciences view it as an essential course 
of study for science literacy.  The geosciences provide 
multidisciplinary education, covering diverse areas of science and 
society, are essential to a basic understanding of Earth, and provide a 
foundation for dealing with complex environmental issues.  As well, 
the learning of geoscience, as a process, develops the skills that have 
been identified as essential in the evolving world of the 21st century.  
The teaching of geoscience, exemplifies the pedagogical practices that 
allow for the development of these skills and, as such, should be 
considered as a model for other programs of study.  This paper explores 
those skills and how they are achieved through the study of the earth 
sciences. 
Recent studies have identified that an important challenge of 21st 
century education is to teach students to thrive on chaos and 
uncertainty, be adaptable and manage complexity, and be able to make 
decisions given incomplete information and uncertain goals.  In support 
of this it is important for students to develop inventive and creative 
thinking skills, curiosity and imagination.  Because of the explosion of 
information and improved electronic access to a variety of information, 
it is important for students to develop filtering and synthesis skills.  
Workplaces are collaborative environments and increasingly 
international. Students need to learn to work with a team, and 
appreciate and respect cultural diversity.  Developing effective 
communication skills is essential, along with the ability to plan and 
manage projects.  A further challenge is to nurture these skills while 
encouraging initiative. 
The study of the geosciences fosters all of these skills.  Geoscience is 
fundamentally a problem-, and project-based study, which develops 
creative and critical thinking through field and laboratory experiences.  
Geoscience presents complex, multivariate problems, with many 
unknown variables.  Students learn to make decisions based on 
incomplete information and become comfortable with uncertainty.  
Field and lab experiences teach project management, adaptability, and 
comfort with contingencies, along with creative problem solving skills 
and the imagination to visualize processes through indirect evidence.  
Geoscience students routinely work in teams, learn about the world, 
and anticipate that their future will be in the international arena.  These 
few examples, and the success of geoscience graduates in a variety of 
walks of life supports the notion that the geosciences should be 
promoted as an essential pedagogy for instilling the skills of the 21st 
century. 
 
COMPARATIVE VOLCANOLOGY OF THE SILURIAN 
PASSAMAQUODDY BAY SUBBELT, MAINE AND NEW 
BRUNSWICK:  IMPLICATIONS FOR CORRELATION AND 
VOLCANIC SETTING  

VAN WAGONER, N.A., nancy.vanwagoner@acadiau.ca, Lodge, 
R.W.D., Department of Geology, Acadia University, Wolfville, 
NS, Canada, B4P 2R6, and DADD, K.A., Macquarie University, 
ARC National Key Centre for Geochemical Evolution and 
Metallogeny of the Continents, Department of Earth and 
Planetary Sciences, Sydney, Australia, NSW 2109 

The Coastal Volcanic Belt of southwestern New Brunswick and coastal 
Maine comprises five volcanic and sedimentary subbelts ranging in age 
from Late Ordovician to Silurian.  The volcanology and geochronology 
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of each of these subbelts is important to unraveling the tectonic history 
of this portion of the Appalachians, and to understanding similar 
modern volcanic settings.  The Silurian Passamaquoddy Bay subbelt 
(PBSB) is exposed in southwestern New Brunswick and eastern Maine, 
and comprises rocks deposited in an extensional tectonic setting.  This 
study compares the volcanology of the Eastport Formation of the PBSB 
on either side of the Oak Bay Fault, which separates the New 
Brunswick and Maine sections of the formation and elaborates on 
implications for correlation and volcanic setting. 
The New Brunswick portion of the PBSB is a 4 km thick sequence of 
the Eastport Formation and comprises four cycles of subalkaline 
basaltic and rhyolitic volcanism.  The basaltic rocks are interpreted to 
be mantle melts modified by crustal contamination and mantle 
metasomatism from a previous subduction event.  The rhyolitic rocks 
are crustal melts, modified by crystal fractionation.  Analysis of 7 
facies associations and 19 facies indicates that the sequence remained 
mostly at or near sea level, although alluvial facies dominate in parts of 
the middle and upper cycles.  Effusive volcanism dominates over 
explosive volcanism, and rhyolitic volcanism dominates over mafic in 
all but the final cycle that records the waning stages of volcanism.  
Most of the explosive volcanism was driven by magmatic volatiles.  
There are three periods of relative volcanic quiescence and each is 
associated with a relative rise in sea level, possibly as a combined 
response to deflation, crustal relaxation, and a decrease in the 
sedimentation rate. 
Exposures of the Eastport Formation in the Eastport area of Maine 
differ from the New Brunswick section in that the rocks are more 
alkalic in composition, and are predominately basalts and basaltic 
andesites.  Phreatic and phreatomagmatic mafic deposits are common 
and may be related to maar-type volcanism.  Mafic flows are thick, 
commonly aa flows, and show evidence for interaction with external 
water and wet sediment. 
Although the Maine and New Brunswick sections are similar in 
isotopic age and depositional environment (shallow water to subaerial), 
they differ in style and chemistry of volcanism possibly due to such 
factors as crustal variations, and variations in magma supply and 
chemistry, relationship to arc volcanism, effusive rate, and access to 
external water. 
 
ASSESSMENT OF VARIABILITY OF SOIL ORGANIC 
CARBON STORAGE IN CANADIAN MICROSITES  

VANDENBYGAART, A.J., vandenbygaarta@agr.gc.ca, 
GREGORICH, E.G., Eastern Cereal and Oilseed Research 
Centre, 960 Carling Ave. Ottawa, ON, K1A 0C6, ANGERS, 
D.A., Soils and Crops Research and Development Centre, 
Agriculture and Agri-Food Canada, Sainte-Foy, QC, G1V 2J3, 
and MCCONKEY, B., AAFC-AAC, 1 Airport Rd, PO Box 1030 
Swift Current, SK, S9H 3X2 

The determination of temporal change is soil organic carbon (SOC) 
stocks is often very difficult mainly due to the fact that the expected 
temporal changes in SOC are small relative to larger background SOC 
levels.  As such the feasibility of sampling for SOC change is a 
constant consideration, and there is a need to assess sampling 
techniques which aim to balance the time and cost with the intensity of 
sampling.  The objective of this study was to assess the lateral and 
vertical variability of SOC in several soil profiles of Canada.  These 
included two microsites each from agricultural land near Ste. Foy, 
Quebec, Ottawa, Ontario and Swift Current, Saskatchewan.  We carried 
out three experiments: 1) to determine if statistical power could be 
increased by sampling by genetic soil horizon relative to sampling by 
fixed depth increments; 2) to determine what the optimum number of 
increments in each core should be within the microsite, in order to 
minimize time and costs of analytical SOC determinations; and 3) to 
determine the effect of simply extracting a random sub-sample from a 
processed, dried bulk sample versus taking multiple sub-samples after 
the bulk soil sample is laid out over a surface.  Of the six microsites it 
was found that three of the sites (two in Quebec and one in 
Saskatchewan) had reduced variability in SOC stocks when the soils 
were sampled by genetic horizon; while in the remaining three sites 
there was no advantage in sampling by genetic horizon.  We also 
generally concluded that there was little advantage to taking more than 

two sample increments with depth in the cores.  We discuss the 
possible rationale for such findings based on inherent analytical and 
spatial variability in SOC concentration and soil bulk density.  These 
results have critical implications in planning benchmark designs for 
monitoring changes in SOC over several years for the purposes of 
reporting greenhouse gas emissions and sinks. 
 
LAW OF THE SEA IN CANADA AND ITS SIGNIFICANCE 
FOR BETTER UNDERSTANDING THE OFFSHORE  

VERHOEF, J., SHIMELD, J. and JACKSON, H.R., Geological 
Survey of Canada Atlantic, 1 Challenger Dr., Box 1006, 
Dartmouth, NS, B2Y 4A2, rujackso@NRcan.gc.ca 

In November of 2003 Canada ratified the International Convention on 
the Law of the Sea (UNCLOS).  Article 76 of UNCLOS specifies how 
a country with wide continental margins can extend its jurisdiction 
beyond 200 nautical miles.  On the Atlantic and Arctic margins of 
Canada the possibility of increasing the territory by the size of the three 
prairie provinces exists.  Adjacent the coast line, a country has 
jurisdiction over the air, water, seafloor and below the seabed.  With 
increasing distance the rights are reduced.  Up to the maximum limit a 
country gains control over the mineral and biological resources of the 
seabed and jurisdiction in matters related to the environment and 
conservation. 
The parameters for extending the continental margin are defined in 
terms of bathymetry and geology.  In September of 2004 the sum of 
$70 million was allocated to the Departments of Natural Resources and 
Fisheries and Oceans to obtain the data and prepare the claim.  The 
claim must be submitted within ten years of ratification (November 
2013).  Activities are underway on the Canadian Arctic and Atlantic 
margins; for example, a compilation of the available data is being 
assembled.  In the Arctic Ocean sea ice restricts operations, so that a 
specialized logistic effort is required to collect new data to meet the 
guide lines provided by the Commission on the Limits of the 
Continental Shelf.  Canadian and Danish claims abut over the 
Lomonosov Ridge and a joint project is planned for the Spring of 2006 
to determine if the Lomonosov Ridge meets the Test of Appurtenance.  
Logistics, costs and data will be shared.  A summary of the planned 
experiment will be given.  On the Atlantic coast the operations are 
logistically simpler but perhaps scientifically more complex.  Much of 
the seismic and hydrographic survey work will be contracted out.  
Swath bathymetry and multichannel seismic reflection profiles will be 
acquired.  The interpretation of the data and preparation of the 
submission will be done by the team assembled to prepare the claim.  
Eventually, the data will be available to the scientific community. 
 
RESTITE IN S-TYPE GRANITES OF THE LACHLAN FOLD 
BELT, SE AUSTRALIA  

VERNON, R.H., Department of Earth and Planetary Sciences and 
National Key Centre for GEMOC, Macquarie University, Sydney, 
NSW 2109, Australia 

In order to evaluate the extent of high-level contamination in granites, 
it is necessary to determine the amount of restite or resistate present.  
Granites of the Lachlan Fold Belt (LFB) of SE Australia are the most 
consistently interpreted in terms of the “restite hypothesis.”  LFB 
resistate-rich peraluminous (S-type) “dirty” granites or diatexites 
appear to be close to their source and generally contain little or no 
mafic magmatic contaminant (e.g., no microgranitoid enclaves).  For 
example, the Cooma Granodiorite was formed by water-present partial 
melting of feldpsathic metapsammites; the magma physically 
incorporated xenoliths of metapelite-derived migmatite resistate.  The 
more abundant, high-level S-type granites (e.g., Cowra Granodiorite) 
typically contain microgranitoid enclaves (mainly peraluminous 
microtonalites), which have been interpreted as restite, though they 
have igneous microstructures and show evidence of mixing of S-type 
felsic magma with more mafic magma.  The high-level S-type granites 
also contain metasedimentary xenoliths of deep but uncertain origin; 
being mainly metapelite, they cannot be residuals (restite) from the 
melting of quartzofeldspathic rocks that produced the host granitic 
magma, but instead are probably accidental xenoliths collected from 
high-grade (amphibolite facies) metamorphic rocks above the 
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unexposed source, which probably consisted of granulite facies rocks.  
The absence of enclaves from such a source and the igneous origin of 
the microgranitoid enclaves suggest that LFB S-type granites contain 
little or no restite.  Unobserved deep sources are typical for the larger 
LFB granite plutons (e.g., the Murrumbidgee Batholith).  They may not 
be conventional migmatite complexes, but must contain abundant 
quartzofeldspathic material.  Such source terranes (possibly varieties of 
“MASH” zones) may have been heated and partly mixed with mantle-
derived mafic magma, but not enough to obliterate the S-type character 
of the resulting magma.  An example of the upper part of such a 
melting zone may be the Hidaka Metamorphic Belt, Hokkaido, Japan, 
in which S-type garnet-orthopyroxene tonalite formed by partial 
melting of granulite facies rocks intruded by mafic and ultramafic 
magma, in response to magmatic heating by mantle upwelling.  Mixing 
of this tonalite magma with small amounts of more mafic magma 
conceivably could provide suitable magmas for tonalite enclaves in the 
LFB S-type granites. 
 
THE DISTRIBUTION OF ALTERATION AND 
MINERALIZATION WITHIN THE WEST GABBRO ZONE, 
ELMTREE GOLD DEPOSIT, NORTHERN NEW BRUNSWICK:  
PRELIMINARY RESULTS  

VETTER, S., s.vetter@unb.ca, and LENTZ, D.R., University of 
New Brunswick, Dept. of Geology, 2 Bailey Drive, PO Box 4400, 
Fredericton, NB, E3B 5A3 

The Elmtree gold deposit, comprising the Discovery and West Gabbro 
zones, is located approximately 23 km northwest of Bathurst in the 
Elmtree ophiolitic Inlier.  Approximately 245 m east of the West 
Gabbro Zone is the Discovery Zone.  This small gold deposit is 
surrounded by deformed slates, greywacke, and conglomerate of the 
Early to Middle Ordovician Elmtree Group.  The West Gabbro Zone is 
hosted by a zoned metagabbro that is 3 to 40 m thick, 460 m long, and 
extends to a depth of at least 250 m.  In the field and drill cores, a fine-
grained ophitic metagabbro occurs at the margins and grades into a 
medium-grained subophitic and a coarse-grained metagabbro in the 
center.  This metagabbro discordantly intrudes deformed melange 
typified by black graphitic and grey partly cherty argillites and slates. 
Gold mineralization occurs within predominantly dextral, east-west-
trending, subvertical ductile to brittle shear zones that cut the 
metagabbro.  Two different shear zones exhibit alteration and 
mineralization associated with the strongest shear fabric (high strain) in 
the metagabbro.  Adjacent to these shear zones, the rocks are 
hydrothermally altered to a greenish grey phyllosilicate assemblage 
(distal).  This assemblage is locally silicificied and overprinted by 
carbonatization in proximity to shear-hosted, sulfide-bearing carbonate-
quartz veins (< 30 cm wide).  Near the thicker veins, the coarse-grained 
altered anorthositic gabbro contain more disseminated sulfides than 
their unaltered or fine-grained equivalents and silicified zones contain 
arsenopyite, pyrrhotite, pyrite, chalcopyrite, and gold (native and 
refractory).  Gold mineralization is associated with and within the 
sulfides especially with the arsenopyrite, pyrite, and pyrrhotite.  Gold 
values up to 23.8 g/t and Ag up to 555 g/t have been reported.  It seems 
that the higher gold values in the rocks are connected to high As 
contents.  Another positive correlation between the gold and Si, Fe and 
Na appear in former analyses.  In contrast Mg and Ca show a negative 
correlation.  The objective of this study is to discern the origin of the 
hydrothermal fluids and to determine the principal controls of gold 
mineralization in relationship to the tectonic evolution of the sequence. 
 
SATURATION AND VALUE MODULATION:  A NEW 
METHOD FOR INTEGRATING COLOUR AND GREY-SCALE 
IMAGERY  

VILJOEN, D., HARRIS, J.R., and DE KEMP, E., Geological 
Survey of Canada, Ottawa, Ontario, K1A 0E9, Canada, 
viljoen@nrcan.gc.ca 

Many techniques have been developed over the years to integrate 
colour and grey-scale imagery.  Examples of this integration include 
colour digital elevation models with shaded relief, rasterized geology 
with shaded aeromagnetics, and colour composite satellite imagery 
with higher resolution radar. 

Some techniques for integrating this data involve transforming the data 
from the Red, Green, Blue (RGB) to Hue, Saturation, Value (HSV) or 
Intensity, Hue, Saturation (IHS) colour models, replacing or 
modulating the Value (Intensity) component with the grey-scale 
imagery, and then transforming back to RGB for final output.  Other 
techniques entail manipulation of the RGB components with the values 
in the grey-scale imagery.  Side effects of these techniques include hue 
rotation or undesirable changes in the value colour component.  The 
result is an integrated image that has colour that can be quite different 
from the original colour map. 
Some software now provides an option to control the transparency of 
map layers on the computer display so integrating colour and grey-
scale imagery is easier, more interactive, and does not involve the 
creation of new data.  However, it is impossible to retain the vibrancy 
of the original colour images. 
This talk will describe the SatValMod technique and compare it to the 
other techniques with examples from the Geological Survey of 
Canada's Remote Predictive Mapping Project. 
 
CONTRASTING GROUP I AND GROUP II ECLOGITE 
COMPOSITIONS:  IMPLICATIONS FOR ECLOGITIC 
DIAMOND GENESIS  

VILJOEN, K.S., GeoScience Centre, De Beers Consolidated 
Mines, PO Box 82232, Southdale, 2135, South Africa, 
fanus.viljoen@debeersgroup.com; and SCHULZE, D.J., 
Department of Geology, University of Toronto, Erindale College, 
Mississauga, ON, L5L 1C6 

In the eclogite classification schemes of MacGregor and Carter (1970) 
and McCandless and Gurney (1989), Group I eclogite (in which 
subhedral or rounded garnets are set in an interstitial matrix of 
clinopyroxene) contains >0.09 wt% Na2O (gnt) and >0.08 wt% K2O 
(cpx), while Group II eclogite (with anhedral, straight-edged garnet and 
pyroxene in an interlocking fabric) contains lower concentrations of 
Na2O (gnt) and K2O (cpx).  Diamond is confined to eclogites with 
Group I textural characteristics while graphite occurs in both textural 
types (Robinson et al., 1984); this is also reflected in the chemistry of 
eclogitic mineral inclusions in diamond (Gurney, 1991). 
In the case of the Kaalvallei kimberlite in South Africa two 
compositionally distinct suites of eclogite are recognised.  A 
compositional trend of MgO and FeO enrichment corresponds to Group 
I eclogite while a trend of CaO enrichment is observed in the case of 
Group II.  Diamond is restricted to the Fe-enriched Group I suite while 
a single graphite-bearing specimen is of the Group II variety (Schulze 
et al., 1997).  In the case of the Orapa kimberlite in Botswana diamond 
is restricted to the Group I eclogites while graphite may occur in both 
xenolith varieties.  In this instance the Group I eclogites are 
characterised by diverse compositional trends which include both Fe-
enriched as well as Ca-enriched varieties.  Group II eclogites at Orapa 
are magnesian and may have a petrogenetic link to garnet-websterite 
xenoliths.  The observed compositional diversity of eclogite xenoliths 
at these two localities (as well as at many other kimberlites on the 
Kaapvaal Craton) are considered to reflect multiple protolith 
compositions involved in the petrogenesis of eclogite and the 
crystallisation of eclogitic diamonds.  Group I and Group II eclogite are 
probably stored at different depths in the lithosphere, with diamond-
bearing Group I specimens derived from within the diamond-stability 
field and graphite-bearing Group II eclogites derived from shallower 
levels of the mantle.  The presence of graphite in Group I eclogites 
(often in association with diamond in the same xenoliths) suggests that 
the graphite is present as a metastable phase.  This may be a 
consequence of crystallisation in a rapidly cooling protolith which was 
originally in a partially or completely molten state. 
 
3-D TRANSECT THROUGH A PLIOCENE FLUVIAL-
ESTUARINE CHANNEL COMPLEX - APPLICATION TO 
SUBSURFACE FIELD DEVELOPMENT AND LINKED 
DEPOSITIONAL SYSTEMS, TRINIDAD  

VINCENT, H., hvincent@dal.ca, and WACH, G., 
grant.wach@dal.ca, Dalhousie University, Halifax, NS, B3H 4J1 
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The Pliocene stratigraphy of Trinidad has served as an important 
hydrocarbon reservoir target since the early 20th century in southwest 
onshore Trinidad and over the past 30 years in the offshore Columbus 
Basin.  Recent offshore discoveries have benefited from the application 
of 3D seismic, sequence stratigraphy and reservoir modelling 
techniques that have not been applied to older onshore fields. 
Coastal outcrop transects in the Springvale and Morne L’Enfer 
formations show a transition from tide dominated to fluvial 
environments and this linkage is apparent in the Stollmeyer oil sand 
quarry.  Exposures within the quarry provided an unparalleled 
opportunity to directly examine the 3-D architecture of a fluvial-
estuarine channel complex within these Pliocene sediments.  Channel 
dimensions, facies, net to gross, and reservoir heterogeneity data have 
been collected for input into reservoir models.  The measured 
dimensions also serve as a direct analogue for subsurface well log 
correlations in the absence of 3-D seismic data. 
The Stollmeyer quarry channel complex may have served as a major 
sediment conduit to the Columbus basin where more than 4500 metres 
of Plio-Pleistocene deltaic, shoreface and shelfal sediments have 
accumulated.  The output of this study is the first stage in an attempt to 
examine such a hypothesis and examine the linkage between tested 
sequence stratigraphic models offshore east coast.  Ultimately, it is 
desired to extend modern approaches to reservoir development to 
Pliocene fields onshore Trinidad. 
 
