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Reduction of AMD generation and availability of metals from sulfidic mine tailings through biochar
application: A laboratory scale study

Abedin, J., Labrador Institute of Memorial University, 219 Hamilton River Road, Happy Valley-Goose Bay, NL. AOP
1E0, jabedin@mun.ca

An investigation of apatite as an indicator mineral that recorded hydrothermal fluid chemistry at the
Cantung tungsten skarn deposit, NWT, Canada

Adlakha, E.E., erin.adlakha@smu.ca, Hanley, J.J., Saint Mary s University, 901 Robie St., Halifax, NS B3H 3C3,
and Falck, H., NWT Geological Survey, 5310 44 St., Yellowknife, NT X14 1K3

Early Cenozoic evolution of the Gurla Mandhata core complex, NW Nepal Himalaya

Ahenda, M., mark.ahenda@gmail.com, Godin, L., Queen s University, Kingston, ON K7L 3N6, Grujic, D., Dal-
housie University, PO Box 15000, Halifax, NS B3H 4R2, and Stevenson, R., Université du Québec a Montréal, CP
8888, Succursale Centre-Ville, Montréal, QC H3C 3P8

Diffusion research: Lab scale to field scale — recent advances
Al, T.A., Department of Earth & Environmental Sciences, University of Ottawa, tom.al@uottawa.ca

The zircon record of granitic continental crust subjected to tectonic burial, from 0 to > 60 km, the
Eastern Segment, Sveconorwegian orogen

Andersson, J.!, jenny.andersson@sgu.se, Moller, C.2, Lundqvist, L.>, Hellstrom, F.?, Johansson, L.%, and Claeson,
D.%, 'Geological Survey of Sweden, Box 670, SE75128 Uppsala, Sweden, *Lund Univ., Lund, Sweden; *SGU, Up-
psala, Sweden; *SGU, Lund, Sweden

Mineralogical and geochemical characterization of spilled tailings from the Mount Polley Mine: Im-
plications for remediation and rehabilitation

Anglin, C.D., Imperial Metals Corporation, 200-580 Hornby St, Vancouver, BC V6C 3B6, langlin@imperialmetals.
com, and Kennedy, C.B., SRK Consulting (Canada) Inc., 2200-1066 W. Hastings, Vancouver, BC V6E 3X2

Ice streams within the last Cordilleran Ice Sheet
Arbelaez-Moreno, L., l.arbelaez.moreno@mail.utoronto.ca, Eyles, N., and Sookhan, S., University of Toronto at
Scarborough, Scarborough, ON MIC 144

Post-accretionary uplift of the Meguma Terrane relative to the Avalon Terrane in the Canadian Ap-
palachians

Archibald, D.B., darchiba@stfx.ca, Murphy, J.B., Department of Earth Sciences, St. Francis Xavier University, 5009
Chapel Square, Antigonish, NS B2G 2W5, Jourdan, F., and Reddy, S.M., The Institute for Geoscience Research
(TIGeR), Department of Applied Geology, Curtin University, Perth, WA, Australia

Modal, textural and chemical variations in the vanadiferous magnetite deposit of the Lac Doré Com-
plex (Québec) and their implications on the chemical purity of magnetite concentrates

Arguin, J-P., arguinrock@hotmail.com, Pagé, P., Barnes, S-I., Université du Québec a Chicoutimi, Chicoutimi, QC
G7H 2B1, and Girard, R., I0S Services Géoscientifiques Inc., Chicoutimi, QC G7J 3Y2

Revisiting the composition of Hawai‘i’s most geochemically enriched shield basalts

Armstrong, C.J., carmstro@eoas.ubc.ca, Weis, D., Scoates, J.S., Pacific Centre for Isotopic and Geochemical
Research, Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207 Main
Mall, Vancouver, BC V6T 174, and Garcia, M.O., Department of Geology and Geophysics, School of Ocean and
Earth Science and Technology, University of Hawai ‘i at Manoa, 1680 East West Road, Honolulu, HI 96822, USA

Organic-rich (source) strata in deepwater rocks of the Neoproterozoic Windermere Supergroup
— Mudrocks but sandstones too

Arnott, R W.C., University of Ottawa, Ottawa, ON KIN 6N5, warnott@uottawa.ca, Ross, G.M., Kupa’a Farms,
Kula, Hawaii, USA, and Osadetz, K., CMC Research Institutes Inc., Calgary, AB T2L 2K§8