PAUL EDWARD SCHENK (1937 – 2000):  A TRIBUTE TO A 
SEDIMENTARY LIFE WELL SPENT  

VON BITTER, P.H., Royal Ontario Museum and University of 
Toronto, ON, M5S 2C6, peterv@rom.on.ca 

Paul Edward Schenk was a scientific innovator, with a passion for life, 
and impressive love and energy for the discovery and application of 
new ideas.  Early on, in his Ph.D. (Wisconsin, 1963) on Pennsylvanian 
cyclothems of the midcontinent U.S.A., he interpreted that core black 
shales represented deepest, rather than shallowest, water deposition, an 
interpretation at odds with conventional wisdom in 1967.  Some of his 
earliest work in Atlantic Canada was on the lowest Mississippian 
marine carbonate, the Macumber Formation.  He applied the then-latest 
sedimentary models to this unit, concluding that these laminitic, 
peloidal carbonates were closely comparable to the shallow-water 
sabkha deposits of the Persian Gulf.  In 1967, he was the first to 
suggest that the evenly-bedded Macumber Formation carbonates of 
southern New Brunswick had carbonate mound or biohermal facies 
equivalents, today’s Gays River and Parleeville formations. 
Paul’s other life-long passion was the sedimentologically difficult 
Cambro-Ordovician Meguma Group of southern Nova Scotia.  By 
applying the then-new concepts of plate tectonics and using sediment 
dispersal to study these turbidite deposits, he demonstrated in 1971 and 
subsequently that Nova Scotia and Morocco had rather a lot in 
common, and that Nova Scotia was really a ‘chip off the old block’ (of 
Africa).  It was this early insight and courage of convictions that earned 
him both recognition and honour, as well as the affectionate name ‘Mr. 
Megu’. 
In the 1980s, Paul revisited the Mississippian basal laminites to 
challenge his own hard-won earlier conclusions.  By applying models 
not available twenty years before, Paul and co-authors concluded that 
the basal laminites of Atlantic Canada were the result of deeper-water, 
bacterial precipitation, and that their biohermal mound equivalents 
grew at deeper-water vents and/or seeps by bacterial chemosynthesis.  
In the late 1990s, even as his health was declining, Paul – rather than 
cutting back – developed new interests and insights, resulting in a 2001 
publication on carbonate mudflows and other indicators of excess pore-
fluid pressure in the Macumber Formation. 
On the faculty of Dalhousie University’s Earth Sciences Department 
for thirty-four years, including seven as Chairman, Paul was widely 
admired by students and colleagues as an energetic and stimulating 
teacher, and a consensus-building leader.  He was also an ‘out-of the 
box’ thinker and was great fun;  privately, his passion and joy was his 
family, his Airedale terriers, sailing on his Nonsuch, and playing violin 
in a quartet.  Paul died five years ago this spring, after a lengthy and 
courageous battle with ALS. 

 
BACTERIAL SMOKING GUNS: BACTERIAL CARBONATE 
PRODUCTS IN 330 M.Y.O. (MISSISSIPPIAN) 
HYDROTHERMAL VENTS AND SEEPS OF THE LOWEST 
WINDSOR AND CODROY GROUPS, MARITIMES BASIN, 
ATLANTIC CANADA  

VON BITTER, P.H, Royal Ontario Museum and University of 
Toronto, Toronto, ON, M5S 2C6, peterv@rom.on.ca, SCHENK, 
P.E. [deceased], Dalhousie University, Halifax, NS, B3H 3J5, 
MATSUMOTO, R., University of Tokyo, Hongo, Tokyo, JP, 
MORRIS, P.A., University of Houston - Downtown, Houston, 
TX, 77002, and SCOTT, S.D., University of Toronto, Toronto, 
ON, M5S 1A1 

Bacterial carbonate products and structures were precipitated at and 
around sites of active venting 330 million years ago, during the initial 
Mississippian transgression into eastern Canada.  The latter event 
deposited the carbonate mound facies of the Big Cove Formation 
(Codroy Group) of western Newfoundland, the Gays River Formation 
(Windsor Group) of Nova Scotia and the Gays River and Parleeville 
formations (Windsor Group) of southern New Brunswick.  Microscopic 
bacterial peloids are common within the mound carbonates; however, 
the most visible megascopic evidence of bacterial in these stratigraphic 
units is so-called 'oatmeal', light-coloured, precipitated carbonate set in 
a darker sediment matrix.  Almost as common as 'oatmeal', is layered 
carbonate that encrusts mound-dwelling brachipods and other 
organisms, and that often forms rounded botryoidal and reniform 
structures; the latter show internal thinolite-like crystal 'ghosts' at a 
single locality in southwestern Newfoundland.  Amongst the more 
unusual bacterial carbonate products in the carbonate mounds are 4-5 
cm long bacterial filaments attached to vestimentiferan tubes; the 
united bacterial filaments form larger, up to 12 cm high, fan-shaped 
microbial 'thickets'. 
Simultaneous with higher-energy venting at hydrothermal vents, 
bacterial mats supported by passive seeps covered vast Mississippian 
marine plains of the Maritimes Basin.  The bacterial mats growing in 
these quieter-water settings, away from sites of active venting, resulted 
in the precipitation of the laminitic carbonates of the Macumber and 
Ship Cove formations of the Windsor and Codroy groups, respectively.  
These laminites comprise thick, laterally extensive bacterial carbonates, 
characterized both by their characteristic planar laminations, as well as 
by their abundant, bacterially-precipitated, microscopic peloids.  
Occasionally, as at several remarkable localities on Cape Breton Island, 
Nova Scotia, bacterial mats 'fed' by subaqueous seeps and/or springs 
covered igneous Precambrian topographic highs, and 'climbed' that 
topography.  The combination of bacterial mats, a presumed underlying 
chemical 'food' source for 'feeding' those mats, and pronounced 
topography, led to very unusual, steeply inclined, laminitic carbonates.  
The inclined, carbonate-precipitating, bacterial mats, presumably 
reacting to gravity, formed abundant, well-sorted, elongate structures 
that resemble water filled balloons and that average 35 cm in length 
and 15 cm in width. 
 
MAJOR CYCLES IN THE WINDSOR AND CODROY GROUPS 
OF ATLANTIC CANADA AND THEIR CORRELATION WITH 
THE MISSISSIPPIAN STAGES OF BRITAIN AND IRELAND  

VON BITTER, P.H., Royal Ontario Museum and University of 
Toronto, Toronto, ON, M5S 2C6, peterv@rom.on.ca, GILES, 
P.S., Natural Resources Canada, Dartmouth, NS, B2Y 4A2, and 
UTTING, J., Natural Resources Canada, Calgary, AB, T2L 1A7 

The up to 3000 m thick Windsor and Codroy groups of Atlantic Canada 
contain marine evaporites and carbonates, but are locally dominated by 
nonmarine to marginal-marine clastics.  They consist of five major 
depositional cycles that correlate with Mississippian Stages of Britain 
and Ireland; they also record up to thirty discrete transgressive-
regressive events, five of which define major cycle boundaries.  
Microfaunal and palynofloral changes often coincide with these 
boundaries. 
The Diplognathodus conodont Zone of basal Cycle 1 is presently only 
useful for correlation within Atlantic Canada; however, equivocal 
Gnathodus girtyi occurrences in Cycle 1 of western Newfoundland 
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suggest a maximum possible age of middle Asbian, or slightly older 
(late Viséan).  Previous, weakly substantiated assignment of Cycle 1 to 
foraminiferal Zone 15, or possibly 14 (Holkerian to Asbian), is also 
consistent with a late Viséan age for Cycle 1; however, miospores 
similar to those of the Lycospora pusilla Zone of western Europe, and 
certain foraminifera, suggest Cycle 1 may be as old as Chadian to 
Arundian (early to middle Viséan). 
The lowest unequivocal occurrence of the conodont Gnathodus girtyi 
and the earliest occurrence of G. bilineatus in lower Cycle 2, and the 
first appearance of the foraminifera Eoendothyranopsis, Climmacamina 
and bilaminar Palaeotextularia, as well as previous determinations of 
Cycle 2 foraminiferal assemblages as Zone 15, together suggest that 
lower Cycle 2 is mid-Asbian; the appearance of the miospore 
Knoxisporites stephanephorus suggests a correlation of lower Cycle 2 
with the latest Arundian to earliest Asbian, based on its first appearance 
in Britain and Ireland.  Thus, the oldest probable age of Cycle 2 is latest 
Arundian to mid - Asbian. 
The first appearance in basal Cycle 3 of the conodont Vogelgnathus 
postcampbelli, the foraminifera Asteroarchaediscus, and the 
Schopfipollenites acadiensis-Knoxisporites triradiatus miospore 
assemblage as well as specific macrofauna, all support assignment of 
Cycle 3 to the earliest Brigantian.  The presence of asteroarchaedisciids 
in Cycle 4 supports an interpreted age of Brigantian, or younger, for 
that cycle; previous assessment of foraminiferal populations in Cycle 4 
strata assigned them to the late Viséan (Zone 16sup).  We suggest that 
the base of Cycle 3 marks the Asbian-Brigantian boundary. 
Abundant, well-preserved Cycle 5 foraminifera, formerly believed to 
be Namurian, are here regarded as latest Brigantian.  If the limited 
rugose coral fauna in basal Cycle 5 proves to be a diagnostic 
Serpukhovian fauna, then the miospore Ibrahimispores magnificus may 
be a chronostratigraphically significant indicator of the Pendleian (early 
Namurian) Stage. 
 
ROLE OF EVAPORITE WITHDRAWAL IN THE 
PRESERVATION OF A UNIQUE COAL-BEARING 
SUCCESSION:  PENNSYLVANIAN JOGGINS FORMATION, 
NOVA SCOTIA  

WALDRON, J.W.F., Dept. of Earth and Atmospheric Sciences, 
ESB 1-26, University of Alberta, Edmonton, AB, T6G 2E3, 
john.waldron@ualberta.ca, and RYGEL, M.C., Department of 
Earth Sciences, Dalhousie University, Halifax, NS, B3H 3J5 

The Langsettian Joggins Formation is preferentially preserved in the 
Athol Syncline, a prominent structure in the western Cumberland Basin 
of Nova Scotia.  Famous for upright fossil lycopsids that regularly 
reach heights of 5-6 m, the Joggins Formation is widely recognized as 
the world’s best exposure of coal-bearing Carboniferous strata.  New 
seismic profiles, shot by Devon Canada in 2002, show that the Athol 
Syncline sits atop a salt weld and that the Joggins Formation thins on 
the flanks of adjacent evaporite-cored anticlines.  These relationships 
indicate that during deposition of the Joggins Formation, at least 1 km 
of syndepositional subsidence was facilitated by flow of underlying salt 
into the adjacent anticlines.  In contrast, halokinesis was mainly active 
during the Mississippian in the eastern Cumberland Basin 
(Tatamagouche Syncline); mini-basins were filled by Mabou Group 
sediments, whereas the Cumberland Group is thin and lacks significant 
coals.  This basinwide comparison shows that much of the subsidence 
responsible for the preservation of the coal-bearing Joggins Formation 
was the result of salt withdrawal at depth. 
 
CARBONIFEROUS TRANSPRESSION ALONG THE AVALON-
MEGUMA TERRANE BOUNDARY, CHEVERIE-WALTON 
AREA, NOVA SCOTIA  

WALDRON, J.W.F., john.waldron@ualberta.ca, and ROSELLI, 
C., Department of Earth and Atmospheric Sciences, University of 
Alberta, Edmonton, AB, T6E 1G6 

The Late Paleozoic Maritimes Basin underlies much of the Gulf of St. 
Lawrence and adjacent on-land parts of Atlantic Canada.  Deformation 
in the basin fill is most intense in a zone that corresponds to the 

boundary between the Meguma and Avalon terranes in the underlying 
Appalachian basement. 
On the south shore of the Minas Basin, Nova Scotia, Late Paleozoic 
deformation affects the Mississippian Horton and Windsor Groups, 
units dominated by lacustrine clastics and evaporites respectively.  
Stratigraphic and geochronologic arguments suggest that much of this 
deformation occurred close to the Mississippian-Pennsylvanian 
boundary, during the development of the Maritimes Basin.  Structures 
exposed in cliffs and on wave-cut platforms include reverse and strike-
slip faults, and tight folds with variably developed axial-planar 
cleavage.  Faults and folds are associated in outcrop-scale flower 
structures exposed in both cliff and wave-cut-platform view.  Locally, 
in the areas around Rainy Cove and Walton, overprinting has led to the 
development of spectacular large-scale downward-facing folds. 
Low angle thrust faults and oblique strike-slip faults played a role in 
emplacing Horton Bluff Formation strata over younger strata of the 
Windsor Group, as interpreted in intermittent outcrop, and as 
documented in recent petroleum industry drilling and seismic reflection 
profiling.  However, thrusting and strike-slip motion were followed by 
diapirism and solution of Windsor evaporates, which have significantly 
complicated the structure. 
Deformation was associated with transpressional motion along the 
boundary between the Meguma and Avalon terranes.  The structures in 
this zone represent an excellent opportunity to study the effects of 
transpression on an evaporite-bearing sedimentary succession. 
 
SLIDE AND DEBRIS FLOW DEPOSITS OF THE ISAAC 
FORMATION, (NEOPROTEROZOIC) WINDERMERE 
SUPERGROUP, EAST-CENTRAL BC  

WALLACE, K.D., kwallace@ualberta.ca, WALDRON, J.W.F., 
University of Alberta, 4-10 ESB, Edmonton, AB, T6G 2E3, and 
ARNOTT, R.W.C., University of Ottawa, 140 Louis Pasteur, 
Ottawa, ON, K1N 6N5 

The Isaac Formation, in the Cariboo Mountains of BC, is a succession 
of fine-grained thin-bedded turbidites, and intermittent sandstone units 
up to 80 m thick, that are interpreted as back-filled channels and two 
deep-water carbonate intervals.  Furthermore, slide and debris flow 
deposits have also been observed in the Isaac Formation.  Based on this 
assemblage of deposits, this formation of the Windermere Supergroup 
is interpreted as a slope succession deposited on the passive margin of 
western Laurentia during the Neoproterozoic. 
Fresh outcrop, recently exposed from a retreating alpine glacier, has 
resulted in exceptional outcrop continuity that exceeds most outcrop 
studies.  The scale of outcrop continuity bridges the gap between 
outcrop studies and seismic studies of modern fans. 
Slide deposits of the Isaac Formation generally overlie and truncate 
strata that are consistently oriented with local stratigraphy.  Internally, 
these deposits are characterized by thin-bedded turbidites that are 5 to 
15 degrees off strike with local stratigraphy, with varying degrees of 
bedding disruption.  Bedding disruptions occur as slip planes (without 
fault gouge) that separate diverging strata, rotated bedding and folded 
strata.  The latter two features intensify and occur more frequently 
towards the base of these deposits.  These deposits display type 1B 
folds in mudstone layers and type 2 folds in sandstone layers.  These 
folds are interpreted as primary folds. 
Slide deposits of the Isaac Formation are commonly overlain and 
incised into by debris flow deposits.  Debris flow deposits are generally 
composed of a silty-mudstone matrix with abundant clasts dispersed 
throughout.  Clast lithologies include quartz, locally-sourced mudstone 
and sandstone blocks, and in some debris flow deposits, shallow-water 
carbonate blocks.  A wide variety of shelf-derived carbonate blocks 
have been observed, including dolomitic mudstone, oolitic limestone, 
peloidal mudstone and stromatolitic mudstone.  Debris flow deposits 
that host carbonate blocks are interpreted to represent major sequence 
boundaries, marking times when the shelf was exposed and shed 
detritus onto the continental slope. 
The strong spatial association between slide and debris flow deposits 
suggests a genetic relation.  The observed succession may have resulted 
from retrogressive slope failure.  Slide deposits may represent the 
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downslope sediment mass that remained coherent due to a shorter 
transport distance.  In contrast, the overlying debris flow deposits may 
have been initiated further upslope, having a longer transport distance.  
Sediment of the mobilized mass was sufficiently agitated and mixed 
with ambient water to evolve from a slide to a flow. 
 
METAL SOURCES OF THE NAVAN BASE METAL DEPOSIT, 
IRELAND  

WALSHAW, R.D., BNFL Particle Alliance, Institute of Particle 
Science & Engineering, University of Leeds, LS2 9JT, UK, 
MENUGE, J.F., j.f.menuge@ucd.ie, and TYRRELL, S., 
Department of Geology, University College Dublin, Belfield, 
Dublin 4, Ireland 

The giant carbonate-hosted, Irish-type, Navan base metal deposit of 
County Meath, Ireland, is hosted in the Courceyan Pale Beds, which 
mainly comprise micrites, oolitic and bioclastic calcarenites.  It consists 
of a stack of stratabound ore lenses compartmentalised by NE to ENE-
trending faults.  The ore appears to have formed primarily by 
replacement of host limestones, probably during the Chadian or 
Arundian.  The Lower Carboniferous succession lies unconformably on 
Lower Palaeozoic volcanosedimentary rocks of the Longford-Down 
Inlier, just north of the northward-dipping Iapetus Suture. 
Nd and Sr isotope analysis of gangue mineral samples spanning the 
Navan paragenetic sequence reveals systematic evolution in 
composition of the mineralizing fluid.  Early fluid represented by 
replacive dolomite exhibits the lowest initial 87Sr/86Sr ratio (0.7083 - 
0.7086), closest to that of the host limestone and to Lower 
Carboniferous seawater, and the highest 143Nd/144Nd ratio (0.51161 - 
0.51176).  Later generations of dolomite, barite and calcite, which 
encompass sulphide precipitation, have higher initial 87Sr/86Sr ratios 
(maximum 0.7105) and lower intial 143Nd/144Nd ratios (minimum 
0.51157).  All samples have initial Nd isotope ratios too low to have 
been acquired only from the host limestone.  Drill core samples of 
presumed Ordovician volcanic and sedimentary rocks from beneath the 
Navan ore body have 143Nd/144Nd and 87Sr/86Sr ratios at the time of 
mineralization of 0.51184 - 0.51217 and 0.7086 - 0.7138, respectively. 
The data are interpreted to indicate mixing of a sulphide-rich, 
limestone-buffered brine, with a metal-bearing hydrothermal fluid 
which had passed through sub-Carboniferous rocks, consistent with 
fluid inclusion and published S isotope data.  The 143Nd/144Nd ratio of 
this basement-derived fluid is too low to have been imparted by flow 
through the Devonian Old Red Sandstone, as required in models of 
regional fluid flow in response to Hercynian uplift.  Irrespective of 
whether or not such regional fluid flow occurred, the hydrothermal Nd 
must have been derived from sub-Devonian rocks.  These conclusions 
broadly support the hydrothermal convection cell model in which 
brines, ultimately of surface origin, penetrated to a depth of several 
kilometers, leaching metals from the rocks through which they passed.  
Metals were subsequently precipitated in carbonate rocks at sites of 
mixing with cooler, sulphide-rich fluids.  However, comparison of the 
Navan hydrothermal gangue Nd-Sr isotope data with data from Lower 
Palaeozoic rocks strongly suggests that the latter cannot alone account 
for the Obasement1 signature.  As the Navan deposit lies immediately 
north of the Iapetus Suture, this suggests that the Laurentian margin 
includes Precambrian basement. 
 
CO2 AND N2O CONCENTRATIONS IN SOIL PROFILES AS 
INFLUENCED BY SOIL EROSION WITHIN COMPLEX, 
CULTIVATED LANDSCAPES  

WANG, R.F., umwangr0@cc.unmanitoba.ca, LOBB, D.A., 
Department of Soil Science, University of Manitoba, 
MCCONKEY, B.G., Semiarid Prairies Agricultural Research 
Centre, AAFC, BURTON, D.L., Nova Scotia Agricultural 
College, and MOULIN, A.P., Brandon Research Centre, AAFC 

A field experiment was carried out in three depressions within 
complex, cultivated landscapes near Brandon, Manitoba.  We examined 
the effect that soil accumulation had on profile CO2 and N2O 
concentrations as well as emissions from the soil.  Soil atmosphere was 
sampled using silicone tubing probes positioned into the soil profile 
horizontally in 5-cm increments to a depth of 100cm or 10cm into the 

C-horizon.  Surface gas flux was measured using the closed-chamber 
method.  Soil accumulation from erosion was determined using 137Cs 
analysis.  Significant temporal and vertical patterns were observed for 
the production of these gases.  CO2 and N2O flux from the soil surface 
varied among seasons from 0 to 15 kg CO2-C ha-1 day-1 and 0 to 90g 
N2O-N ha-1 day-1, respectively.  The highest N2O concentration was 
observed at the 10-25 cm depth following snow melt, while the highest 
CO2 concentration was observed at the 80-100cm depth during the 
growing season.  Significant soil accumulation has the potential to 
impact CO2 and N2O productions by increasing the variability of soil 
organic matter redistribution, changing of soil hydrology and soil 
moisture regime and varying soil properties within these landscapes. 
 
NUMERICAL MODELING OF DEFORMATION-DRIVEN 
FLUID PRESSURE GRADIENTS IN A MECHANICALLY 
HETEROGENEOUS MEDIUM  

WASHBURN, M., JOHNSON, S.E., KOONS, P.O., and 
UPTON, P., Department of Earth Sciences, University of Maine, 
Bryand Global Sciences Center, Orono, Maine 04469-5790, 
malissa.washburn@umit.maine.edu 

Migmatites represent zones in the crust where transport and 
accumulation of partial melts occurred at least partly in structurally 
controlled sites.  Because migmatites localize strain at the orogen scale, 
it is critical to understand the development and propagation of melt 
flow pathways through the system in three dimensions.  The rheology 
of anatectic zones depends on the processes by which low-fluid-
pressure sites form interconnected networks to allow for effective melt 
segregation.  If melt flow pathways become interconnected, fluid can 
be drained from the system, thereby reducing overall fluid pressure, 
while local fluid pressure gradients related to the deformationally-
induced development of dilatant sites will persist as long as melt 
generation rates are maintained and deformation continues. 
Three-dimensional numerical modeling is presented investigating the 
role of host rock mechanical heterogeneity in the development of 
locally dilatant sites during deformation.  The interconnectivity of these 
dilatant sites leads to strain localization and the establishment of local 
fluid pressure gradients.  Strain rate connectivity and fluid pressure 
gradients were used to indicate potential fluid-flow pathways.  In 
migmatites, these structures are preserved as shear bands and boudin 
necks, which, if sufficiently interconnected, could have resulted in 
effective drainage of partial melts.  This is significant because such 
processes in rocks containing partial melts may help to explain the 
apparent structural and geochemical relationships between migmatites, 
diatexites, and granites in transpressional orogenic settings. 
 
PALLADIUM MINERALS AND HYDROUS SILICATE 
ASSEMBLAGES FROM THE BROKEN HAMMER ZONE, 
WISNER PROPERTY, OF THE NORTH RANGE FOOTWALL, 
SUDBURY IGNEOUS COMPLEX  

WATKINSON, D.H., JONES, P.C., Carleton University, 1125 
Colonel By Drive, Ottawa, K1S 5B6, 
david_watkinson@carleton.ca, and STAFF, WALLBRIDGE 
MINING CO. LTD. , 129 Fielding Road, Lively, ON, P3Y 1L7 

Surface mapping and drilling of the Broken Hammer Zone by 
Wallbridge Mining Co. Ltd. have outlined a stockwork of high-grade 
Cu, Pd, Pt, Au-bearing veins in brecciated Archean granitic rocks and 
the Levack Gneiss Complex of the Sudbury Structure.  Veins and 
disseminations in Sudbury Breccia (SDBX) are predominantly 
chalcopyrite, with lesser millerite, pyrite, and assemblages of the 
platinum-group minerals.  Assay data revealed strong correlation of Cu 
with Pd, whereas the Cu - Pt correlation was much lower.  Cu-rich 
veins and disseminations contain complex assemblages of Pd minerals 
and rare sperrylite as revealed by petrographic, SEM, and electron 
microprobe analysis.  Sperrylite was more commonly observed as 
isolated disseminations in the matrix of SDBX. 
Mica “porphyroblasts” in the matrix to SDBX have intermediate values 
of Fe/(Fe+Mg) and Cl/(Cl+F).  Where mica is partly chloritized, the Cl 
content is low.  Chlorite near veins has high NiO contents (1.4 wt.%) 
whereas “regional” chlorite in the SDBX has NiO about 0.04%.  In that 
Cl values of chlorite are at the detection limit of the electron 
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microprobe, it is inferred that fluid involved in chloritization and mica 
breakdown  became enriched in Cl, permitting remobilization of base 
and precious metals, and subsequent precipitation as disseminations 
and fracture-fillings in SDBX. 
Michenerite (PdBiTe) was the primary Pd mineral; however, it is 
partially to totally replaced by an assemblage of fine-grained 
merenskyite (PdTe2) and an unknown Pd mineral.  Some assemblages 
of these fine intergrowths contain other Ni, Bi, Te minerals.  The 
unknown Pd mineral commonly rims michenerite, and rims are 
especially thick at the contact with chalcopyrite.  Electron microprobe 
data (n=16) of four specimens from surface and drill core were 
consistent; the mean recalculated to 6 atoms is 
Cu0.998(Pd0.932Pt0.001Ni0.042)(Bi0.971Te0.013)(S2.975Se0.006), i.e., CuPdBiS3.  
This is possibly the Pd analogue of mückeite (CuNiBiS3), one of the 
bournonite group of minerals.  Vein assemblages are interpreted to 
result from an early stage of PGE and Cu,Fe,Ni,S,Bi,Te precipitation as 
chalcopyrite, millerite, pyrite, michenerite, and sperrylite, accompanied 
by the hydrous silicate assemblage epidote+amphibole+biotite, 
followed by a later reaction of michenerite and chalcopyrite to produce 
merenskyite and the unknown Pd mineral.  A simplified reaction might 
be PdBiTe + CuFeS2 -> PdTe2 + CuPdBiS3+ Fe (in silicates, oxides, 
pyrite).  Chloritic alteration, overprinting mica and cutting zoned 
epidote, may be part of this latter stage of mineralization. 
 
GLOBAL WARMING AND ABRUPT CLIMATE CHANGE  

WEAVER, A.J., School of Earth and Ocean Sciences, University 
of Victoria, PO Box 3055, Victoria, BC, V8W 3P6, 
weaver@uvic.ca 

Despite recent the recent IPCC (2001) assessment that "Most models 
show weakening of the Northern Hemisphere Thermohaline Circulation 
(THC), which contributes to a reduction of surface warming in the 
northern North Atlantic.  Even in models where the THC weakens, 
there is still a warming over Europe due to increased greenhouse 
gases." there is still a widespread misunderstanding of the possible 
consequence of climate change on the Atlantic Ocean Meridional 
Overturning.  In particular, it is often touted, especially in the media 
that a possible consequence of anthropogenic greenhouse gas emissions 
is: "Global warming will cause the onset of the next ice age".  Here I 
document the history from where this misconception arose and 
quantitatively show how it is impossible for an ice age to ensue as a 
consequence of global warming.  Through analysis of the paleoclimate 
record as well as a number of climate model simulations, I also suggest 
that it is very unlikely that the Atlantic Meridional Overturning will 
cease to be active in the near future.  I further suggest that a region 
where intermediate water formation may shut down is in the Labrador 
Sea, although this has more minor consequences for climate than if 
deep water formation in the Nordic Seas were to cease. 
 
USING LIDAR TO MAP SUBTLE STRUCTURES IN THE 
NORTH MOUNTAIN BASALT, FUNDY BASIN, NOVA SCOTIA  

WEBSTER, T.L., Dalhousie University and Applied Geomatics 
Research Group, COGS/NSCC, RR#1 Lawrencetown, NS, B0S 
1M0, Timothy.webster@nscc.ca 

Laser altimetry or LIDAR is an emerging technology that can be used 
to generate high-resolution DEMs.  The enhanced resolution available 
from LIDAR will improve many aspects of geomorphology and lead to 
better interpretations of earth surface processes. 
In this study, the LIDAR data have been used to build a “bald earth” 
DEM for a section of the Fundy Basin in Nova Scotia and has been 
used to map the extent of the three flow units of the North Mountain 
Basalt (NMB).  The upper flow unit (UFU) outcrops along the shore 
and consists of 1-2 flows, is massive and columnar jointed.  The UFU 
overlies the middle flow unit (MFU) that consists of multiple thin flows 
that are highly vesicular and amygdaloidal.  The MFU overlies the 
lower flow unit (LFU) that forms the cuesta of the valley and consists 
of a thick massive single flow.  The MFU is less resistant to erosion 
and as a result has a distinct topographic signature on the LIDAR-
DEM.  A new geological map of the three flow units has been 
constructed based on the topographic expression of the flow units and 
constrained by outcrop locations in the field.  Several circular structures 

were identified in the lower flow unit of the basalt, many of which were 
previously undetected.  The morphology of these structures were 
compared to similar “ring like” structures identified in the Columbia 
River Basalts (CBR), which have a similar basaltic composition and 
were emplaced in a locally similar environment (i.e. continental 
extension).  A model for the formation of the NMB ring structures 
involves heating the saturated substrate as a result of the lava flow, 
resulting in increased volatiles in the flow followed by explosive 
venting and the excavation of a crater in the partially solidified flow 
and the formation of a cone.  This was followed by subsidence of the 
solidified flow top and the development of radial fractures that were 
intruded by local mafic dikes.  Erosion has since differentially 
excavated the more fractured cone material leaving the more resistant 
dike and quenched melt to form the rings.  Modern analogues are the 
“rootless cones” of Iceland, which are characterized by cones made 
from the ejected material.  The enhanced topographic detail of LIDAR 
to differentiate flow units within the NMB demonstrates that this new 
technique will be powerful in regions with stronger lithologic contrasts. 
 
APPLICATION OF NEW HIGH-RESOLUTION REMOTE 
SENSING TECHNOLOGIES FOR EARTH SURFACE 
SYSTEMS  

WEBSTER, T.L., Dept. Earth Sciences, Dalhousie University and 
Applied Geomatics Research Group, COGS/NSCC, 50 Elliot Rd. 
Lawrencetown, NS, B0S 1M0 

Several new remote sensing technologies are now available that offers 
significant improvements in spatial resolution to facilitate the 
monitoring of Earth surface processes. These include both satellite and 
airborne platforms.  Light Detection and Ranging – LIDAR offers the 
ability to obtain high resolution DEMs (ca. < 5 m) even in forested 
areas.  These DEMs have a wide range of earth science applications 
ranging from geomorphic investigations to modeling flood risk from 
storm surge events in coastal areas.  An active near infrared image can 
be constructed from the LIDAR pulses that represent the targets the 
laser beam reflected off of.  The intensity of the reflected laser pulse 
will depend on the landcover type and moisture content.  Other 
remotely sensed imagery of similar resolutions to the LIDAR DEMs 
are now readily available from satellites such as Quickbird and Ikonos.  
These LIDAR DEMs can also be integrated with traditional aerial 
photography and multi and hyperspectral sensors such as CASI to 
examine the landcover and terrane characteristics.  New advances in 
radar remote sensing in the form of polarimetric SAR are also 
becoming more available with the implementation of this technology 
for Radatsat-2.  The presentation will highlight different applications of 
these new technologies for monitoring and mapping earth surface 
processes using a wide range of geographic areas and datasets as 
examples. 
 
LIDAR HIGH-RESOLUTION ELEVATION MAPPING FOR 
GEOSCIENCE APPLICATIONS  

WEBSTER, T.L., PhD Candidate, Dalhousie University and 
Applied Geomatics Research Group, COGS/NSCC, RR#1 
Lawrencetown, NS, B0S 1M0, Timothy.webster@nscc.ca 

A high-resolution LIDAR – Light Detection and Ranging survey has 
been conducted over the Annapolis Valley, Nova Scotia.  LIDAR 
involves firing a laser pulse from an aircraft toward the ground and a 
precise height of the target is determined.  The small ground footprint 
of the laser (ca. 25 cm diameter) ensures laser returns from the ground 
even in densely vegetated areas.  In this study, LIDAR data were 
collected in a heavily vegetated terrain for a 350 km2 section of the 
Fundy Basin of Nova Scotia.  The 15 cm vertical accuracy of the data 
has been validated in a GIS against high-precision GPS data and they 
have been used to investigate three geological questions related to (1) 
the North Mountain basalts and unidentified craters associated with 
them; (2) the interpretation of glacial and glaciomarine surficial 
geology deposits; and (3) landscape evolution by fluvial processes over 
timescales of millennia.  The LIDAR data have been used in 
constraining individual flow units within the Jurassic North Mountain 
Basalt (NMB) and contacts between the basalts.  The NMB is 
comprised of three flow units with contrasting chemical and physical 
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properties, which is interpreted to control differential erosion rates and 
induce the subtle topographic variations between the flow units that are 
visible on the LIDAR-derived DEM and have been exploited to map 
the boundaries between the three flow units and confirmed with field 
mapping.  Several previously undetected circular structures were 
identified in the lower flow unit of the basalt, and a model constructed 
for their formation involving the lava flow heating the saturated 
substrate or surface water causing explosive venting, and the 
development of radial dykes.  Several glacial and glacial marine 
landforms have been identified including streamline landforms and 
raised beach terraces that enhance the previous mapping in the area and 
give new insights into local ice dynamics.  Longitudinal stream profiles 
have been constructed and used to calculated stream incision depths.  
These metrics have been computed for the thick and thin till blanket 
areas on the North Mountain to assess the influence of till on the fluvial 
processes.  Two streams in these contrasting areas have been 
instrumented to measure water flow and water quality parameters.  
Preliminary interpretations indicate the thick till blanket promotes 
overland flow, while the thin till areas promote infiltration and 
groundwater flow.  These results will influence the stream’s ability to 
do work and erode the streambed, thus influencing the long-term fluvial 
erosion potential. 
 
CRETACEOUS ROCKS OF ORPHEUS GRABEN, OFFSHORE 
NOVA SCOTIA, DEPOSITED IN A STRIKE-SLIP BASIN  

WEIR-MURPHY, S., (now at EnCana, Calgary, AB) 
shawna.weir-murphy@encana.ca, PE-PIPER, G., MACRAE, A., 
Department of Geology, Saint Mary’s University, Halifax, NS, 
B3H 3C3, and PIPER, D.J.W., Geological Survey of Canada 
(Atlantic), Bedford Institute of Oceanography, Dartmouth, NS, 
B2Y 4A2 

Orpheus Graben is an offshore Mesozoic basin located along the trace 
of the Cobequid - Chedabucto fault system, along strike from the 
Lower Cretaceous Chaswood Formation of central Nova Scotia.  
Orpheus Graben contains up to 10 km of Lower Jurassic and Upper 
Triassic strata, including the Argo salt, overlain by a relatively thin 
succession of Upper Jurassic to Lower Tertiary strata. Seven wildcat 
wells provide a basic lithostratigraphic and biostratigraphic framework.  
In this study, the detailed lithostratigraphy, provenance and structure of 
the Cretaceous rocks of Orpheus Graben are compared with correlative 
rocks on land and in the Sable Sub-basin. These sediments are 
principally of delta plain to shore face environments. 
Well logs and cuttings show that the Missisauga Formation consists 
principally of sandstones, many coarse-grained.  In the Logan Canyon 
Formation, the basal Naskapi Member is shale, but most of the rest of 
the formation consists of sandstones, many with coaly fragments.  In 
several wells, a volcanic horizon occurs at in the lower part of the Cree 
Member.  The Dawson Canyon Formation is poorly sampled, but 
consists principally of shales and marls, with minor phosphorite.  
Detrital petrology indicates an important local source to the Lower 
Cretaceous, but also more distant supply from the Taconic orogen in 
western Newfoundland and from the Canadian Shield.  Early diagenetic 
cements include siderite (principally in mudstone), calcite, pyrite, 
limonite and phosphate.  Later diagenetic minerals include kaolinite, 
septochlorite, chlorite, siderite and barite.  Basalt is altered to 
stilpnomelane, chlorite, siderite and calcite. 
The major faults in Orpheus graben trend ENE and some were 
important pathways for salt movement.  Three regional Lower 
Cretaceous unconformities are recognised, corresponding to the classic 
“Avalon Unconformity”, at the base of the Missisauga Formation, the 
base of the Logan Canyon Formation and in the middle of the Logan 
Canyon Formation.  There were two major periods of Cretaceous - 
Tertiary fault movement: one synchronous with the Missisauga and 
lower part of the Logan Canyon Formation and the other offsetting the 
youngest preserved Banquereau Formation (of probable Oligocene or 
Miocene age).  Syn-sedimentary faulting in the Lower Cretaceous 
corresponds to syn-sedimentary tectonism in the Chaswood Formation 
and probably involved strike-slip movement along the Cobequid-
Chedabucto fault system.  The younger faulting is interpreted to relate 
to the uplift and erosion of the inferred 700 m thick post-Chaswood 
sediments onshore. 

 
LITHOGEOCHEMISTRY CONSTRAINTS ON ASSIMILATION 
AND FRACTIONAL CRYSTALLIZATION PROCESSES IN 
THE SOUTH MOUNTAIN BATHOLITH, NOVA SCOTIA  

WHITBREAD, M.A., ioGeochemistry, P.O. Box 443, Sumner 
Park BC, Australia 4074, mike.whitbread@ioglobal.net, and 
STANLEY, C.R., Dept. of Geology, Acadia University, 
Wolfville, NS, B4P 2R6, Canada, cliff.stanley@acadiau.ca 

The South Mountain Batholith (SMB) is a Devonian, peraluminous, 
composite granitoid intruding Cambro-Ordovician Meguma Group 
metasediments in southwestern Nova Scotia.  The batholith ranges in 
composition from biotite granodiorite to muscovite leucogranite. The 
batholith has been divided into early Stage 1, and later, chemically 
more-evolved Stage 2 plutons that intrude Stage 1 plutons, although all 
were emplaced within a geologically narrow timeframe (~370 Ma). 
The batholith has potential for Sn, W and U-bearing mineral deposits 
(amongst other commodities), and mineralisation is commonly found in 
greisen, vein, breccia and pegmatite settings.  Mineralisation is 
spatially associated with more-evolved granitoids, making their 
identification of critical importance to mineral exploration.  Although 
fractional crystallization has classically been considered the principle 
cause of element enrichment in specialized granitoids like the SMB, 
new mineralogical and lithogeochemical evidence suggests that 
assimilation processes have also been important in the chemical 
evolution of parts of the batholith.  Unfortunately, both processes can 
produce plutons that appear mineralogically and chemically ‘more-
evolved’.  However, depending on the composition of the assimilant, 
assimilation can serve to dilute or further enhance the concentrations of 
elements of economic interest.  As a result, the economic potential of 
the SMB is likely a function of (i) the initial metal endowments 
contributed to the magma from the source rock, (ii) the fractionation 
processes that operated to enhance these endowments during 
emplacement and cooling of the SMB, (iii) the metal endowments of 
the host Meguma Group, and (iv) the nature and extent of assimilation 
of this country rock during emplacement and cooling. 
A large whole-rock lithogeochemical database from the SMB collected 
by the Nova Scotia Department of Natural Resources (>650 XRF 
analyses) has been used to investigate compositional controls in the 
SMB.  Conserved element and molar element ratio analysis procedures 
have been used to determine the nature and extent of fractional 
crystallization and assimilation processes responsible for producing the 
evolved character of each pluton in the SMB.  This, coupled with an 
assessment of how the concentrations of elements of economic interest 
changed as a result of these processes, potentially allows discrimination 
of truly ‘fertile’ plutons from those that only appear ‘more evolved’.  
Thus, highly prospective areas within the SMB worthy of further 
exploration interest could well be identified. 
 
PSEUDO-3D SUB-BOTTOM IMAGING OF DYNAMIC 
DEPOSITIONAL ENVIRONMENTS IN THE UPPER BAY OF 
FUNDY  

WHITE, R.O., richardo.white@unb.ca, BUTLER, K., 
Department of Geology, University of New Brunswick, 
Fredericton, NB, E3B 5A3, and SIMPKIN, P., IKB Technologies 
Ltd., 1220 Hammonds Plains Road, Bedford, NS, B4B 1B4 

Recently there has been an interest in developing strategies for 
acquiring high resolution 3D seismc data for geotechnical and 
environmental engineering applications.  Sedimentologists working on 
hydrocarbon reservoir models are also interested in 3D seismic data of 
modern depositional systems.  For them it is important to resolve 
depositional geometries as an aid to inferring the evolution of 
depositional processes and the distribution of geological facies 
impacting on exploration and development strategies. 
Acquisition of high resolution single-channel seismic data in very 
shallow waters (characteristic of marginal marine environments) 
imposes significant restrictions on the size of the survey vessel and on 
the type of acoustic source and receiver array that may be effectively 
employed. Other challenges related to the dynamic shallow marine 
arise.  Variations in the elevation of the profiling system transducers 
due to tides (a long period effect) and ocean swell or heave (a short 
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period effect) are two important examples; both of these factors can 
lead to variations in the arrival time of ocean bottom and sub-bottom 
reflectors that are much greater than the vertical resolution afforded by 
the seismic system itself. 
Though recent breakthroughs in seismic source and array designs have 
made high resolution 3D seismic imaging in very shallow waters 
possible, logistics, cost, time, environmental conditions and the scale of 
survey may make it impractical.  We present an innovative pseudo-3D 
or 2.5D survey design which overcomes some of these limitations.  The 
method is demonstrated by application to sub-bottom imaging of a 
transgressive beach environment along the Bay of Fundy at Waterside, 
NB.  The survey site is characterized by a large diurnal tidal range 
(giving very little operational time), occasionally choppy waters, and 
abrupt changes in water depth associated with large gravel bars.  The 
survey strategy involved the deployment of two IKB Seistec™ profilers 
towed side by side 12m apart, firing alternately, and positioned by high 
accuracy kinematic DGPS capable of giving centimeter accuracy.  It is 
hoped that such a design will make it possible to correct for heave, and 
resolve the crossline dip of geological features in addition to the depth 
and inline dip information already provided by conventional single 
profiler surveys.  The system should allow the production of higher 
resolution subsurface maps of geological structure and stratigraphy 
without the cost of acquiring and processing a full 3D data set. 
 