GAC-MAC 2017 - Volume 40 Abstract Titles / Titres Des Résumés 1



12

13

14

15

16

17

18

19

20

21

22

Alteration assemblages and gold mineralisation styles in the Archean Miller dyke complex, Abitibi
greenstone belt, Ontario

Arteaga, L., larteaga_melo@laurentian.ca, Kontak, D., and Gibson, H., Harquail School of Earth Sciences, Lauren-
tian University, 935 Ramsey Lake Rd, Sudbury, ON P3E 2C6

The geochemistry and geochronology of the End Deposit, NE Thelon region, Nunavut Canada: In-
sight to the Athabasca basin’s closest relative

Ashcroft, G.S.!, gregsashcrofi@gmail.com, Fayek, M.!, Quirt, D.2, Camacho, A.!, and Jefferson, C.W.3, 'Depart-
ment of Geological Sciences, 240 Wallace Building, University of Manitoba, 125 Dysart Road, Winnipeg, MB R3T
2N2; 2AREVA Resources Canada Inc., PO Box 9204, 817 - 45" Street W., Saskatoon, SK S7K 3X5, 3Geological
Survey of Ca

Optimal density to fractionate organic and mineral particles of Québec boreal lake sediments
Aubin, M., Paré, M., Fundamental science department, University of Québec in Chicoutimi, 555 University Boule-
vard, Saguenay, QC G7H 2B1, Girard, R., IOS Services Géoscientifiques Inc, 1319 St-Paul Boulevard, Saguenay,
0C G7J 3Y2, and Saint-Laurent, D., Université du Québec a Trois-Rivieres, CP 500, Trois-Rivieres, QC G94 SH7

Keynote (30 min): Hematite textural and (U-Th)/He thermochronometry constraints on seismic and
aseismic fault damage zone processes
Ault, A.K., Utah State University, Logan, UT, USA, alexis.ault@usu.edu

Characterization of arsenic-hosting solid phases in tailings and tailings dust from Giant Mine, Yel-
lowknife, NT

Bailey, A.S., a.bailey@queensu.ca, and Jamieson, H.E., jamieson@queensu.ca, Queen s University, Kingston, ON
K7K 3N6

An overview of the Boothia Peninsula of northern Nunavut obtained from airborne magnetic data
modelling and interpretation
Ballinger, J.B., jbi13cl@brocku.ca, and Ugalde, H., Brock University, St. Catharines, ON L2S 3A1

Investigation of the long-term influence of the Bridge-River Diversion on Sockeye Salmon nursery
ecosystem production in Seton Lake, British Columbia, Canada: A comparative paleolimnological
study

Barouillet, C.!, cecilia.barouillet@queensu.ca, Laird, K.R.!, Selbie, D.T.% Leavitt, P.R.2, Perrin, C.J.%, and Cumming,
B.F.!, 'Queen’s University, 116 Barrie St., Kingston, ON K7L 3N6, *Cultus Lake Salmon Research Laboratory
Fisheries and Ocean Canada, 4222 Columbia Valley Highway, Cultus Lake, BC V2R 5B6; 3University of Regina,
3737 Wascana Parkway, Regina,

Granitoid plutons in Cape Breton Island, Nova Scotia, Canada: New age constraints and implica-
tions for correlations with peri-Gondwanan terranes in Newfoundland and New Brunswick

Barr, S.M., Department of Earth & Environmental Science, Acadia University, Wolfville, NS B4P 2R6, Sandra.
barr@acadiau.ca, van Rooyen, D., Department of Mathematics, Physics, & Geology, Cape Breton University, Syd-
ney, NS BIP 6L2, and White, C.E., NS Department of Natural Resources, Box 698, Halifax, NS B3J 2T9

Keynote (40 min): Thresholds, critical transitions and state shifts in the Permian carbonate system

of NW Pangea
Beauchamp, B., bbeaucha@ucalgary.ca, and Calvo Gonzalez, D., University of Calgary, Calgary, AB T2N IN4

After the flood: Analysis of organic rich sediments exposed by the 2013 floods along rivers in south-
west Alberta

Beaudoin, A.B., alwynne.beaudoin@gov.ab.ca, and Bolton, M.S., Royal Alberta Museum, 12845-102" Avenue,
Edmonton, AB T5N 0M6

Chalcopyrite as an indicator mineral to fingerprint mineral deposit types: A preliminary study
Bédard, E., explomin@ggl.ulaval.ca, Goulet, A., Sappin, A-A., Beaudoin, G., and Makvandi, S., Université Laval,
Québec, QC GIR 046
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Sedimentary anisotropy and its impact on solute mixing in groundwater