EFFECTIVE APPLICATION OF ASTER IMAGERY TO 
GEOLOGICAL MAPPING AND MINERAL RESOURCE 
EVALUATION  

WICKERT, L.M., wickerlm@mcmaster.ca, MORRIS, W.A., 
morriswa@mcmaster.ca, Applied Geophysics Group, School of 
Geography and Geology, McMaster University, Hamilton, ON, 
L8S 4K1, and BUDKEWITSCH, P., 
paul.budkewitsch@ccrs.nrcan.gc.ca, Canada Centre for Remote 
Sensing, 588 Booth Street, Ottawa, ON, K1A 0Y7 

The relatively low cost, worldwide coverage and ease of use of 
LANDSAT imagery has helped to foster the use of remote sensing as a 
routine geological exploration tool.  LANDSAT has limitations, 
however, many of which can be overcome through the use of a 
relatively new sensor.  The Advanced Spaceborne Thermal Emission 
Radiometer (ASTER), launched in 1999, has six narrower bands in the 
short-wave infrared (SWIR), a back-looking visible to near infrared 
(VNIR) band used for Digital Elevation Model (DEM) creation, and 
five thermal infrared (TIR) bands.  The increased spectral resolution in 
the SWIR permits differentiation between different mineral groups, 
resulting in a more geologically focused analysis. 
Research carried out via participation in NRCan’s Remote Predictive 
Mapping project (RPM) has investigated the potential use of ASTER 
data for addressing geological applications in Canada’s north.  
Evaluation has shown that simpler processing methods such as band 
ratios, relative band depth methods and minimum noise fraction (MNF) 
analyses can be used successfully to discriminate lithologic units.  The 
next challenge is the successful integration of these images into a 
spatially coherent final geologic map or mineral resource evaluation 
product. 
The integration of ASTER data into lithologic discrimination (geologic 
mapping) and mineral resource evaluation depends on how post-
processed data are employed.  For the purpose of lithologic 
discrimination the objective is to optimise imagery such that regions 
having similar geological character have similar spectral response.  The 
interpreter seeks to identify spatial boundaries, which can may be 
lithologic, tectonic, or hidden, that define specific rock units.  Using 
geometric aspects of geological structures it is possible to attach a level 
of confidence to the type of boundary present.  An updated geological 
interpretation based on this information can then be tested against 
currently available geologic maps.  For the purpose of mineral resource 
evaluation the objective is optimisation of imagery that accentuates the 
spatial distribution of mineral species that have deposit-specific 
connotations.  The interpreter must search for specific minerals and 
their direct association with any other tectonic, topographic, or 
geophysical feature that is diagnostic of the mineral commodity being 
sought. 

This presentation will demonstrate two approaches to using ASTER 
data using images over the folded Precambrian volcanic and red bed 
sequences of the Belcher Islands, Hudson Bay. 
 
SCROLLING OF THIN LIZARDITE CRYSTALS:  AN 
EXPRESSION OF INTERNAL STRESS  

WICKS, F.J., Royal Ontario Museum, 100 Queen's Park, 
Toronto, ON, M5S 2C6, fredw@rom.on.ca, and CHATFIELD, 
E.J., Chatfield Technical Consulting Limited, Mississauga, ON, 
L5B 1Y8 

Transmission electron microscope (TEM) studies showed that 
beneficiated vermiculite from an Ontario deposit included thin layers of 
lizardite.  These thin plates have a strong tendency to curl at their edges 
to form scrolls possibly in response to the misfit between the larger 
sheet of octahedra and the smaller sheet of tetrahedra that make up the 
lizardite structure.  The scrolling usually occurs about the x-axis of the 
lizardite.  As there are three equivalent x-axes, the scrolling produces 
spectacularly decorated lizardite plates with numerous scrolls at 60 and 
120 to one another.  The scrolls often become detached from the parent 
lizardite plate and superficially resemble chrysotile fibres.  However, 
there are important differences between the lizardite scrolls and 
chrysotile.  The lizardite scrolls do not have the central core found in 
chrysotile, often end in a minor scroll at 60 to the scroll axis (x-axis) 
and often have fragments of the parent, flat lizardite plate attached to 
their edges.  The lizardite scrolls are often torn and do not appear to 
have much mechanical competence.  The electron diffraction patterns 
of the scrolls have superficial similarities to those of chrysotile but are 
significantly different, reflecting their different origin.  The diffraction 
patterns of the scrolls are much more stable in the electron beam than 
chrysotile.  It is extremely important to be able to routinely distinguish 
lizardite scrolls from chrysotile fibres when evaluating vermiculite. 
 
RISK OF SOIL SALINIZATION  

WIEBE, B.H., wiebebh@agr.gc.ca, EILERS, R.G., AAFC, 362 
Ellis Bldg, University of Manitoba, Winnipeg, MB, R3T 2N2, 
EILERS, W.D., AAFC, 51 Campus Dr., Saskatoon, SK, S7N 
5A8, and BRIERLEY, J.A., AAFC, 7000 113th Street, 
Edmonton, AB, T6H 5T6 

Soil salinity is a major factor influencing soil quality on the Canadian 
Prairies.  Moderate to severe soil salinity currently affects the surface 
60 cm of approximately 1 million ha within agricultural regions of the 
prairies.  The subsoil (60 – 120 cm) is affected on about 3.5 million ha. 
The salinity risk indicator (SRI) was developed to measure and monitor 
the change in the risk of soil salinization in the dryland Prairies as a 
function of changes in land use and management practices.  The 
indicator does not measure the actual area of saline lands or the area 
that has increased salinity extent or degree, but rather the level of risk 
for increasing salinization that results from the agricultural land uses of 
the day.  As such, the only parameter that was allowed to vary in this 
analysis was the land use practices as reported in the Statistics Canada 
Census of Agriculture data.  Thus it relates agricultural practice to the 
potential for increasing soil salinity and reflects how the agriculture 
industry is performing with respect to the goals of sustainable 
agriculture, specifically the long term quality of agricultural soils.  The 
indicator is expressed in five risk classes for potential degradation of 
agri-environmental health.  The base map for this analysis was the 
revised map of the Soil Landscapes of Canada (SLC version 3.0). 
In 2001, almost 12% of the land area in the agricultural regions of the 
Prairies (~8 million ha) was rated as having a moderate or higher risk 
of salinization, a large improvement from the 1981 value of 18.4%.  
Prairie-wide the land area at high and very high risk of salinization 
decreased from 6.2% to 4.4% of agricultural landscapes and the area at 
moderate risk decreased from 12.2% to 7.3%.  The improvement can 
largely be attributed to a reduction in summer fallow (9,500,000 ha in 
1981, 4,600,000 ha in 2001).  The area under permanent cover also 
increased but this change was less dramatic and had a much smaller 
impact on the salinity risk index.  The area with a low or very low risk 
of salinization had increased from 72 to 77% of the agricultural 
landscapes in Manitoba, from 75 to 86% in Saskatchewan, and from 93 
to 96% in Alberta.  Thus indicating that although the problem is far 
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from eliminated, the trends, based on current land use and management 
practices, programs, and policies is toward improving agri-
environmental sustainability. 
 
WHAT HAVE WE LEARNED FROM MODELLING OF 
CARSON BASIN, GRAND BANKS, OFFSHORE 
NEWFOUNDLAND?  

WIELENS, J.B.W., hwielens@nrcan.gc.ca, JAUER, C.D. and 
WILLIAMS, G.L., Geological Survey of Canada Atlantic, P.O. 
Box 1006, Dartmouth, NS, B2Y 4A2 

There are many barely explored basins on the Grand Banks; the shelf-
slope Carson Basin in the southeastern part of the Banks is one that 
may have hydrocarbon potential.  This basin formed by passive rifting 
and was filled with a sequence of Triassic to Tertiary/Quaternary strata 
that includes reservoirs, seals and a thick salt section.  No source rock 
was penetrated by the four wells drilled on the eastern, high basin 
flank, nor were hydrocarbons found.  Structurally, salt tectonics from 
Jurassic through Paleogene times has formed many salt-related features 
while the early-late Cretaceous Avalon Uplift event caused deep 
erosional channel systems that cut into the section.  To integrate the 
available knowledge, we decided to synthesise a basin model.  This 
exercise required a new level of detail in the geological data. 
New biostratigraphy and paleo-reconstructions make a strong case for 
the presence of an Early Kimmeridgian source rock in the area east of 
the wells.  Using conservative estimates, a Jeanne d’Arc basin Egret 
type of source rock was given values of 50 m thickness, 4% TOC and 
600 HI; this scenario potentially generates 100 billion barrels of oil. 
We built a model based on our revised biostratigraphic analyses, four 
interpreted seismic surfaces and other pertinent geological data.  It was 
simulated in 4-D with IES Petromod software.  Our results showed a 
basin with a viable petroleum system and significant hydrocarbon 
potential.  Depending on the length of migration paths and size of 
reservoirs, billion-barrel fields are feasible in this basin. 
In this model petroleum generation was driven primarily by the 
increased rifting heatflow of about 100 mW/m² (a commonly applied 
value, that included Mackenzie-type decay) during the rifting of Grand 
Banks and Iberia, between 125 and 68 Ma and it stopped thereafter.  
Thus, any of the younger structural traps will show a lower filling 
potential.  Analysis of the basin simulation strongly implies that mainly 
stratigraphic traps were filled. 
Heatflow is a main uncertainty, but has a major influence on the 
hydrocarbon generation.  Therefore, a range of sensitivities were tested 
for this model, e.g. a flat 60 mW/m² heatflow lets the basin still 
generate significant, but smaller, quantities of hydrocarbons from 90 
Ma to present. 
 
USING TECHNOLOGY IN THE CLASSROOM  

WILLAMS, E.T., Riverside Secondary School, 2215 Reeve 
Street, Port Coqutlam, BC, V3C 6K8, ewlliams@sd43.bc.ca 

When using any type of AV resource for teaching geosciences, there 
are a number of principles to be followed regarding the efficacy of the 
resource at promoting learning.  Large screen is preferable to small 
screen for the average classroom; local examples are preferable to those 
that are away, limited content and controlled pace are essential. 
In the 60’s and 70’s, the common visual resources were usually sets of 
35 mm slides, accompanied by descriptive text of for the teacher’s 
information.  Slides enabled dynamic interaction between teacher and 
students.  Slide presentations had the benefit of large screen viewing, 
could be readily updated and include local content.  However slides are 
difficult to keep organized and the slides and script were susceptible to 
damage. 
Films, and later videos, had sound and motion – lava flows, waterfalls, 
floods for example.  However, the shear amount of material on an 
average 15 - 20 min tape meant little actual learning took place.  
Multiple showings, with group discussion in between, give the most 
improvement in learning but at a significant time cost.  Videos have a 
very linear content flow that essentially ignores basic principles of 
learning.  Since videos are filmed ‘away’ there is no local context, and 
they soon become dated in both content and style. 

With modern computer technology, I have developed sophisticated 
programs using photographs, text and graphics that focus on student 
learning.  Appropriate samples can further extend the learning.  The 
teacher can extend the content and facilitate discussion and questions.  
A properly designed presentation can be independent of the instructor 
and readily usable by an absent student. 
However, the development of such a learning tool is not just a process 
of scanning pictures from different sources, or downloading digital 
images; do permissions to use need to be obtained.  The developer must 
consider such factors as resolution, colour balance, contrast, use of text, 
placement of objects on slide, readability of scanned text – it may be 
necessary to simplify and enlarge text.  Custom graphics may have to 
be created for local context.  What looks good in print format may not 
be successful when projected.  The developer needs to consider how to 
deal with a change in content direction.  This presentation will use 
geology examples to illustrate many of these facets of designing Power 
Point type presentations for learning. 
 
BLACK CORAL:  A PROXY OF BIOGEOCHEMISTRY OFF 
THE SE US CONTINENTAL SHELF  

WILLIAMS, B., GEOTOP-Université du Québec à Montréal, 
Montreal, QC, H3C 3P8, branwenmw@gmail.com, RISK, M.J., 
School of Geology and Geography, McMaster University, 
Hamilton, ON, L8S 4M1, ROSS, S.W., UNC-W, Center for 
Marine Science, Wilmington, NC, 28409, and SULAK, K.J., U.S. 
Geological Survey, Center for Aquatic Resource Studies, 
Gainesville, FL, 32653 

The Antipatharians (black corals) are a slow-growing order of Cnidaria 
with the potential to provide several century-long records of 
productivity.  Black corals are suspension feeders relying on organic 
material falling from surface waters for energy and structural material 
for their organic skeleton.  Consequently, the carbon-13 and nitrogen-
15 isotopic composition of their skeleton reflects changes in either the 
source of food or composition in the food itself. 
Black coral specimens can live for up to several hundred years.  Their 
skeleton is laid down in regular bands marked by subtle discontinuities 
in composition of chitin and organic material, allowing tight dating 
control throughout a cross-section of the skeleton. 
Several specimens of deep-water black coral, each about an inch in 
diameter at the base, were collected from 500 to 600 m deep from 185 
km off the coast of Jacksonville, Florida and from 380 km off the coast 
of Savanna, Georgia.  A growth chronology was established for each 
specimen using band counts from thin sections and validated using 
210Pb.  A thick section from the base of each specimen was then 
dissected using KOH to allow separation and removal of over 100 
distinct bands.  The bands were analyzed for carbon and nitrogen stable 
isotopes. 
*13C ranged from -15.3 to -17.6‰ and *15N from 7.4 to 10.1‰.  
Results indicate two large trends are occurring:  a decrease in *13C and 
an increase *15N with an escalation of both trends during the last third 
of the corals lifespan.  *13C shifts could result from increases in 
[CO2(aq)] and the *15N trend could reflect an enrichment in nitrogen-15 
from terrestrial organic matter reaching hundreds of kilometers 
offshore.  This work has established a methodology for utilizing 
Antipatharian corals as recorders of productivity on the edge of the SE 
US continental shelf. 
 
REGIONAL HIGH-T METAMORPHIC EVENTS IN 
PROTEROZOIC CRUST OF LAURENTIA:  IMPLICATIONS 
OF MAGMATIC UNDERPLATING FOR REGIONAL 
TECTONICS AND CRUSTAL EVOLUTION  

WILLIAMS, M.L., mlw @geo.umass.edu, JERCINOVIC, M.J., 
MAHAN, K., DUMOND, G., Dept. of Geosciences, Univ. of 
Massachusetts, Amherst Ma, 01003, FLOWERS, R.M., Dept of 
Earth and Planetary Sciences, MIT, Cambridge, MA, 02139, and 
DAVIS, W.J., Geol. Survey of Canada, 601 Booth St. Ottawa, 
ON 

Since the recognition of plate tectonics, geologists have sought 
processes that lie outside of the tectonic paradigm or processes that 
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might signal changes in the tectonic system through time.  Magmatic 
underplating may be such a process, one that can fundamentally affect 
the character and stability of continental crust.  Proterozoic 
underplating events have been proposed at 1.9 Ga in the Churchill 
Province and at 1.4 Ga in southern Laurentia, with the effects recorded 
at different crustal levels.  Many parts of the Churchill Province show 
evidence for (very) high-temperature (and high-P) metamorphism and 
mafic magmatism, at 1.9 Ga.  High-T, 1.9 Ga metamorphism is widely 
recorded along the southern Snowbird tectonic zone.  The ca.1.9 Ga 
Chipman dike swarm was emplaced into deep crustal rocks with local 
metamorphic temperatures exceeding 800°C.  The upper deck of the 
East Athabasca mylonite triangle (EAmt) experienced 800°C 
temperatures at 1.9 Ga, and 1.9 Ga lower intercepts on concordia have 
been recognized in the NW domain of the EAmt.  High-temperature 
metamorphism (>800°C) has also been documented well west of the 
Snowbird zone, at Neil Bay area, Wholdaia Lake, Thick Lake, and 
other sample localities in the Rae domain.  Almost 1000km to the 
northwest, the Kramanituar Complex, recorded high P-T (>800°C) 
metamorphism and mafic magmatism at ca. 1.9 Ga.  The Daly Bay 
Complex (200 km east) is a large, probably 1.9 Ga, deep crustal, 
layered mafic intrusion that may document the interaction between an 
underplated magma body and the deep crust.  In most of these regions, 
high-T metamorphism was associated with deformation, and partial 
exhumation occurred shortly after the high-T event.  At ca. 1.4 Ga, a 
huge region in southern Laurentia experienced medium to high-T 
metamorphism, partial melting, and deformation at generally middle 
crustal depths.  This event has been attributed to magmatic underplating 
although the tectonic causes are unclear.  The widespread nature of 
these high-T events, along and across strike, may preclude (but not 
eliminate) subduction-related processes.  Instead, mafic magmatism 
may be related to the evolution, and maturation, of continental 
lithosphere.  The high-T metamorphism and weakening, may lead to 
localization of deformation due to “regional” plate-related stresses.  
Isobaric terrains, such as the Churchill Province or the SW USA, 
provide special views of the deep and mid- crustal manifestation of 
thermal perturbations.  New data on the extent and detailed P-T-t 
history of these events are critical for evaluating their role in the 
evolution and ultimate stabilization of continents. 
 
VOLCANO HOT-SPOT MONITORING:  A ROBUST 
AUTOMATED REMOTE SENSING SYSTEM  

WILLIAMS-JONES, G., glynwj@sfu.ca, BREWER, K., 
Department of Earth Sciences, Simon Fraser University, Burnaby, 
BC, WRIGHT, R., PILGER, E., FLYNN, L., HARRIS, A.J.L., 
HIGP/SOEST, University of Hawaii, 2525 Correa Road, 
Honolulu, HI, USA, and ESCOBAR, R., Coordinadora Nacional 
para la Reduccion de Desastres, Avenida Hincapié 21-72, Zona 
13, Ciudad de Guatemala, Guatemala 

All volcanoes in North, Central and South America, the Caribbean and 
selected sites around the Pacific Rim and across Indonesia are currently 
automatically monitored for hot-spot activity by GOES weather 
satellites.  Of these volcanoes, 21 have been monitored near-
continuously for over 7 years at a very high temporal resolution (1 
image every 15 minutes).  This extensive dataset (available through 
http://goes.higp.hawaii.edu/) is a fundamental resource for baseline 
data to which shorter-term studies of volcanoes can be related.  A 
multitemporal analysis of this data is now being carried out in order to 
improve the automatic detection algorithm by fully characterising the 
highly variable background conditions (cloud cover, solar illumination, 
seasonal climate changes, etc.).  Once the non-volcanic background 
“behaviour” of a given pixel is fully constrained, any anomalous pixels 
will therefore be due to volcanic activity resulting in a substantially 
increased detection sensitivity and reliability.  Currently being tested on 
Fuego and a number of other persistently active Central American 
volcanoes, this algorithm minimizes the uncertainty due to the low 
spatial resolution (4 km pixel) while the high temporal resolution 
allows for the rapid accumulation of large, statistically valid, datasets.  
These temporally extensive remote sensing datasets, when integrated 
with ground-based observations, offer the potential to dramatically 
enhance the automatic monitoring of a large number of potentially 
hazardous volcanoes. 

 
FLOOD BASALTS OF THE SVERDRUP BASIN MAGMATIC 
PROVINCE, CANADIAN ARCTIC ISLANDS, NUNAVUT:  AN 
OVERVIEW  

WILLIAMSON, M-C.1, mwilliam@nrcan.gc.ca, MUECKE, 
G.K.2, gunter.muecke@dal.ca, VILLENEUVE, M.3, 
mvillene@nrcan.gc.ca, ZENTILLI, M.2, zentilli@dal.ca, LYON, 
S.A.2, salyon@dal.ca, ERNST, R.E.3 and BUDKEWITSCH, P.4, 
budkewit@nrcan.gc.ca,  1 Geological Survey of Canada 
(Atlantic), Bedford Institute of Oceanography, PO Box 1006, 
Dartmouth, NS, B2Y 4A2;  2 Dalhousie University, Halifax, NS, 
B3H 3J5;  3 Geological Survey of Canada, Ottawa, ON, K1A 0E8;  
4 Canada Centre for Remote Sensing, Ottawa, ON, K1A 0Y7 

The volcanic style and volume of magma erupted as flood basalts in the 
Sverdrup Basin Magmatic Province exposed on Axel Heiberg Island 
(SBMP; 10-20,000 km3) are similar to those of Columbia River basalts, 
in the western U.S.  In the Strand Fiord Formation (Late Albian-
Cenomanian), flood basalts attain a thickness in excess of 1 km.  By 
comparison, the estimated volume of sills and dykes exposed across the 
length of the Sverdrup Basin (long axis 1300 km) is an order of 
magnitude larger, and still poorly constrained.  Over the past 25 years, 
many authors have recognized that the attributes of the SBMP are 
similar to those of terrestrial flood basalt provinces associated with 
continental break up.  Stratigraphic and geophysical data acquired by 
the Geological Survey of Canada (GSC) during the 1980’s, for 
example, suggest that the emplacement of Cretaceous igneous rocks in 
the Sverdrup Basin was coeval with the development of the proto-
Arctic Ocean, and volcanism at the site of the Alpha Ridge. 
In this paper, we review previous interpretations of the magmatic and 
tectonic history of the SBMP in light of new data obtained since 1999 
through collaborative projects between the GSC and Dalhousie 
University.  New 40Ar/39Ar data (whole-rock) for 7 samples of basaltic 
lava flows, sills and dykes, support the existence of two distinctive 
episodes of basaltic magmatism (Barremian-Aptian and Late Albian-
Cenomanian), and the age-progressive character of rifting.  We 
compare the pattern of igneous and tectonic activity to that of linked 
basins formed in propagating continental rifts.  The geochronological 
data are consistent trace element and isotopic analyses for igneous 
rocks emplaced in the interval 95-92 Ma, that support the generation of 
parental melts from a single mantle source of plume-like character.  We 
use a Geographic Information System (GIS) to illustrate the potential 
for Ni-Cu-PGE mineralization in the Strand Fiord region of western 
Axel Heiberg Island, where basaltic magmas mixed with Carboniferous 
evaporites at depth.  The GIS integrates structural and geophysical data 
on salt domes with geochemical and geochronological data for igneous 
rocks, a digital elevation model, and earth observation data. 
 