Bennett, J.B., jeremy.bennett@uni-tuebingen.de, Haslauer, C.P., Cirpka, O.A., University of Tiibingen, Héolderlinstr.
12, 72074 Tiibingen, Germany, and Ross, M., University of Waterloo, 200 University Ave. W, Waterloo, ON N2L
3G1

Influence of vertical density structure on the stratal architecture of deep-marine levee deposits Neo-
proterozoic Isaac Formation, Windermere Supergroup, B.C., Canada

Bergen, A. and Arnott, B., University of Ottawa, 120 University Private, Ottawa, ON KIN 6N35, aberg023@uot-
tawa.ca

Crustal dynamics and tectonic assembly of the west-southwest Rae craton — What are key relation-
ships in the Athabasca region telling us?

Bethune, K.M., Department of Geology, University of Regina, 3737 Wascana Parkway, Regina, SK S4S 042, kath-
ryn.bethune@uregina.ca

Expression of the McArthur River U deposit footprint in diverse surficial sampling media

Beyer, S.R., s.beyer@queensu.ca, Kyser, K., Queen s University, Kingston, ON K7L 3N6, Kotzer, T.G., Cameco
Corporation, 2121 11" St W., Saskatoon, SK S7M 1J3, Ansdell, K., Wasyliuk, K., University of Saskatchewan, Sas-
katoon, SK S7N 5E2, and Quirt, D.H., AREVA Resources Canada, 817 45" Street West, Saskatoon, SK S7K 3X5

Keynote (40 min): Deep rivers in deep time
Bhattacharya, J.P., School of Geography and Earth Sciences, McMaster University, 1280 Main St., West, Hamilton,
ON LS8S 4LS8, bhattaj@mcmaster.ca

Significant Fe isotope fractionation within the Kiglapait intrusion provides insight into the formation
of layered intrusions

Bilenker, L.D., lbilenke@eoas.ubc.ca, Fourny, A., Weis, D., and Scoates, J.S., University of British Columbia, 2020-
2207 Main Mall, Vancouver, BC V6T 174 Morse, S.A.., University of Massachusetts, 233 Morrill Science Center,
Ambherst, MA 01003-9297

Fine-grained deep-marine sandstones: The turbidites that never were
Billington, T.R., thill090@uottawa.ca, and Arnott, R W.C., warnott@uottawa.ca, University of Ottawa, FSS Hall-
120 University (Room 15025), Ottawa, ON KIN 6N5

Characterization of landslides used in landslide susceptibility models in western Canada
Blais-Stevens, A. and Behnia, P., Geological Survey of Canada, 601 Booth Street, Ottawa ON KIA OES8, andree.
blais-stevens(@canada.ca

Guidelines for identifying and modelling LIP-related layered intrusions in plume centre regions us-
ing geophysical data

Blanchard, J.A.!, jennifer.blanchard3@carleton.ca, Ernst, R.E.""%, and Samson, C.!, 'Dept. of Earth Sciences, Car-
leton University, Ottawa, ON; *Faculty of Geology and Geography, Tomsk State University, Tomsk, Russia

New precise U-Pb geochronological data and stratigraphic interpretation for the Raglan belt, North-
ern Quebec

Bleeker, W., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A4 OES, wouter.bleeker@canada.ca,
and Kamo, S.L., Jack Satterly Geochronology Laboratory, Department of Earth Sciences, University of Toronto, 22
Russell St., Toronto, ON M5S 3B1, skamo@es.utoronto.ca

Preliminary mineralogical characterization of black shale-hosted Ni-Zn sulphide mineralization at
the Akie Property, northern British Columbia

Bocking, N.!, nigel. bocking@queensu.ca, Gadd, M.%, Peter, J.2, Layton-Matthews, D.!, and Johnson, N.3, 'Dept.

of Geological Sciences and Geological Engineering, Queen s University, 36 Union Street, Kingston, ON K7L

3N6; *Geological Survey of Canada, 601 Booth Street, Ottawa, ON, K14 OES; *Canada Zinc Metals Corp., #2050,
1055 West Georgia

Metamorphism across the Coast Mountains batholith near Mt. Waddington BC, Canada
Bollen, E.M. and Stowell, H.H., University of Alabama, PO Box 870338, Tuscaloosa, AL 35487, USA, embollen@
crimson.ua.edu
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Geochemistry of antimony and arsenic in freshly deposited tailings at Beaverbrook Sb mine, New-
foundland