PROVENANCE OF FLINT IN MIDDLE PALAEOLITHIC 
STONE TOOL INDUSTRIES IN THE VAUCLUSE (SOUTHERN 
FRANCE)  

WILSON, L.A., lwilson@unbsj.ca, and BAKER, C.J.G., 
Department of Physical Sciences, University of New Brunswick 
in Saint John, P.O. Box 5050 Saint John, NB, E2L 4L5, Canada 

The study of the raw materials used to make stone tools during the 
Middle Palaeolithic in the Vaucluse (southern France) is an on-going, 
long-term project.  Tool assemblages from several archaeological sites 
have been examined, with special attention being paid to two sites, the 
Bau de l’Aubesier and La Combette.  The Bau is a large rock shelter 
with thick stratified deposits containing several habitation levels.  La 
Combette is a smaller rock shelter that was used several times by small 
groups of people, probably as a short-term hunting camp.  At both sites, 
all lithic assemblages are predominantly composed of flint.  We report 
on several methods we are using to identify the provenance of the flint.  
First of all, we can divide the flint into broad age categories 
(Cretaceous, Tertiary) based on macroscopic appearance and some 
fossil content.  Within the Cretaceous flints, recent work has shown that 
a detailed study of the microfossil content makes it possible to classify 
sources into three geographic areas: North-west, North-east, and South.  
These areas correlate with different environments of formation, within 
an overall carbonate platform depositional environment.  We are also 
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looking at geochemical and isotopic data to corroborate and if possible 
fine-tune these attributions. 
One goal of our work is to determine as much as possible about flint 
from different sources in the region (more than 300 of which have been 
sampled so far), in order to determine how best to differentiate between 
them.  In this way, it will be easier to determine the sources of 
archaeological raw materials.  We plan to make this information 
available to other researchers through a GIS database.  The second goal 
of our work is of course to contribute to a better understanding of how 
prehistoric people actually used raw materials.  In what forms did they 
transport them?  What can the distribution of sources used tell us about 
the group’s territory and procurement strategies?  One new approach 
that we are using to determine this behaviour involves an evaluation of 
the caloric expenditure required to transport raw materials from various 
sources to the sites.  This depends on both the distance and the 
difficulty of the terrain crossed.  Our results show that differences in 
terrain ruggedness may indeed have had an influence on choices to use 
or transport flint from some sources. 
 
IMPACT OF NEMATODE FUNGIVORY ON 
MYCORRHIZAL/SEEDLING (PINUS STROBUS) 
MICROCOSMS  

WILSON, M.L., mwilson4@dal.ca, and ADL, S.M., Dalhousie 
University, 1355 Oxford Street, Halifax, NS, B3H 4J1 

The most essential process governing the flow of nutrients throughout 
the soil food web is decomposition.  Availability of limiting nutrients 
for forest autotrophs is controlled by heterotrophic organisms, 
specifically saprotrophs that aid in the mineralization of organic matter.  
Thus, aboveground forest ecosystems are dependant on the soil 
community and their ability to decompose organic matter.  The primary 
decomposers, capable of assimilating decomposing matter are mostly 
the bacteria and fungi microflora, where fungi are the main driving 
force in forests.  Although, fungal activity only affects the direct 
environment surrounding fungal hyphae, the mycelium can exploit 
large volumes of the environment and form intimate associations with 
surrounding plants and animals.  Therefore, the impact of fungi on 
forest ecosystems can be seen on a much larger scale. 
This study will focus on mycorrhization of Eastern White Pine (Pinus 
strobus); since this fungal association is crucial during early stages of 
seedling development it would be of value to determine the impact of 
fungivory on mycorrhization.  Through the use of new microscope 
microcosm techniques, nematode grazing rates can be evaluated non-
destructively.  Measurements of daily consumption can be quantified 
by calculating the ratio of nuclei to length of hyphae (mm) every day 
for a period of 5 days.  Grazing rates accumulated from an incremental 
series of grazing pressure on fungal hyphae will be used to obtain a 
functional response curve.  We will attempt to obtain a functional 
response curve for each nematode-fungus combination.  Greenhouse 
macrocosms with a combination of seedling, ectomycorrhizae and 
nematodes will be used to determine the impact of nematode fungivory 
on early mycorrhization of Pinus strobus.   Macrocosms will be 
incubated for 16 weeks under natural conditions.  At week 8, half of 
each treatment will be stressed with limited water supply to determine 
if there is a mycorrhizal advantage.  We expect to see a negative impact 
of nematodes on fungi as grazing removes fungal cell contents.  
Therefore, we should expect to see a negative association between 
increased grazing pressure and seedling biomass, as grazers will 
ultimately take away from the resources otherwise supplied to the plant 
through the fungal partner. 
Findings from this study will contribute valuable data towards the soil 
food web, in particular the fungal energy channel, while information on 
the grazing rate will attempt to provide a functional response model.  
This model can then be applied to natural populations of nematodes and 
ectomycorrhizae to determine the ecosystem effect of nematode 
grazing. 
 
ROLE OF PYROBITUMEN, HYDROCARBONS, AND 
GRAPHITE IN THE FORMATION OF ATHABASCA 
UNCONFORMITY-TYPE URANIUM DEPOSITS IN 
SASKATCHEWAN AND ALBERTA  

WILSON, N.S.F., STASIUK, L.D. and FOWLER, M.G., Natural 
Resources Canada, Geological Survey of Canada, 3303-33rd St. 
NW, Calgary, AB, T2L 2A7, nwilson@nrcan.gc.ca 

Solid hydrocarbons (pyrobitumen) are commonly associated with the 
ores from Athabasca Unconformity-type uranium deposits.  Previous 
research focused on determining the origin of the hydrocarbons 
(organic vs. inorganic) and whether pyrobitumen was important in the 
genesis and localization of the deposits.  Previous genetic models 
considered that pyrobitumen was formed during mineralization or a 
product of alteration of basement graphite that underlies many of the 
deposits. 
After the completion of petrographic and paragenetic studies, consistent 
relationships emerged between uranium mineralization and 
pyrobitumen.  In all cases uranium ores are crosscut, and included into, 
pyrobitumen indicating that pyrobitumen was introduced post-
mineralization and had no role in the localization of the deposits.  
Graphite flakes are also included within the later pyrobitumen and 
make graphite a temporally unlikely source for the pyrobitumen. 
Relative age relationships indicate that mineralization was overprinted 
by a petroleum event relatively early in the basins history.  Organic 
petrology and geochemical data from the Proterozoic Douglas 
Formation shales and Athabasca Group sandstones distal to uranium 
deposits have total organic carbon contents ranging from < 0.25 to 3.6 
wt % and consist mainly of kerogen and primary source rock solid 
pyrobitumen.  Spectral analysis of fluorescing crude oil inclusions 
(bright blue fluorescence) that occur in the Douglas Formation suggest 
that, under normal geothermal conditions, the temperatures of oil 
formation were likely on the order of ~ 100 to < 200 °C.  Similarly 
average vitrinite reflectance equivalent values of 1.4 %Ro for the 
Douglas Formation suggest maximum temperatures of ~ 160 to < 200 
°C.  Considering the level of thermal maturation of the Douglas 
Formation, its thickness and Rock Eval and organic petrology 
properties, the black shale intervals within this unit almost certainly 
generated Proterozoic aged petroleum.  Evidence for the expulsion and 
migration of this crude oil within Athabasca Group sandstones is 
supported by primary petroleum inclusions trapped in diagenetic 
cements. 
Younger ‘tarry’ bitumens are also present in and around the deposits 
but are not related to mineralization.  Geochemical biomarkers suggest 
derivation from Devonian to late Cretaceous hydrocarbon source rocks.  
In particular bitumens from the Maybelle River (AB) and Erica (SK) 
prospects show a biomarker distribution similar to that of Devonian-
Mississippian Exshaw black shales and the Fort McMurray tar sand 
bitumens. 
 
ARCHITECTURE AND MICROSTRUCTURE OF FAULT 
ZONES IN NEW BRUNSWICK:  IMPLICATIONS FOR UPPER-
CRUSTAL FAULT ZONE RHEOLOGY AND FLUID FLOW  

WILSON, P., g258a@unb.ca, and WHITE, J.C., Department of 
Geology, University of New Brunswick, PO Box 4400, 
Fredericton, NB, E3B 5A3 

Difficulties in modelling the complexity of natural geological situations 
in laboratory tests and problems in achieving laboratory strain rates 
comparable to geological strain rates place constraints on our 
understanding of the rheological behaviour of rocks.  Thus, it is useful 
to study natural examples of deformed rocks.  Recent field-based 
studies have shown that the introduction of calcite veins into fault 
zones may promote dislocation-mediated deformation and dynamic 
recrystallisation at lower temperatures than would be expected from 
experimental studies.  In order to test this proposition, this study 
examines shallow fault zones with associated precipitated calcite in the 
Late Devonian-Carboniferous Maritimes Basin of southern New 
Brunswick.  Fault zone architecture is examined through field study of 
well-exposed fault zones, and microstructures are examined using thin 
and ultrathin sections.  Four faults are examined; the Quaco Head, 
Rogers Head, Harvey Hopewell and Dennis Beach faults.  Stratigraphic 
arguments suggest that none of the faults have ever been buried deeper 
than 3 km, and therefore have experienced ambient temperatures of less 
than 100°C during deformation. 
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Of the faults examined, only one, the Harvey-Hopewell Fault, shows 
significant microstructural evidence of dislocation-mediated 
deformation and dynamic recrystallisation of calcite veins.  Calcite 
from the other faults examined shows low-intensity twinning and some 
evidence of interface mobility.  From study of the architecture and 
microstructures of the fault zones, we suggest that there are three 
conditions for the introduction of calcite veins to enhance dislocation-
mediated deformation and dynamic recrystallisation.  Firstly, the 
precipitated calcite must be relatively coarse-grained; if the calcite is 
fine-grained (as in, for example, a releasing bend), then Hall-Petch 
back-stresses are likely to inhibit dislocation movement.  Secondly, the 
introduction of calcite veins must weaken the fault zone relative to its 
wall rocks.  If the wall rocks or damage zone of a fault are being 
weakened by fault-related processes (for example, reaction weakening), 
then deformation may migrate into the damage zone rather than 
concentrating in calcite veins in the fault core.  Thirdly, calcite-bearing 
fluids must be able to access the fault zone in the first place.  If 
permeability is reduced to very low levels through porosity collapse 
sealing in the fault core, fluids may be unable to permeate the core zone 
of the fault, leading to continued deformation through cataclasis.  The 
implications of this for crustal fault sealing and fluid migration will be 
discussed. 
 
THE CLEMENTINE WEST PROSPECT – A NEW BASE 
METAL OCCURRENCE IN THE BUCHANS GROUP, 
BUCHANS CAMP, NEWFOUNDLAND  

WILTON, D.H.C., Department of Earth Sciences, Memorial 
University, St. John’s, NL, A1B 3X5, WINTER, L.S., 
Cornerstone Capital Resources Inc., P.O. Box 668, Mount Pearl, 
NL, A1N 2X1, and TUACH, J., Buchans River Ltd., Suite 203, 
12 Gleneyre Street, St. John's, NL, A1A 2M7 

The Clementine West prospect is located approximately 7 km west of 
the Lucky Strike orebody at Buchans.  Drilling at the prospect by the 
Buchans-Billiton Joint-Venture intersected semi-massive zones of 
sphalerite and galena, most spectacularly developed within pillow 
interstices and pillow rims.  Iron formation and cherty sedimentary 
horizons are located stratigraphically above the base metal horizons.  
The sulphide mineralization is associated with strong chloritization and 
Ba is also enriched.  Pb isotope data for galena separates exactly match 
the data generated previously for the Buchans deposits including Lucky 
Strike, Oriental, Clementine, McLean, etc., and are different from 
galenas in other prospects in the region including Mary March, Connel 
Option, etc.  In terms of alteration assemblages, lithological contexts 
and pronounced volcanic bimodality, the Clementine West prospect 
also resembles the Buchans deposits.  Volcanic rocks at the prospect 
are, however, unlike those at the Buchans ore bodies, in that they are 
tholeiitic to mildly calcalkaline compared to the pronounced 
calcalkalinity at the Buchans deposits.  The prospect exhibits features 
of a proximal volcanic and hydrothermal setting, and constitutes an 
attractive new exploration target in the Buchans camp. 
 
EXAMINATION OF Ni CONTENTS IN PYRRHOTITE VS. 
TROILITE FROM THE VOISEY’S BAY DEPOSITS  

WILTON, D.H.C., SHAFFER, M., HUMINICKI, M.A.E., 
SYLVESTER, P.J., Department of Earth Sciences, Memorial 
University of Newfoundland, St. John’s, NL, A1B 3X5, 
dwilton@esd.mun.ca, and EVANS-LAMSWOOD, D., Voisey’s 
Bay Nickel Company Ltd., 10 Fort William Place, St. John’s, NL, 
A1C 1K4 

In processing of ore from the Voisey’s Bay Ni-Cu-Co deposit, the 
dominant sulfide mineral pyrrhotite is rejected.  The pyrrhotite can 
contain up to 0.71% Ni and a significant quantity of Ni may be lost to 
the recovery process.  The pyrrhotite at Voisey’s Bay is a hexagonal 
variety which contains variable amounts of troilite exsolution with 
pyrrhotite and troilite containing different Ni contents.  The objective 
of this project is to examine pyrrhotite (Po) and troilite (Tr) 
intergrowths and determine the relative nickel contents in the two 
phases in order to better predict ore recoveries.  Analytical techniques 
used were: 1) petrography to classify the textures and intergrowths, 2) 
mineral chemistry by electron microprobe (EMP) to determine Ni 

contents in Po and Tr, and 3) image analysis of back scatter electron 
(BSE) images to calculate the proportions of Po and Tr present in the 
each polished section.  For each section, four square quadrants were 
randomly chosen and 25 EMP analyses were conducted for Fe, Ni and 
S contents; the 100 resultant analyses were combined and average 
values calculated.  BSE images were taken of the quadrants which were 
subsequently loaded into a free-ware image analysis program and Tr 
concentrations were calculated. 
Results indicate that the more troilite present in a sample, the lower the 
average Ni content of the pyrrhotite.  This is to be expected since 
troilite contains less Ni than hexagonal pyrrhotite in this deposit.  The 
data from the Discovery Hill Zone show that: 1) Po with no exsolved 
Tr contains 0.53-0.56% Ni, 2) Po with 3-4% exsolved Tr contains up to 
0.33% Ni, and 3) Po with 12-26% exsolved Tr contains 0.18-0.23% Ni.  
Tr exsolution is particularly well-developed in massive Po that also 
exhibits deformation lamellae and also contains minimal pentlandite 
exsolution.  In the Reid Brook Zone, there is generally much less Tr 
present.  For samples with no troilite exsolution lamallae, Ni contents 
in Po range from 0.30-0.66%.  In samples with 6.9-12.6% Tr, the Ni in 
Po contents range from 0.20-0.45%.  One sample contained Po without 
Tr, but there were two ranges of Ni contents present in the Po as 0.51-
0.71% Ni and 0.32-0.45%. 
 
METHYLMERCURY PRODUCTION AND TRANSPORT 
FROM HISTORICAL GOLD MINE TAILINGS IN NOVA 
SCOTIA  

WINCH, S., swinch@science.uottawa.ca, FORTIN, D., Dept. of 
Earth Science, University of Ottawa, Marion Hall, 140 Louis 
Pasteur, Ottawa, ON, K1N 6N5, LEAN, D.R.S., Dept. of 
Biology, University of Ottawa, Room 325 MacDonald Hall, 150 
Louis Pasteur, PO Box 450, Station A, Ottawa, ON, K1N 6N5, 
and PARSONS, M.B., Natural Resources Canada, Geological 
Survey of Canada (Atlantic), 1 Challenger Dr. (PO Box 1006), 
Dartmouth, NS, B2Y 4A2 

This study examines the potential for methylmercury (MeHg) produced 
in Nova Scotia gold mine tailings to be transported to downstream 
waters.  Between 1861 and the mid-1940s, stamp milling and mercury 
amalgamation were used to recover gold at most of the 64 gold mining 
districts in the province.  In the present study, six sites were sampled 
over two periods: in September 2003, samples were collected from two 
sites at Lake Catcha and two at Lower Seal Harbour (LSH); in May 
2004, we resampled the two sites at LSH, and collected samples from 
Upper Seal Harbour and First Pond (upstream and downstream of LSH, 
respectively).  Depth profiles of MeHg, total Hg (HgT) and related 
parameters (pH, Eh, sulfate, sulfide, loss on ignition, Fe(II)) were 
compiled for tailings and porewaters.  Since sulfate reducing bacteria 
(SRB) are known to methylate Hg, geochemical data were compared 
with sulfate reduction rates (SRR) and SRB abundance, as determined 
by the most-probable-number method.  Nearby surface waters were 
analyzed for MeHg, HgT, pH, Eh and dissolved organic carbon.  
Methylmercury concentrations ranged from 17 to 11,300 ppt in tailings.  
Sulfate and organic carbon were generally low, pH ranged from 4.55 to 
7.27, and SRB were present at all sample sites.  At locations where 
HgT was less than ~ 0.5 ppm, MeHg tended to follow HgT profiles at a 
ratio of ~ 1:1000.  When HgT concentrations were much higher (ppm 
levels), the ratio of MeHg to HgT in the tailings was lower by 1-2 
orders of magnitude.  These large differences are attributed to 
demethylation by Hg-resistant bacteria, which are known to dominate 
microbial communities where HgT concentrations are extremely 
elevated.  A notable exception to this trend is at lower depths and bog-
type sites where HgT reached values up to 5 ppm and the ratio of 
MeHg to HgT was as high as 1:10.  In these environments, the tailings 
are likely saturated year-round, suggesting that demethylation 
processes are inhibited under reducing conditions.  Concentrations of 
HgT and MeHg in porewaters were generally low in comparison with 
solid-phase HgT and MeHg concentrations in the same samples, and 
nearby surface water concentrations were lower still.  Organic material 
clearly influences MeHg concentrations in wet tailings, but is not the 
sole cause of MeHg and HgT retention in solid phases.  These results 
indicate that gold mine tailings in Nova Scotia can contain high 
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concentrations of HgT and MeHg, but transport to downstream waters 
is limited. 
 
EVIDENCE FOR CRUSTAL-SCALE DELAMINATION OF 
GANDER BASEMENT FROM COVER BY TECTONIC 
WEDGING OF THE AVALON TERRANE, SOUTHERN NEW 
ENGLAND  

WINTSCH, R.P., Department of Geological Sciences, Indiana 
University Bloomington, IN 47405, wintsch@indiana.edu, 
ALEINIKOFF, J.N., UNRUH, D.M. , U.S. Geol Survey, MS 964, 
Denver Federal Center, Denver, CO 80225, and WALSH, G., 
U.S. Geol Survey, Federal Bldg., P.O. Box 628, Montpelier, VT 
05601 

New isotopic compositions of rocks and SHRIMP U-Pb ages of zircons 
from southeastern New England allow discrimination of Gander and 
Avalon terranes.  Limited whole-rock Nd and Pb isotopic data from 
~585-605 Ma orthogneisses of the Avalon terrane (central Connecticut) 
show epsilon Nd of ~5 and 207Pb/204Pb of ~15.59.  These values suggest 
a relatively primitive, depleted source for these granodioritic rocks, and 
strengthen the (already strong) correlation of these rocks to the Avalon 
zone of eastern Newfoundland.  In contrast, ~620 Ma orthogneisses in 
the core of the Lyme dome (coastal Connecticut) have initial Nd and Pb 
values near 0 and 15.65, respectively, reflecting an older crustal 
component for these granitic and granodioritic rocks.  These isotopic 
compositions are indistinguishable from those of igneous rocks of the 
Gander zone in central Newfoundland, to which we tentatively 
correlate the rocks of the Lyme (and Clinton) domes.  The boundary 
between these terranes now contains the strongly deformed Hunts 
Brook fault zone, a belt of migmatitic middle to late Paleozoic 
metasedimentary rocks.  SHRIMP ages of some detrital zircons 
indicate deposition ages of Silurian to Carboniferous. Paleo-, Meso-, 
and Neoproterozoic detrital fractions suggest a peri-Gondwanan 
provenance.  The reassignment of Lyme dome rocks to the Gander 
zone is tectonically significant.  In southern New England, rocks of the 
Putnam-Nashoba, Merrimack, and Central Maine blocks are in fault 
contact with the Avalon terrane, while in Maritime Canada similar 
rocks are cover sequences to Gander basement.  The new identification 
of Gander zone rocks in the Lyme dome places the Avalon terrane in a 
Gander sandwich, where Avalon separates Gander cover and basement.  
Thus, the final docking of the Avalon terrane to this part of North 
America seems to have involved tectonic wedging of Avalon rocks into 
the Gander zone.  New geochronological data suggest that this wedging 
(delamination of Gander) began in the Early Carboniferous and 
continued into the Permian with shortening and heating of both Avalon 
and Gander basement.  These latter processes culminated in the latest 
Paleozoic with the folding of the Gander-Avalon terrane boundary 
forming the Lyme (and other) domes, and finally tilting all rocks to the 
north that allowed these unusually deep and high grade rocks to be 
exhumed. 
 
ENVIRONMENTAL MERCURY CONTAMINATION ARISING 
FROM MERCURY-CONTAINING ELECTRONIC 
COMPONENTS IN SOUTHEAST ASIA  

WONG, C.S.C., cobywong@hotmail.com, DUZGOREN-
AYDIN, N.S., AYDIN, A., The Department of Earth Sciences, 
The University of Hong Kong, Pokfulam Road, Hong Kong SAR, 
and WONG, M.H., Croucher Institute for Environmental 
Sciences, Hong Kong Baptist University, Kowloon Tong, Hong 
Kong SAR 

Mercury and its compounds are highly toxic to human and biological 
organisms.  Its contamination of the environment can result in both 
adverse ecological damage and long-term human health consequences.  
Mercury is predominantly in gaseous and vapour phases in the 
atmosphere with a long atmospheric residence time and capable of 
long-range transport.  Hence, environmental Hg contamination is not 
only a regional issue but also a global concern.  In recent years, there is 
a mounting concern over the disposal of electronic waste.  It was 
estimated that, between 1997 and 2004, 315 million computers would 
be discarded.  By 2005, one computer will become obsolete for every 
new one put on the market.  Approximately 22% of the yearly world 

consumption of Hg is used in electronics.  The fact that e-waste 
contains a variety of toxic and potentially toxic metals, including Hg 
and Pb, makes proper and safe disposal particularly challenging.  It 
becomes a serious environmental and health issue in developing 
countries in Southeast Asia, such as China, who received electronic 
waste from developed affluent countries.  In one Chinese village where 
e-waste has been disposed of manually and primitively for over 10 
years, environmental quality is reportedly severely degraded.  
Nonetheless, no official scientific assessment of the village has been 
conducted to evaluate the severity of environmental contamination.  
This study presents the preliminary result of its environmental quality 
with respect to Hg distribution in the area. 
 
SHORT-RANGE ENVIRONMENT IN OMPHACITE - STUDIED 
BY 29Si MAS NMR  

WU, J., jwu59@uwo.ca, and FLEMMING, R.L., Dept. of Earth 
Sciences, University of Western Ontario, London, ON, N6A 5B7 

NMR spectra are primarily sensitive to short-range effects and they can 
be highly quantitative, with signal intensity equivalent to the abundance 
of a nuclide in a given structural site.  In chain silicates, such as 
pyroxene, 29Si chemical shift is sensitive to Al substitution in both the 
tetrahedral and octahedral sites.  Interpretation of 29Si MAS NMR 
spectra of aluminous pyroxenes has been problematic because Al 
substitution at the tetrahedral site deshields Si (producing a less 
negative chemical shift), while Al substitution at the octahedral site 
shields Si (producing a more negative chemical shift), resulting in 
severe peak overlap.  In omphacite 
{Ca2+}[Mg2+](Si)2O6{Na+}[Al3+](Si)2O6 ( where {}, [ ] and ( ) indicate 
8,6 and 4-coordinated sites respectively), however, Al enters the 
octahedral site only, thus eliminating the peak overlap problem and 
clarifying the interpretation of 29Si MAS NMR spectra of aluminous 
pyroxenes.  In order to study omphacite solid solution systematically, 
seven ‘omphacites’ of various compositions (Di, Di0.8Jd0.2, Di0.65Jd0.35, 
Di0.5Jd0.5, Di0.35Jd0.65, Di0.2Jd0.8, Jd) across the diopside-jadeite solid 
solution have been synthesized (at 3.5 GPa and 1000ºC for 3 hr) and 
characterized by powder X-ray diffraction (XRD), electron probe 
microanalysis (EPMA), and magic angle spinning nuclear magnetic 
resonance spectroscopy (MAS NMR).  29Si MAS NMR spectra were 
acquired at 9.4 Tesla, using a 60 s relaxation delay between pulses (at 
30º tip angle) to ensure quantitative peak intensities.  29Si MAS NMR 
spectra of intermediate compositions across the solid solution reveal 
two broad resonances, at -85.52ppm and -90.46ppm for the intensities 
vary systemically with composition.  The intensity is interpreted to be 
due to Al3+ and Mg2+ on octahedral chain in omphacite structure.  This 
may also give insight into Ca2+/Na+ order-disorder on the 8-coordinated 
sites. 
 
ALONG-STRIKE VARIATION IN CRUSTAL STRUCTURE 
OFFSHORE NOVA SCOTIA  

WU, Y., Earth Sciences, Dalhousie University, Halifax, NS, B3H 
3J5, wuyue@phys.ocean.dal.ca, FUNCK, T., Geological Survey 
of Denmark and Greenland, Øster Voldgade 10, 1350 
Copenhagen K, Denmark, LOUDEN, K.E., Oceanography, 
Dalhousie University, Halifax, NS, B3H 4J1, DEHLER, S.A. and 
JACKSON, H.R., Geological Survey of Canada, Dartmouth, NS, 
B2Y 4A2 

The continental margin off Nova Scotia marks a transition from 
volcanic margins to the south to non-volcanic margins to the north.  To 
understand what controls the volcanic to non-volcanic margin 
transition, we collected three refraction seismic profiles across the 
southern, central and northern part of the margin in 2001.  The resulting 
velocity models show that most of the Nova Scotia margin is non-
volcanic, except for the southernmost part near Georges Bank where 
igneous underplated material and seaward dipping reflector sequences 
indicative of volcanic overflows are observed.  This is consistent with 
the major decrease in amplitude from 350 nT to ~180 nT for the East 
Coast Magnetic Anomaly (ECMA) just north of the southern margin 
segment.  However, significant along-strike variations in crustal 
structure still occur between the central (the Lahave Platform) and 
northern margin (the Sable Basin) segments.  First, the margin presents 
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different patterns of syn-rift crustal thinning.  The continental crust 
across the central margin segment underwent an initial thinning of 5-6 
km over the outer shelf, followed by a rapid thinning to ~5 km seaward 
of the shelf break.  In comparison, the crustal thinning for the northern 
margin appears to be a dramatic initial thinning of ~22 km just seaward 
of hinge line and a subsequent small amount of extension to the deep 
basin.  The different patterns of crustal thinning explain the 
depositional contrast between the Lahave Platform with little 
sedimentation and the deep Sable Basin with up to 18 km thick 
sediments.  Secondly, the rift-to-drift transition indicates a northward 
decrease of melt generation.  Across the central margin, the ocean-
continent transition zone consists of a partially serpentinized mantle, 
overlain by highly faulted continental and initial oceanic crust, with 
normal thickness (ca. 6-8 km) of oceanic crust observed further 
seaward.  In contrast, the northern margin is characterized by a 70-km-
wide transition zone of exposed and highly serpentinized mantle and a 
much thinner than normal oceanic crust (ca. 4 km thick).  This suggests 
a northward decrease of magma supply during the initial phase of 
seafloor spreading along the non-volcanic margin.  Furthermore, the 
northeastward extension of the ECMA along the central and northern 
Nova Scotia margin is related with the landward extent of the partially 
serpentinized transitional region. 
 
PLATE TECTONICS AND FOAMIES  

WYNNE, P.J., Geological Survey of Canada, 9860 West Saanich 
Road, Sidney, BC, V8L 4B2, jwynne@nrcan.gc.ca 

With two thin blue foamies and a piece of 10 cm thick foam rubber you 
can demonstrate all the main principles of plate tectonics - the 
circulation of the mantle moving plates, the three different types of 
plate margins, magnetic striping of the ocean floor and the systematic 
increase in age of the ocean floor away from spreading ridges.  The 
foamies will be used to model the dynamic plate tectonic setting of the 
west coast of Canada.  This exercise is a kinesthetic approach to plate 
tectonics that works for students in grades 3 to 12. 
 
THE COOLING HISTORY OF THE TANZAWA TONALITC 
COMPLEX  

YAMADA, K., kunimi@terra.kueps.kyoto-u.ac.jp, TAGAMI, T., 
Kyoto University, Kyoto 606-8502, Japan, and FARLEY, K.A., 
CIT, CA 91125, USA 

The South Fossa Magna region is an active arc-arc collision zone that 
occurred by the TTT-type triple junction.  One of its features is repeats 
of island collision and migration of the plate boundary.  It is important 
to identify the uplift and denudation history to understand topographic 
changes and tectonics caused by such collisions.  Radiometric dating 
thermochronology on rocks that are exposed after intrusion and 
collision is an effective method to understand such histories on the 
geological timescale.  Recent studies pointed out that the collision of 
the Izu block (IB) uplifted the Tanzawa block (TB).  However, the 
cooling history is not clearly understood because the ages (mostly K-
Ar) are highly variable from the Tanzawa pluton (TP), at the center of 
TB. The objective of this study is to reconstruct the denudation history 
of TB based on the cooling history obtained from (U-Th)/He and FT 
method, whose closure temperatures are relatively low. 
The history of TB is known from paleontological and sedimentological 
studies. The intrusion of TP occurred at 15-16Ma, the collision with the 
Honshu arc at ~6Ma, wide exposure of TP at ~2Ma, then the onset of 
collision of IB at ~1Ma.  We sampled rocks from the eastern part of TB 
to avoid thermal effects of Quaternary volcanoes. 
We measured two (U-Th)/He ages for each sample and here consider 
only the samples which yielded reproducible ages.  There is no 
systematic spatial distribution of (U-Th)/He ages.  The spatial 
distribution of FT ages has not yet been established, although ages of 
fission-track for zircons vary outside of analytical error.  The 
negatively skewed distribution of confined fission-track lengths in the 
zircons suggests monotonic slow cooling. 
Mean ages were 2.0±0.2Ma (AHe), 3.3±0.1Ma (ZHe), 4-7Ma (ZFT), 
and thus, the average cooling rates were calculated at 85°C/Ma 
between ~6-2Ma, 30°C/Ma between 2-0Ma respectively. 

Although the paleothermal gradient is poorly known in TB, the 
denudation rates were calculated at 1.6-2.8mm/y between ~6-2Ma, 0.6-
1mm/y between 2-0Ma assuming that the present gradient for the past.  
The result shows decrease of denudation rate after ~2Ma, in spite of the 
collision of IB at ~1Ma. 
 
THE IMPACTS OF NO-TILL ON SOIL ORGANIC CARBON 
SEQUESTRATION:  INFLUENCE OF SOIL SAMPLING 
DEPTH  

YANG, X.M., yangx@agr.gc.ca, DRURY, C.F., Agriculture & 
Agri-Food Canada, Harrow, ON, N0R 1G0, WANDER, M.M., 
University of Illinois at Urbana-Champaign, Illinois, 61801, 
USA, and KAY, B.D., University of Guelph, Guelph, ON, N1G 
2W1 

We measured soil organic carbon (SOC) to 30 cm depths in three long-
term tillage trials in North America to determine the influence of 
sampling depth on SOC sequestration.  One trial was conducted on a 
Brookston clay loam in Woodslee, Ontario, the second on a Woolwich 
silt loam in Guelph, Ontario, and the third on a Thorp silt loam in 
Urbana, Illinois.  All three trials included a NT and moldboard plow 
(MP) tillage comparison.  No-till resulted in significantly higher SOC 
concentrations in the top 5 cm compared to MP for all three soils.  The 
Woolwich soil had similar SOC with NT and MP below 5 cm and NT 
sequestered more C (3.3 t C ha-1 in the 0-10 cm layer) than MP.  Both 
the Brookston and Thorp soils had greater SOC concentrations with NT 
than MP for both the 0-5 cm and the 5-10 cm depths.  However MP had 
greater C levels in the 10 to 20 cm depth for the Brookston soil and for 
the 20-30 cm depth for the Thorp soil.  Hence NT did not sequester 
more SOC than MP in the Brookston and Thorp soils when the 
depleted SOC contents in subsurface soils were considered.  These 
results suggest that the comparison of tillage practices for SOC 
sequestration should not only focus on surface soil (such as 5 to10 cm) 
but all soil depths in the plow layer should be included when significant 
differences in SOC levels exist.  However, this sampling depth varies 
with soil type, location and/or management practices.  The coefficients 
of variation (CV) of SOC were also found to increase dramatically 
below the plow layer (about 20 cm) for soils in two Canadian studies 
which indicates additional subsamples are required to accurately 
estimate the mean values with acceptable confidence intervals. 
 
DEVELOPMENT OF A CANADIAN AGRICULTURAL 
NITROGEN BUDGET MODEL (CANB V2.0)  

YANG, J.Y.1, yangj@agr.gc.ca, DE JONG, R.1, DRURY, C.F.2, 
HUFFMAN, E.1, KIRKWOOD, V.1 and YANG, X.M.2,  1 Eastern 
Cereal and Oilseed Research Center, Agriculture and Agri-Food 
Canada, 960 Carling Avenue, Ottawa, ON, Canada, K1A 0C6;  2 

Greenhouse and Processing Crops Research Centre, Agriculture 
and Agri-Food Canada, 2585 County Rd 20, Harrow, ON, 
Canada, N0R 1G0 

A standardized Canadian Agricultural Nitrogen Budget (CANB v2.0) 
model was developed to calculate the indicators Residual Soil Nitrogen 
(RSN) and Risk of Water Contamination by Nitrogen (IROWCN).  
This paper presents improvements and progress towards simulating the 
indicators at the national Soil Landscape of Canada (SLC) scale. 
The CANB v2.0 model contains three modules: i) the RSN module 
which calculates Residual Soil Nitrogen at the SLC polygon scale for 
each of census year from 1981 to 2001.  Compared to CANB v1.0, a 
major improvement is the harmonization of methods used to calculate 
RSN in Eastern- and Western Canada.  RSN is calculated as the 
difference between all N inputs and all N outputs ii) the IROWCN 
module uses the RSN output to calculate the amount N lost from the 
soil (Nlost), and its concentration in the leached water (Nconc).  Using 
daily weather data, the IROWCN module calculates accumulated 
precipitation minus potential evaporation (P-PE) values during the non-
growing season (September 1 - March 31) for each year from 1979 to 
2003.  These over-winter (P - PE) values are then used to calculate Nlost 
and Nconc for 4 years centered around the census year.  iii) a SCALING 
module aggregates and classifies the results from the SLC level up to 
regional, provincial and national levels.  In addition, graphics and 
summary statistics are provided using EasyGrapher v2.0. Mapping of 
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RSN and IROWCN is processed using SLC mapping tool.  An 
EasyDate program was developed to manipulate and format the input 
data from the various databases. 
The main data inputs are the acreages of all major agricultural crops 
and their associated yields, as well as the type and number of livestock.  
This information is obtained from the Census of Agriculture and is 
reconfigured to the SLC scale.  Various coefficients and assumptions, 
based on experimental values and expert opinion, are incorporated in 
the calculations.  The model has the capability to test various policy 
scenarios as generated with the economic CRAM model. 
 
SPATIAL AND TEMPORAL SCALES IN SOIL NITROUS 
OXIDE EMISSION VARIABILITY FROM A HUMMOCKY 
TERRAIN  

YATES, T., yates@sask.usask.ca, SI, B. and PENNOCK, D., 
University of Saskatchewan, 51 Campus Drive, Saskatoon, SK, 
S7N 5A8 

The high spatial and temporal variability of soil nitrous oxide emissions 
leads to large uncertainty in yearly estimates and makes validation of 
model predictions difficult.  An understanding of how the variability in 
soil nitrous oxide emissions is distributed over a range of spatial scales 
and how this distribution changes by location and time is essential to up 
scaling with the least amount of uncertainty.  On a hummocky, 
agricultural landscape in the Dk. Brown soil zone of Saskatchewan, soil 
nitrous oxide flux measurements were collected along a 128 point 
transect at 8 times during the spring and growing season of 2004.  
Wavelet analysis was used to partition the variance over a range of 
spatial scales, by location, for each sampling date.  The results indicate 
that the pattern of wavelet variance in soil N2O emissions along the 
transect changes between sampling dates and identifies key scales of 
variability. 
 
ELECTRICAL CONDUCTIVITY OF LIME 
NEUTRALIZATION SLUDGE:  IMPLICATIONS FOR 
MONITORING REMEDIATION EFFORTS AT FIRE ROAD 
MINE  

YEOMANS, T., BUTLER, K.E., Dept. of Geology, University of 
New Brunswick, PO Box 4400, Fredericton, NB, E3B 5A3, 
kbutler@unb.ca, and COLEMAN, M., NB Coal Limited, Minto, 
NB, E4B 3V1 

Handling the large volumes of lime neutralization sludge produced by 
the treatment of acid rock drainage (AMD) is a significant and costly 
liability for the mining industry.  At the Fire Road strip mine in central 
New Brunswick, concern over the growing area required for sludge 
storage prompted NB Coal Limited to begin, in 1992, disposing of 
sludge onto the acid-generating waste rock that had been used to 
backfill the abandoned cut.  It was anticipated that sludge might also 
plug void space within the waste rock thereby reducing the downward 
diffusion of oxygen and production of AMD.  The practice of 
relocating sludge to the waste rock may be partially responsible for the 
general improvements in mine water quality over the past 13 years.  
Until recently however, there has been no way, apart from trenching, to 
determine where sludge migrates and ultimately resides after it 
infiltrates below the porous waste rock surface. 
In 2004, an EM31 terrain conductivity survey of the mine site revealed 
that it was possible to locate sludge in the subsurface and trace its 
lateral migration by mapping spatial variations in apparent 
conductivity.  We speculate that the elevated apparent conductivities 
observed over former areas of sludge deposition are caused by the 
presence of moist conductive sludge in the void space above the water 
table.  Sludge may also be filling void space below the water table and 
thereby displacing conductive AMD waters, although we would not 
expect that to have as great an impact on measurements of shallow 
apparent conductivity. 
We present laboratory column experiments that are being carried out to 
determine the electrical conductivity of lime neutralization sludge, its 
dependence on moisture content, and how it compares to the 
conductivity of groundwaters within the backfilled mine.  The columns 
are equipped with multiple electrodes along their length and are left 

open at the top in hopes of measuring conductivity variations 
associated with an evaporative drying process similar to that which 
occurs in the vadose zone.  The experimental results will be helpful for 
constraining interpretation of apparent conductivity and resistivity 
imaging surveys that have been carried out on the site and will help to 
determine whether such surveys may be used in a quantitative way to 
help assess the effectiveness of sludge applications as a remediation 
tool. 
 
ORDOVICIAN FOSSIL JELLYFISH (SCYPHOZOA) FROM 
MANITOBA  

YOUNG, G.A., gyoung@manitobamuseum.ca, DOBRZANSKI, 
E.P., ROBSON, S. and THOMPSON, D.P., Manitoba Museum, 
190 Rupert Ave., Winnipeg, MB, R3B 0N2 

The soft gelatinous bodies of jellyfish (scyphozoan medusae) make 
them among most ephemeral of creatures, and they are very rare in the 
fossil record.  There are only a few well-documented sites for the whole 
of the Paleozoic Era.  This study describes fossils collected in 2004 
from a single thin horizon at a newly recognized locality in central 
Manitoba.  This locality, of latest Ordovician age, is assigned to the 
Stonewall Formation. 
The fossilized medusae occur along one or two clay partings in a soft 
fine-grained argillaceous dolostone, which has a character suitable for 
the preservation of very fine details.  Diameters of these medusae range 
from 22 mm to more than 40 mm.  The two best fossils show 
remarkable preservation, comparable to that of the best fossil medusae 
of any age:  they look similar to beached jellyfish on a modern shore.  
The finest specimen is subcircular and three dimensional, with structure 
preserved on both part and counterpart surfaces.  A partly pyritized 
quadrate structure at the axis includes a possible manubrium and 
radiating structures.  Four distinct oral arms surround this structure.  
The margin of the bell is clearly defined, with a series of wrinkles 
parallel to the margin.  The second best specimen has a very similar 
well-defined, wrinkled bell margin.  Its central structure is less well 
preserved, but is also pyritized and thickened, with radiating structures.  
There are several other specimens having gradationally poorer 
preservation. 
The total thickness of the horizon that yielded the medusae is only 2-4 
cm.  Associated fossils include common conodonts, abundant lingulid 
brachiopods, and rare arthropods.  Macrofossils are clustered at 
particular sites within this horizon.  The preservation of unusual 
arthropods at this locality is consistent with the extraordinary 
preservation of medusae.  This horizon, along with the strata 
immediately above and below it, has features consistent with deposition 
in very shallow subtidal or intertidal conditions, possibly in a lagoonal 
setting.  Features present in this succession of strata include large halite 
moulds and moulds of probable salt crystal lattices, possible 
cyanobacterial mats, and ripples. 
 