Borc¢inova-Radkova, A., anezka.radkova@queensu.ca, Jamieson, H., Department of Geological Sciences and Geo-
logical Engineering, Queen's University, Kingston, ON, and Campbell, K., USGS, US4

Holocene variation of lake water balance in northeastern Ontario inferred from lacustrine carbonate
stable isotopes

Boreux, M.P., m.boreux@queensu.ca, Lamoureux, S.F., Department of Geography and Planning, Queen’s Univer-
sity, and Camming, B.F., Department of Biology, Queen s University

Chemostratigraphic correlation of the epicratonic Lower to Middle Cambrian Mount Clark, Mount
Cap and Saline River formations, northern mainland Northwest Territories

Bouchard, M.L., Turner, E.C., Harquail School of Earth Sciences, Laurentian University, 935 Ramsey Lake Road,
Sudbury, ON P3E 2C6, MacNaughton, R.B., Geological Survey of Canada, Natural Resources Canada, 3303 33
St NW, Calgary, AB T2L 247, and Rainbird, R.H., Geological Survey of Canada, Natural Resources Canada, 601
Booth St, Ottawa, ON K14 OES

Study of glacial flows and associated sediments: The case of Amaruq, Nunavut
Boulianne-Verschelden, N.!, de Bronac de Vazelhes, V.!, McMartin, 1.2, Beaudoin, G.!, Cé6té-Mantha, O.3, and Si-
mard, M.}, 'Université Laval; *Geological Survey of Canada, *Agnico Eagle

A newly identified P-T-t-d discontinuity along the Main Central Thrust, western Nepal Himalaya
Braden, Z., zoe.braden@gmail.com, Godin, L., Department of Geological Sciences and Geological Engineering,
Queen's University, Kingston, ON K7L 3N6, Cottle, .M., Department of Earth Science, University of California,
Santa Barbara, CA 93106, USA, Kellett, D.A., Geological Survey of Canada, 1 Challenger Dr., Dartmouth, NS
B2Y 442, Yakymchuk, C., Earth and Environmental Sciences, University of Waterloo, 200 University Ave. W., Wa-
terloo, ON N2L 3G1, and Davis, W.J., Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OES

The 3D Geological Framework of Alberta: Using geomodelling to enhance and disseminate geologi-
cal understanding

Branscombe, P., paulina.branscombe@aer.ca, and MacCormack, K.E., Alberta Energy Regulator (Alberta Geologi-
cal Survey), 402 4999-98 Avenue, Edmonton, AB T6B 2X3

Canada-3D: Toward national surface and subsurface compilations of the geology of Canada
Brodaric, B., St-Onge, M.R., Snyder, D.B., Russell, H.A.J., Geological Survey of Canada, 601 Booth St., Ottawa,
ON K14 0OE9, {boyan.brodaric, marc.st-onge, hazen.russell}@canada.ca, dbsnyder1867@gmail.com

Impact tsunami deposits of the ancient sedimentary record: Depositional regime recovery in a post-

impact scenario
Bron, K.A., Queen’s University, Kingston, ON K7L 3N6, treenabron(@gmail.com

Textural and chemical characteristics of oxide minerals as a record of postmagmatic processes in the
Eastern Gabbro, Coldwell Complex, NW Ontario

Brzozowski, M.B., Samson, [.M., Gagnon, J.E., University of Windsor, Sunset Ave., Windsor, ON N9B 3P4, brzo-
zowm(@uwindsor.ca, Good, D.J., and Linnen, R.L., Western University, Richmond St., London, ON N6A4 3K7

Giant circumferential dyke swarms: An underappreciated component of the plumbing system of
Large Igneous Provinces

Buchan, K.L.!, kenneth.buchan@canada.ca, and Ernst, R.E.>*, 'Geological Survey of Canada, Natural Resources
Canada, Ottawa, ON KI1A4 OES; 2Department of Earth Sciences, Carleton University, Ottawa, ON KIS 5B6; *Fac-
ulty of Geology and Geography, Tomsk State University, Tomsk, Russia 634050

The cobalt-nickel rule, tholeiitic magma series and large impacts
Buhlmann, E., NMMA, University College of the North, 2 Hart Avenue, Flin Flon, MB R84 0G4, banyalnc@hot-
mail.ca

Three-dimensional dispersal patterns of illitic alteration pathfinders through thick multi-till stratig-
raphy in the Thelon Basin, Nunavut
Bustard, A.L., Ross, M., and Kendall, B., University of Waterloo, Waterloo, ON N2L 3G1, a.bustard@gmail.com