MESOZOIC THROUGH CENOZOIC EVOLUTION OF THE 
CENTRAL SCOTIAN SLOPE BASIN, OFFSHORE EASTERN 
CANADA  

YOUNG, J.L., Petro-Canada, 150 - 6th Avenue SW, Room 
2579W, Calgary, AB, T2P 3E3, jeyoung@petro-canada.ca, 
ENACHESCU, M.E., CALON, T.J., Department of Earth 
Sciences, Memorial University, PPSC, St. John's, NL, A1B 3X5, 
and PULHAM, A.J., Earth Science Associates, Boulder, Colorado 

The continental shelf and slope of Nova Scotia is underlain by a 
number of interconnected rift sub-basins that collectively form the 
Scotian Basin.  Petroleum exploration companies have been moderately 
successful on the shelf region of the basin, close to Sable Island, where 
several significant hydrocarbon discoveries have led to the 
development of Sable Project.  This success has sparked interest in 
exploration of the adjacent frontier slope region in water depths up to 
3000m.  However, the Scotian Slope Basin has been the focus of only 
limited regional and academic geologic studies.  Present accounts of the 
slope are largely extrapolated from shelf descriptions and/or modeled 
after play types and depositional systems typically associated with deep 
water exploration in other Atlantic margin areas. 
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Within the central region of the Scotian Basin, the Sable sub-basin and 
adjacent slope provide an excellent opportunity for analysis of the 
Scotian Slope.  A discrete study area was defined for this project and 
used to conduct a seismic stratigraphic and structural analysis.  The 
study area lies within the central slope region approximately 125 
kilometres southwest of Sable Island, is approximately 120 square 
kilometres and contains five slope exploration wells, three shelf wells 
and 4 500 kilometres of 2D seismic data. 
Ten seismic stratigraphic sequence boundaries have been defined on 
the basis of reflection character and termination patterns.  These 
sequence boundaries divide the Mesozoic through Cenozoic Scotian 
Slope Basin fill into nine depositional sequences that record the 
tectonic, structural and halotectonic evolution of the basin. 
Key results of this study include the recognition of five fault families 
on the basis of their regionality, duration of movement and depths of 
detachment; (1) the Slope Basin-Bounding Fault Family, (2) the 
Basement-Involved Fault Family, (3) the Listric Growth Fault Family, 
(4) the Major and Minor Sedimentary Fault Family and (5) the 
Halokinetically Induced Fault Family.  A sixth fault family, (6) the 
Transfer Fault Family, is implied by local structural and stratigraphic 
architecture, however, the mark of this fault system is not clear enough 
on the available seismic data to allow for confident mapping. 
Salt structures in the project area have strong similarities to those 
described in comparable passive margin areas.  Five halotectonic 
structural associations with variable areal distributions have been 
identified; (a) the Trough and Swell Association, (b) the Intra-Salt 
Detachment Association, (c) the Diapiric Association, (d) the 
Secondary Weld Association, and (e) the Allochthonous Salt 
Association. 
The integration of seismic stratigraphic, structural and halotectonic 
analysis has implications for the Scotian Slope petroleum system.  The 
most pertinent to this study is the relative timing of sedimentation, salt 
movement and tectonic and structural trap formation with consequence 
for hydrocarbon migration and accumulation. 
 
STRUCTURAL, GEOCHEMICAL, AND Nd ISOTOPIC 
CONSTRAINTS ON THE LITHOTECTONIC ARCHITECTURE 
OF THE ARCHEAN MARY RIVER GROUP ON NORTHERN 
BAFFIN ISLAND (NTS 37G), NUNAVUT  

YOUNG, M.D., Selkirk Geospatial Research Centre, Selkirk 
College, BC, young@geoladm.geol.queensu.ca, SANDEMAN, 
H.A., Northwest Territories Geoscience Office, Yellowknife, 
BERNIOLLES, F., Department of Sustainable Development, 
Arviat, Nunavut, and CREASER, R.A., Department of Earth and 
Atmospheric Sciences, University of Alberta 

Mapping (parts of NTS 37G) has established a preliminary stratigraphic 
and structural framework for the supracrustal rocks of the Archean 
Mary River group exposed on northern Baffin Island.  The supracrustal 
sequence consists of psammite, amphibolite, Algoma-type iron 
formation (hosting significant iron resources), quartzite, collectively 
overlain by laterally equivalent and locally interbedded komatiite and 
intermediate to felsic volcanic rocks.  Amphibolite is generally 
tholeiitic, and rarely alkalic, basalt to basaltic andesite exhibiting flat to 
slightly LREE-depleted profiles with variably negative and positive 
NbN anomalies.  Komatiites (MgO = 18-35 wt.%) are restricted to the 
southern half of the map area and are characterized by generally flat 
REE profiles with highly variable, both negative and positive NbN 
anomalies.  Intermediate to felsic volcanic rocks are thickest in the 
north, thin considerably to the south, and are characterized by two 
compositionally distinct suites: 1) moderately fractionated (LaN/YbN = 
5-7), and 2) strongly fractionated (LaN/YbN = 21-33).  Voluminous 
granodiorite, tonalite, and monzogranite, and lesser amounts of quartz 
monzonite, quartz diorite and diorite underlie much of the map area.  
Observed granitoid-supracrustal contacts typically show intrusive 
relationships, although these contacts tend to be highly tectonized.  The 
diverse lithologies and compositions of the Mary River group 
supracrustal rocks imply initial basaltic volcanism and 
contemporaneous shallow water iron formation and quartzite deposition 
on a rifted ensialic margin.  This was followed by deepening of the 
basin, accompanied by bimodal (ultramafic and felsic volcanism) 

sequence.  Nd model ages for volcanic and plutonic rocks range from 
2.7 to 3.3 Ga having corresponding >Nd values of -3.6 to +4.0 
(calculated at t = 2.7 Ga).  Rocks in the western part of the map are 
strongly isotopically enriched whereas comparable rocks in the east and 
south are generally isotopically depleted.  The >Nd data will be further 
refined using U-Pb zircon results currently in progress.  Four 
generations of structures are recognized.  Strongly developed bedding-
parallel S1 foliations are transposed and folded by northwest-vergent, 
reclined F2 folds.  Moderately south-plunging L2 lineations are coaxial 
with F2 fold hinges.  Superposition of west-trending, steeply north-
dipping F3 folds on F2 in the southern map area results in ‘mushroom’ 
interference patterns, whereas in the west-central area, F2 and F3 are 
nearly coaxial producing Type 3 interference patterns.  Northwest- and 
northeast-trending conjugate kink and chevron-style folds are attributed 
to D4.  The timing of D1 structures is unknown, but is likely Archean or 
early Paleoproterozoic, whereas geometric relationships of D2 fabric 
elements correlate well with structures attributed to Paleoproterozoic 
orogenesis in the Piling Group to the south.  D3 deformation appears to 
be the result of north-south shortening and decreases in strain to the 
north of NTS 37G and to the south near Eqe Bay. 
 
COMMUNICATING EARTH SCIENCE KNOWLEDGE IN 
MULTIDISCIPLINARY EXHIBITS:  THE 
PARKLANDS/MIXED WOODS GALLERY AT THE 
MANITOBA MUSEUM  

YOUNG, G.A.1, gyoung@manitobamuseum.ca, FILEWYCH, G.2 
and SYMS, E.L.1,  1 Manitoba Museum, 190 Rupert Ave., 
Winnipeg, MB, R3B 0N2;  2 onebadant, Suite 602, 167 Bannatyne 
Ave., Winnipeg, MB, R3B 0R4 

The Manitoba Museum has long been known for its integration of 
human history and natural science in environmental exhibits.  The 
museum's primary story line is presented in galleries based on biomes 
(natural regions) of the province.  All but one of the biome galleries 
had been opened by the early 1980s; the exception was the 
Parklands/Mixed Woods Gallery.  The development of this gallery was 
a particular challenge, for two reasons:  (1) it represents the most 
diverse and populous region of the province and  (2) by the late 1990s, 
when detailed design began, museum philosophies and technology had 
undergone major transformations. 
The gallery development team created exhibits in a variety of formats 
that aim to reach an audience of widely varied age and background.  
The gallery, which opened in late 2003, is a space of more than 1,000 
square metres (almost 11,000 square feet), with a total cost of $3.7 
million.  Content was developed by a multidisciplinary curatorial team, 
with additional input from academics and provincial agencies.  
Curators worked closely with designers, technical consultants, and 
artists.  Exhibits include simple interactives (touchables, drawers, 
puzzles, flaps), a computerized projection map, browser-type computer 
interactives, surrounding dioramas, videos, audio exhibits, and a hands-
on program space, along with more traditional cases and panels.  We 
involved a variety of disciplines in each exhibit, providing a range of 
perspectives. Geological information is, thus, spread through the 
gallery. 
Geological content is obvious in exhibits such as depictions of long-
term environmental change and Red River flooding.  A limestone cave 
is a major geological feature realized in an interactive diorama.  In 
other exhibits, geological involvement is more subtle, such as in the 
identification of lithic types for an archaeological exhibit and the 
creation of realistic limestone beds in a lake bottom diorama.  This 
presentation will describe results of the many approaches used in the 
development and delivery of earth science content in the gallery setting.  
Some of our greatest successes were in the development of exhibits 
aimed at children, and in the application of humour to simple 
interactives.  Hands-on exhibits have been effective, but results for 
computerized units are more varied.  Some work well, but the 
distribution of computers and other high-tech equipment through a 
gallery can create major electronic control and switching issues.  The 
variety of accompanying exhibits and programming has enhanced the 
realistic dioramas for which the museum continues to be known. 
 

215 



JOURNEY OF A LEADING PERI-GONDWANAN CRUSTAL 
FRAGMENT ACROSS IAPETUS:  CONSTRAINTS ON THE 
ARRIVAL OF GANDERIAN CRUST AT THE LAURENTIAN 
MARGIN FROM NEWFOUNDLAND  

ZAGOREVSKI, A., Ottawa-Carleton Geoscience Centre, 
Department of Earth Sciences, University of Ottawa, 140 Louis 
Pasteur, Ottawa, ON, K1N 6N5, azagorev@nrcan.gc.ca, VAN 
STAAL, C.R., ROGERS, N. and MCNICOLL, V., Geological 
Survey of Canada, 601 Booth Street, Ottawa, ON, K1A OE8 

The Penobscot Arc has previously been thought of as an ensimatic arc 
that initiated outboard of the Gondwanan continental margin.  The first 
interaction between the Penobscot Arc and Gander margin was 
presumed to have occurred at c. 480 Ma, as indicated by the cessation 
of arc volcanism at c. 485 Ma, a prominent magmatic gap (c. 485 – 473 
Ma) and the obduction of Penobscot ophiolites over the Gander 
Margin.  Recent studies of the Penobscot Arc, represented by the 
Victoria Lake Supergroup in central Newfoundland, challenge this 
notion of an entirely ensimatic Penobscot Arc and provide a growing 
body of evidence for involvement of a Neo- to Mesoproterozoic 
basement throughout the Penobscot Arc volcanism. 
The newly identified, Tremadoc Pats Pond Group is the youngest 
tectono-stratigraphic unit in the Penobscot related portion of the 
Victoria Lake Supergroup (487±3 Ma).  Geochronology has revealed a 
significant proportion of inherited zircon (c. 560 Ma and c. 0.9-1.2 Ga), 
consistent with contamination of the mafic rocks by evolved crust (>Nd 
0.3 to –0.5).  The Pats Pond Group is thus interpreted to have erupted 
in an ensialic arc setting, consistent with the evolved crustal influence 
in the temporally correlative Wild Bight Group in northern 
Newfoundland.  Zircon inheritance in the Pats Pond Group provides a 
magmatic link to the proximal Crippleback Igneous Suite (c. 463 Ma), 
which is interpreted to represent an exposed portion of the basement to 
the Penobscot Arc.  Mesoproterozoic inheritance is consistent with the 
TDM ages of the Crippleback igneous suite and inheritance elsewhere 
in the Gander Zone. 
Based on the available data we propose that the Penobscot Arc formed 
at least in part on the Gander margin, requiring east-dipping 
subduction.  This is consistent with the apparent facing of the Victoria 
Lake Supergroup, which is easiest explained by progressive generation 
of arc complexes in response to slab-rollback.  This also explains the 
formation of the Penobscot back-arc, which was subsequently obducted 
when subduction stopped thus inducing strain behind the arc.  
Following obduction, arc magmatism was re-established with the 
Victoria Arc forming above the Penobscot Arc. 
 
VOLCANOGENIC MASSIVE SULPHIDE DEPOSITS IN 
WESTERN MEXICO:  AN OVERVIEW  

ZÁRATE-DEL VALLE, P.F., Universidad de Guadalajara, 
Chemistry Department, Ap. Postal 4-021, Guadalajara, Jalisco. 
CP 44410, México, zavp.pvaz@gmail.com 

In western Mexico volcanogenic massive sulphide deposits (VMS) are 
of cretaceous age and are hosted in rocks belonging to Guerrero suspect 
terrane (GT) that outcrops (>2,000 km) from Baja California to 
Acapulco and consists of Mesozoic (Late Jurassic-Early Cretaceous) 
igneous and sedimentary arc sequences that represent the remnants of 
an intraoceanic arc which accreted to the North America craton at the 
end of the Cretaceous.  The arc sequence was partly built on continental 
crust and partly on oceanic crust.  GT lithologic sequence at western 
Mexico is made of major sedimentary rocks at bottom and a major 
volcanic rock at top.  Particularly it is represented by marine rock 
(shale and limestone as well as by dacitic, andesitic and rhyolitic 
products (lava and tuff) and by continental ignimbrites.  At Talpa de 
Allende region (32 km E from C) the sequence includes shales, 
limestone and lenses made of dacitic lava and tuff as well as silicic tuff 
as host rock.  Ocoite facies (porphyric andesite with mega-crystals of 
plagioclase) is also present. 
VMS of western Mexico are included in a quadrangle of 25 km × 21 
km with Cuale mine (C; 20° 22’N, 105° 07’ W; > 2 Mt) at NW corner, 
Bramador (goldbearing prospect; 17 km S from C) at SW corner and El 
Rubi (15 km E from C) and La America (32 km ESE from C; < 0.2 Mt) 
mines at East side.  VMS belong to Volcano-sedimentary Metallogenic 

Province (VSMP) which includes two metallogenic epochs deduced by 
nanoplankton studies: Hauterivian-Aptian (131-113 Ma) to Bramador 
VMS and Albian-Cenomanian (106-94 Ma) in La America mine.  
VSMP has also two metallic domains: 1) Mn-Fe (oxides; 110 km NE 
from C) and 2) Pb-Zn (Ag) (sulphides) which VMS at western Mexico 
belong. 
At Rubí mine (RM) the VMS orebody is hosted by a felsic footwall and 
by a sedimentary hangingwall.  The ore minerals are: sphalerite, 
chalcopyrite and galena; gangue minerals are: pyrite, barite and quartz.  
Hydrothermal alteration is made of next paragenesis: a) quartz + 
(plagioclase-albite) + k feldspar + (chlorite-sericite). 
Aggressive exploration of VMS at western Mexico is needed in a 
prospective area of 525 square km with Cuale mine as the best target 
example. 
 
COMPARISON OF ANCIENT AND MODERN MASSIVE 
SULFIDE DEPOSITS ASSOCIATED WITH ULTRAMAFITES  

ZAYKOV, V.V., zaykov@ilmeny.ac.ru, and MELEKESTSEVA, 
I.Y., Institute of Mineralogy of Urals Branch of RAS, Miass, 
Chelyabinsk district, Russia, 456301 

There are several hydrothermal fields associated with ultramafites: 
Logatchev, 24°30?, Rainbow, Menez Home, Saldanha, Lost City, and 
Ashadze which situated in slow-spreading areas of the Middle-Atlantic 
Ride (MAR).  Their direct ancient analogues haven't been discovered 
yet although some researchers compare them with Cu-Ni deposits such 
as Outokumpu etc.  We believe that Early Devonian (?) massive sulfide 
deposits associated with ultramafites of the Main Urals Fault 
(Ishkinino, Ivanovka, and Dergamysh) are more preferable for 
comparison. 
Ores are spatially and geochemically connected with host ultramafites 
and enriched in Co, Ni, and Cr.  Similar texture peculiarities are mostly 
expressed in the Dergamysh deposit - ore sandstones with 
psammitic/psephitic clasts and colloform pyrite/marcasite nodules that 
is a direct feature of seafloor clastogene origin.  Evidences of 
ores/ultramafites seafloor destruction have been also found in the 
Ishkinino deposit - serpentinite-sulfide gravel/sandstones which also 
contain relics of colloform-zonal pyrrhotite/pyrite aggregates.  Open-
latticework of pyrrhotite in Ivanovka ores is also considered to be 
similar with some textures of modern seafloor ores. 
One of mineralogical similarity is presence of primary pyrrhotite, e.g. 
Rainbow field has areas with 90 % of pyrrhotite ores.  Co-Ni minerals 
of modern sites are represented by millerite, pentlandite, 
cobaltpentlandite, cobaltite, lollingite, safflorite, linnaeite, and 
nickeline.  The primary Co-Ni minerals in ores of ancient deposits are 
pentlandite and pyrite, enriched in Co, whereas abundant sulfarsenides 
(cobaltite, gersdorffite, arsenopyrite, alloclasite, and glaucodot) and 
arsenides (nickeline, rammelsbergite, krutovite, lollingite, and 
safflorite) are considered to be connected with hydrothermal solutions 
accompanied to the Late Devonian collision in the Urals.  Despite Co-
Ni minerals in modern and ancient sites belong to different stages of 
ore field development, the ability to produce such mineralization is a 
similar feature. 
Physical-chemical parameters of ancient systems based on gas-fluid 
inclusions in non-opaque minerals show the existing of hydrothermal 
solutions close to those of modern sites, namely, Rainbow field.  
Hydrotherm's salinity in Ishkinino is up to 7.1, Rainbow - to 7.7 wt.%; 
their composition is also close – prevalence of NaCl salts with 
insignificant KCl admixtures; Ishkinino hydrothermal solutions 
connected with seafloor ores correspond to 150-200°Ñ, Rainbow - 177-
198°Ñ. 
 
THERMOCHRONOLOGICAL STUDIES IN THE 
CHUQUICAMATA PORPHYRY COPPER DISTRICT, CHILE:  
A REVIEW  

ZENTILLI, M., Dept. of Earth Sciences, Dalhousie Univ., 
Halifax, NS, B3H 3J5, Canada, zentilli@dal.ca 

The Chuquicamata porphyry copper system in northern Chile, with 
more than 100 million tonnes of Cu metal, is one of the largest copper 
concentrations on Earth.  Zircon Pb-" dating in the 1960s was followed 
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by geochronological studies by the Geological Survey of Chile (IIG 
and SERNAGEOMIN), the mining company (CODELCO) and a small 
number of international research groups (including 5 Dalhousie student 
theses).  Mineralogy and stable isotope data pose restrictions on 
temperatures and pressures, and precise dating allows correlations with 
regional tectonic and landscape-forming processes.  The West Fault, 
the present expression of a long-lived orogen-parallel shear system, 
exerted structural control for porphyry intrusions and at least 3 
superimposed events of hypogene mineralization, which developed at 
increasingly shallower depth.  The West Fault system also controlled 
permeability during supergene enrichment and dismembered the 
deposit after its formation. 
The local pre-ore basement consists of Paleozoic granites and gneisses, 
Mesozoic strata and Mesozoic and Cenozoic granitoids.  Development 
of the Chuquicamata system closely followed a period of crustal 
compression and thickening, deepening of the magma generation to a 
mantle-like source, and rapid exhumation of the Domeyko Cordillera 
block during the warm Early Eocene.  The Paleozoic crystalline 
basement yields cooling 40Ar/39Ar ages of ca. 300 Ma and Eocene (ca. 
40 Ma) apatite fission track ages.  The oldest and most voluminous Cu 
mineralizing intrusive in the Chuqui igneous complex is the Este 
porphyry, which was intruded at ca. 34 Ma (Late Eocene).  Similar 
textures and 40Ar/39Ar ages suggest that the potassic alteration zone 
represents a late hydrous phase of the same Este porphyry.  Slightly 
younger and relatively unmineralized are the Oeste porphyry (ca. 33.5 
Ma) and the Banco porphyry (ca. 33 Ma).  No magmatic bodies have 
been yet recognized, responsible for a second (Mo) mineralizing stage 
that formed discrete veins of quartz-molybdenite (ca. 32 Ma; Re/Os), 
nor for the third (Cu) event with pervasive quartz-sericitic alteration 
(31 Ma; Oligocene).  Apatite fission track and (U-Th)/He data indicate 
that the system cooled below ~100oC by 31 Ma.  Supergene Cu (and 
Zn) enrichment and development of exotic Cu bodies occurred in the 
Miocene (19-15 Ma).  Apatite fission track (4.5 Ma) and ESR in quartz 
data show that the West Fault continued to be active into the 
Quaternary. 
A perfect balance of tectonics, declining erosion rates just before the 
Eocene-Oligocene transition, a time of dramatic global climate change, 
permitted the preservation from erosion of Chuquicamata and its 
important supergene ores. 
 
FISSION TRACK THERMOCHRONOLOGY OF AXEL 
HEIBERG ISLAND, NUNAVUT:  INVOLVEMENT OF MAFIC 
INTRUSIVES, EVAPORITE DIAPIRS, THE STOLZ THRUST 
FAULT, AND FOSSIL FORESTS  

ZENTILLI, M.1, zentilli@dal.ca, WILLIAMSON, M-C.2, 
mwilliam@nrcan.gc.ca, GRIST, A.M.1, agrist@dal.ca, and 
O’SULLIVAN, P.3, osullivan@apatite.com,  1 Dalhousie 
University, Halifax, NS, B3H 3J5;  2 Geological Survey of 
Canada (Atlantic), Bedford Institute of Oceanography, PO Box 
1006, Dartmouth, NS, B2Y 4A2;  3 Apatite to Zircon, Inc., Idaho, 
USA 

Apatite and zircon fission track (FT) data were obtained for 15 samples 
collected during the 2003 field season on a transect across Axel 
Heiberg Island (AHI), from Strand Fiord to Geodetic Hills, with special 
attention to possible effects of intrusives, evaporite diapirs and faults, 
on the thermal history of the eastern Sverdrup Basin.  The Stolz Thrust 
Fault (STF) is a ~250 km long, arcuate, southwest-dipping thrust fault 
that locally places Carboniferous units upon Cenozoic strata, and 
bounds in the east the Princess Margaret Arch (PMA), a structural and 
topographic high.  The PMA comprises elongate, doubly-plunging 
folds, and faults that may be bounded at depth by a décollement within 
Carboniferous evaporite of the Otto Fiord Formation, which outcrops in 
diapirs. 
Samples of mafic sills and dikes as well as the thermally affected 
Triassic to Cretaceous sedimentary and volcanic strata within the PMA 
yield zircon FT ages of ca. 111 to 120 Ma, which we interpret to be 
close to their intrusion age.  Igneous and sedimentary rocks in the 
hanging wall of the STF yield apatite FT ages between 65 and 52 Ma, 
with mean track lengths of 13.45 - 14.13 :m.  The apatite FT results, 
assuming a geothermal gradient of ~30°C/km, suggest that diapirs 

occurring with the hanging wall of the STF represent a 4 to 5 km 
deeper level of exposure than diapirs in the footwall. 
The data imply that the STF started to move (to cool due to 
exhumation) during the earliest Palaeocene.  Cyclic successions of 
sandstones and pebbly sandstone, probably derived from the rising and 
fast-eroding STF to the west, host the famous Tertiary Fossil Forests of 
the Geodetic Hills, with Metasequoia and other tall trees of Middle 
Eocene age, which grew at a paleolatitude of 82°N.  The sandstones 
yield apatite FT ages of 48-49 Ma (mean track lengths of 13.62 to 
13.91 :m), indicating that the STF was still active in the Middle 
Eocene. The Eocene was an unusually warm period in Earth’s history; 
in addition to enhancing forest growth, such warm and humid climate 
may have accelerated denudation of the rising and advancing STF. 
One sample of diorite from a large rafted block within the Colour Peak 
Diapir in Expedition Fiord provides an apatite FT age of 41 Ma with 
track mean lengths 12.92 :m, suggesting that this sample cooled later 
than other regional rocks, as a result of thermal effects from the highly 
conductive diapir. 
 
ON THE ROLE OF PETROLEUM IN THE GENESIS OF 
STRATABOUND COPPER DEPOSITS IN THE CRETACEOUS 
BASIN IN THE SOUTHERN CENTRAL ANDES OF CHILE:  A 
REVIEW  

ZENTILLI, M.1, zentilli@dal.ca, WILSON, N.S.F.2, 
nwilson@nrcan.gc.ca, COLLINS, P.3, k39pgc@mun.ca, and 
BORIC, R.4, rboric@codelco.cl,  1 Dept. of Earth Sciences, 
Dalhousie University, Halifax NS, B3H 4J1;  2 Energy and 
Environment, Geological Survey of Canada, Calgary, AB;  3 Dept. 
of Earth Sciences, Memorial University of Newfoundland, St. 
John’s, NL, A1B 3X5; 4Proyecto MM, Codelco Norte, Calama, 
Chile 

The association of solid pyrobitumen (residual petroleum) with copper 
sulphide ores within stratabound deposits of the Lower Cretaceous 
Basin of Chile has been recognized for a decade, and became the focus 
of studies by various groups.  The copper concentrations are generally 
small, permitting many small mining operations, but some deposits, 
such as El Soldado (>200 Mt @ 1.4 % Cu) and Talcuna (>16 Mt @ 1.5 
% Cu), were major deposits permitting long-lasting mining.  In general, 
the host rocks are basalt, andesite and rhyodacite, intercalated marine 
epiclastic and pyroclastic sandstones and siltstones.  The pyrobitumen 
occurs in intimate association with pyrite, chalcopyrite, bornite, 
chalcocite, and covellite, sulphosalts (e.g. tetrahedrite) and locally 
hematite.  Alteration is generally calcitization, chloritization, 
albitization, alkali metasomatism, and sulphidation of magnetic oxides.  
Sulphide distribution is generally controlled by primary (e.g. vesicles, 
interclast) and secondary (e.g. fracture) porosity, the largest, richest and 
most massive ores having developed in discordant veins within faults in 
extensional domains within regional brittle shear systems. 
During the Early Cretaceous, a marine basin developed in the western 
margin of South America, within and behind the magmatic arc, leading 
to the deposition of organic rich source rocks, locally associated with 
shallow marine epiclastic and pyroclastic strata, as well as evaporites.  
Petroleum generation and migration from these source rocks occurred 
early in the basin’s history, before tilting of the strata.  Diagenetic 
(framboidal) pyrite developed within degrading liquid petroleum within 
basinal faults and permeable strata, forming sizeable reservoirs under 
tuffaceous seals. 
There are differences between the various deposits, but pyrobitumen is 
ubiquitous.  At El Soldado, sulphur isotope data are consistent with a 
biogenic origin of the low-temperature pyrite, found even in deep, 
massive sulphide veins at the roots of the deposit.  Copper 
mineralization occurred during a pulse of higher-temperature (ca. 
350°C) chloride-rich hydrothermal brines.  Copper precipitation was 
controlled by the presence of pyrobitumen, which acted as a reductant 
or active carbon, and/or by the replacement of pre-existing pyrite.  
Sulphur isotopes indicate that the sulphur was predominantly inherited 
from the diagenetic pyrite.  The source of the copper is unidentified, 
but was probably derived from oxidized volcanic rocks and transported 
by basinal brines.  Thermochronological studies suggest that the 
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mineralizing hydrothermal phase coincided in time with maximum 
burial and the intrusion of Cretaceous batholiths. 
The large number, and widespread distribution of deposits (~ 600 km) 
in which solid pyrobitumen is associated with copper ores, indicates 
that the relationship has metallogenic significance. 
 
FERTILIZER N AND P RESPONSES OF PROCESSING 
TOMATOES AND POST-HARVEST SOIL NO3-N UNDER 
DRIP-FERTIGATION  

ZHANG, T.Q., Zhangt@agr.gc.ca, TAN, C.S., WARNER, J., 
DRURY, C.F. and REYNOLDS, D.W., Agriculture and Agri-
Food Canada, Harrow, ON, N0R 1G0 

Fertilization practices in corresponding to the current water 
management have to be optimized to maximize crop productivity, 
while minimizing damages to the environmental quality.  A field study 
was conducted to develop the optimum rates of fertilizer N and P for 
processing tomatoes under drip fertigation in southwestern Ontario.  
The experiment was conducted in a Granby sandy loam soil from 2003 
to 2004, with fertilizer N rates ranging from 0 to 360 kg N ha-1 and 
fertilizer P rates ranging from 0 to 200 kg P2O5 ha-1 in a factorial 
design.  Both total and marketable yields responded quadratically to 
fertilizer N, but not the fertilizer P.  The maximum marketable yields 
were produced with fertilizer N applied at 216 kg N ha-1 in 2003 and at 
292 kg N ha-1 in 2004.  Levels of petiole NO3-N at the full blooming 
stage accounted for over 80% of the variation in marketable yield.  
High levels of petiole NO3-N at later stages reduced marketable yield.  
The threshold value of petiole NO3-N at the full blooming stage was 
1934 mg N kg-1 or higher.  Increases in stover P content increased fruit 
soluble solids content.  Fruit N removal ranged from 200 to 234 kg N 
ha-1.  The amount of fertilizer N required for each Mg of marketable 
yield production varied from 0.07 to 2.1 kg N Mg-1, depending on the 
level of target yield.  Post-harvest soil profile NO3-N was low with 
fertilizer N added at rates below the requirement for the maximum 
marketable yield, but increased substantially when fertilizer N was 
above the requirement for the maximum marketable yield.  Processing 
tomatoes under fertigation requires much more N supply than the 
current recommendation to develop the maximum yield potential in an 
environmentally safe manner. 
 
IMPACT OF LONG-TERM CHANGES OF SEASONAL SNOW 
COVER ON THE GROUND THERMAL REGIME  

ZHAO, L. and BELTRAMI, H., Environmental Sciences 
Research Centre St. Francis Xavier University, 1 West Street, 
P.O. Box 5000, Antigonish, NS, Canada, B2G 2W5 

Borehole climatology requires a robust characterization of the coupling 
of the lower atmosphere and the ground surface in order to infer past 
climatic changes with confidence.  Systematic changes in snow cover, 
either increase in thickness as well as snow-cover season duration, can 
potentially affect the thermal regime of the subsurface and create 
transients indistinguishable from underground anomalies induced by 
climate change.  In this note we use a finite differences heat conduction 
model including freezing to simulate the subsurface effects of long-
term changes in snow thickness.  We find that it is theoretically 
possible for systematic century-long changes in snow cover thickness 
and snow season duration to have a significant effect on the long-term 
ground thermal regime, both in areas of seasonal frost and permafrost 
regions where these snow related effects seem to be stronger.  Our 
sensitivity analysis reveals that ground surface temperature can change 
by 1.5°K if the snow thickness increases by 1 cm /year, and decrease 
by the same amount if the snow thickness decreases by 0.005 cm/year 
over 200 years.  We illustrate our results with data from Environment 
Canada. 
 
COMPARATIVE SEASONAL AVAILABILITY OF 
PHOSPHORUS FROM LIQUID HOG MANURE AND 
MINERAL FERTILIZER IN SOIL CROPPED TO POTATOES  

ZHENG, Z., MACLEOD, J.A., SANDERSON, J.B. and 
CAMPBELL, A.J., Crops and Livestock Research Centre, 

Agriculture and Agri-Food Canada, 440 University Ave., 
Charlottetown, PE, C1A 4N6, zhengz@agr.gc.ca 

Phosphorus (P) dynamics in soils is of increased interest as its 
importance in relation to agronomic, economic and environmental 
concerns.  Phosphorus nutrient is putatively important in commercial 
potato (Solanum tubersum L.) production as this crop requires much 
more P than other vegetable crops for its root development and early 
tuber growth however the soil cropped to potatoes may present low P 
availability to plant as P fixation with soil Fe and Al, especially 
problematical in acidic soils.  The study was to compare the plant P 
availability of liquid hog manure relative to mineral fertilizer by 
accessing changes in P pools of differing bioavailability in 
Charlottetown sandy loam.  Soil and plant were seasonally sampled in 
2003 and 2004 from a field experiment of complete randomized block 
comprising of four P rates of 0, 50, 100 and 250 kg P2O5 per ha, 
receiving either liquid hog manure or mineral fertilizer.  Soil P was 
characterized by Mehlich III extractable P (M3P) and separated into P 
pools of differing bioavailability by a modified Hedley sequential 
fractionation procedure.  Tuber yield was measured and tubers were 
rated for specific gravity and both disease incidence and severity for 
rhizoctonia (Rhizoctonia solani) and scab (Streptomyces scabies).  Our 
data showed that no significant difference in tuber yield in treatments 
but the plots receiving liquid hog manure had fewer disease incidences 
and less disease severity, as compare the pots receiving mineral 
fertilizer.  Soil M3P seasonally fluctuated and the trend was more 
evident in high P plots.  Very low (< 5 mg P kg-1) water extractable P 
was recorded, reflecting the high P fixation capacity of this soil.  
Mineral fertilizer dramatically increased inorganic labile P (Pi) pool of 
NaHCO3-Pi in the early season whereas the moderately labile Pi of 
NaOH-Pi dominated the increase in the later season.  Conversely, 
liquid hog manure increased both labile Pi and organic labile P (Po) in 
season but with more increase in labile Po of NaHCO3-Po and NaOH-
Po than NaHCO3-Pi.  The acid extracted P pools of HCl-P and H2SO4P 
were not affected by either manure or mineral fertilizer P additions, 
suggesting the different pathways of transformation between P pools of 
differing bioavailability in tested soil as affected by nutrient sources. 
 
LATE VISEAN BIOSTRATIGRAPHY AND 
PALAEOGEOGRAPHY OF NORTH URALIAN BASIN  

ZHURAVLEV, A.V., VSEGEI, All-Russian Geological Research 
Institute, St. Petersburg, Russia, 199106, stratigr@mail.wplus.net, 
and VEVEL, Y.A., VNIGRI, Russia 

The Upper Visean interval comprises Gnathodus bilineatus - Lochriea 
nodosa conodont zones in deep-water facies and Mestognathus bipluti – 
lower Cavusgnathus-Gnathodus intermedius conodont zones or upper 
Archaediscus krestovnikovi – Eostaffella tenebrosa-Endothyranopsis 
sphaerica foraminifer zones in shallow-water facies of the North 
Uralian basin.  Lower boundary of the interval corresponds to 
significant facies change due to global (probably glacio-eustatic) sea 
level rise associated with positive palaeotemperature shift (from +16-
19ºC up to +21-23ºC in the Kozhym River basin).  This time is marked 
by development of first Early Carboniferous “non-Waulsortian” 
bioherms and start of volcanic arc forming in the North Uralian basin. 
Palaeogeographic reconstruction developed for the Mestognathus 
bipluti (= Gnathodus bilineatus) conodont zone demonstrates the 
following seaward facies sequence: terrigenous nearshore and deltaic 
facies represented by cross-bedded polymictic sandstone, siltstone, and 
argillite; mixed carbonate-siliciclastic shallow-water facies composed 
by silty packstone and argillite alteration; carbonate shallow-water 
facies represented by bioclastic wacke- and packstone; carbonate deep-
water facies composed by cherty wacke- and mudstone with 
subordinate spiculite; facies of carbonate shoals represented by 
grainstone and packstone; algal reef complex (Bolshaya Nadota Reef); 
carbonate-siliciclastic deep-water shelf facies composed by 
carbonaceous argillite with layers of limestone; distal and proximal 
volcaniclastic turbidites; volcanic arc (not preserved but supposed).  
Deltaic systems degradated and carbonate sedimentation became 
dominant over the shallow-water shelf in the late Late Visean.  The 
volcanic arc probably existed up to early Pennsylvanian 
(Declinognathodus noduliferus conodont zone, early Bashkirian) that 
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led to forming of volcaniclastic turbidites in the eastern part of the 
North Uralian basin. 
 
CHLOROPHYLL METER:  A DIAGNOSTIC TEST FOR 
PREDICTING NITROGEN STATUS IN CORN PRODUCTION  

ZIADI, N., CAMBOURIS, A.N. and NOLIN, M.C., Agriculture 
and Agri-Food Canada, Soils and Crops Research and 
Development Centre 2560, Hochelaga Blvd., Sainte-Foy, QC, 
Canada 

In corn (Zea mays L.) production, accurate nitrogen (N) management 
tools are required to optimize growth and economic return as well as to 
minimize negative environmental impact.  The chlorophyll meter (CM) 
is one of the potential techniques/tools that can be used to evaluate corn 
N status and determine if additional N fertilizer is needed.  The general 
objective of this research was to study the accuracy of the CM to 
evaluate corn N status and to predict N fertiliser requirement.  The 
study was conducted on a 15-ha field near Montreal, Quebec, Canada, 
for three years (2000-2002).  During each spring, soil samples (n = 150, 
0-20 cm) were collected on a systematic nested design (6, 14, 50, 70 
and 100-m grid interval).  Six N fertilizer rates (0-250 kg N ha-1) were 
applied at the 6-leaf stage.  The CM test was performed using a Minolta 
SPAD-502 CM (Spectrum Technologies Inc.) at 6-leaf stage (V6) and 
at beginning of the flowering stage (BF).  Among the three years 
experiment, N fertilizer rates have a significant effect (P < 0.001) on 
CM measurements which varied between 36.9 in the control and 55.2 
when 250 kg N ha-1 was applied.  These results are due to the high soil 
N-availability as indicated by soil nitrates measurements.  Significant 
relationships were obtained both between CM measurements at BF and 
corn grain yields (0.60 > R2 > 0.98), and CM measurements at BF and 
corn N uptake (0.51 > R2 > 0.98).  These results demonstrate that CM 
measurements taken at BF can be a suitable test to estimate corn N 
status. 
 
EXTENSION TECTONICS IN TRANS-HUDSON INTERNAL 
ZONE:  FROM RIFTED ARCS TO SYNCOLLISIONAL BASINS  

ZWANZIG, H.V., Manitoba Geological Survey, 1495 Ellice 
Avenue Winnipeg, MB, R3G 3P2, HZwanzig@gov.mb.ca, and 
CORRIGAN, D., Geological Survey of Canada, 615 Booth Street, 
Ottawa, ON, K1A 0E8 

Extension tectonics and related magmatism, which were coeval with 
arc magmatism and continental collision, may explain some unique 
aspects of the Trans-Hudson Orogen internal zone.  Early (1.92–1.88 
Ga) arc volcanism was accompanied by repeated arc rifting and back-
arc basin development.  Metavolcanic and intrusive remnants of these 
basins occur as fault-bounded belts that run up to hundreds of 
kilometres parallel to and obliquely across the arc volcanic assemblages 
in the Flin Flon and LaRonge–Lynn Lake belts.  They also border much 
of the 1850–1835 Ma syncollisional metasedimentary rock of the 
Kisseynew Domain.  They are widely recognized as sediment-free, 
juvenile assemblages with compositions similar to modern back-arc 
basin basalt (BABB).  Arc-rift assemblages have a weak geochemical 
arc signature and are in stratigraphic contact with bimodal arc 
assemblages that host volcanogenic massive sulphide deposits.  The 
oldest basins appear to have closed early, causing deformation before 
renewed (1886–1881 Ma) rifting and BABB-like gabbro intrusion.  
Continued (1870–1845 Ma) subduction of relatively young BABB led 
to mainly felsic arc magmatism that is best preserved as successor arc 
plutons, some of which have the composition of adakite that may 
involve slab melting. 
Extension tectonics continued during the latest (1845-1835 Ma) arc 
magmatism after the initiation of continental collision.  Local 
foundering of sedimentary basins is suggested by terrestrial, fault-
bounded subbasins and by the geochemistry of associated mantle and 
crustal melts.  Subbasins at the margin of the Flin Flon Belt generally 
contain upward-fining, coarse clastic rocks but some contain medium-
K calc-alkaline volcanic rocks overlain by arc tholeiite with affinity for 
BABB.  A large continental subbasin flanked by uplifted fault blocks 
south of the Lynn Lake belt appears to have an obducted BABB 
basement unconformably overlain by fluvial-alluvial deposits.  These 
were intruded by large sheets of transitional to alkaline diorite.  The 

adjacent subbasin grades through fan-delta deposits into the marine 
turbidites of the Kisseynew basin.  Sediment geochemistry and detrital 
zircons show that these sands were eroded from orogenic uplands 
exposing the successor arc plutons, and deposited after collision had 
started between the internal zone and surrounding Archean cratons. 
The protracted crustal extension and subsequent high-T, low-P 
metamorphism may be related to the high heat production of the early 
Earth. 
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