GAC-MAC 2017 - Volume 40 Abstract Titles / Titres Des Résumés v



47

48

49

50

51

52

53

54

55

56

57

Relative timing of sediment failures within slide-valley complexes in the Kugmallit Fan area of the
central Beaufort Slope

Cameron, G.D.M., gordon.cameron@canada.ca, King, E.L., and Blasco, S., Geological Survey of Canada — Atlan-
tic, Bedford Institute of Oceanography, 1 Challenger Drive, PO Box 1006, Dartmouth, NS B2Y 442

Regional glacial history, paleo-dynamics and dispersal patterns, South Rae craton, Northwest Terri-
tories

Campbell, J.E.!, janet.campbell3@canada.ca, Lauzon, G.%, Dyke, A.S.3, and Roy, M.2, 'Geological Survey of
Canada, Ottawa, ON; *Université du Québec a Montréal, Montréal, QC; 3Arthur S Dyke Geoscience, Eastport, NL

U-Pb geochronology of detrital zircons from the Mazinaw and Bancroft domains, Composite Arc
belt, Grenville Province, Ontario

Carr, S.D., Department of Earth Sciences, Ottawa — Carleton Geoscience Centre, Carleton University, Ottawa, ON
KIS 5B6, and Easton, R. M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, B7064,
933 Ramsey Lake Road, Sudbury, ON P3E 6B5, mike.easton@ontario.ca

What can exhumed blueschist and eclogite blocks tell us about P-T and stress conditions along the
subducting plate interface?

Carruthers, S., samantha.carruthers@mail.mcgill.ca, and Rowe, C., McGill University, 3450 University Street, Mon-
treal, QC H3A OES

3D geologic and hydrogeologic modelling of the Paleozoic bedrock of southern Ontario

Carter, T.R.,, terry.carter@cartergeologic.com, Brunton, F.R.2, Logan, C.2, Clark, J.% Fortner, L.5, Yeung, K.2, Freck-
elton, C.*4, Sutherland, L.%, and Russell, H.A.J.3, 'Consulting Geologist, 35 Parks Edge Cres., London, ON N6K
3P4, 2Ontario Geological Survey, 933 Ramsay Lake Rd, Sudbury, ON P3E 6B5; 3Geological Survey of Canada,
601 Booth St, Ottawa, ON KIA OES; *Oil, Gas & Salt Resources Library

Mineral recrystallization reactions and trace element availability in the metasedimentary contact
aureole surrounding the Dublin Gulch reduced intrusion-related gold system (RIRGS); implications
for metal sources for RIRGS hosted in the Selwyn Basin

Cave, B.J., ben.james.cave@gmail.com, Barnes, S-J., Université du Quebec a Chicoutimi, Chicoutimi, QC G7H
2B1, Sack, PJ., Yukon Geological Survey, Whitehorse, YK Y14 2C6, and Kuikka, H., Victoria Gold Corp., Vancou-
ver, BC V6E 3S7

Keynote (40 min): Wyoming-Superior Neoarchean to Paleoproterozoic sojourns

Chamberlain, K.R., University of Wyoming, 1000 University Ave., Laramie, WY 82081, USA, kchamber@uwyo.

edu, Kilian, T., Department of Earth and Planetary Sciences, University of California, Berkeley, Berkeley, CA
94720, USA, Bleeker, W., Geological Survey Canada, 601 Booth St, Ottawa, ON KIA OES, Bekker, A., Department
of Earth Sciences, 408 Geology Building, University of California, Riverside, Riverside, CA 92521, USA, Evans,
D.A.D., Department of Geology and Geophysics, Yale University, 210 Whitney Avenue, New Haven, CT 06520, USA

An Eifelian-Givetian (Devonian) drowning event followed by black-shale deposition in the Macken-
zie Corridor (N.W.T.): Multi-proxy characterization

Chan, W.C., University of Calgary, University Drive, Calgary, AB T2N IN4, wingchuen.chan@canada.ca, Kabanov,
P., and Gouwy, S., Geological Survey of Canada, 3303 33 St NW, Calgary, AB T2L 2A7

Two gold mineralisation events east of Matheson, Ontario
Chappell, LM., ichappell@laurentian.ca, Lafrance, B., blafrance@laurentian.ca, and Kotak, D.J., dkontak@lauren-
tian.ca, Laurentian University, 935 Ramsey Lake Road Sudbury, ON P3E 2C6

Multielement geochemical anomalies of till related to porphyry Cu deposits in southcentral British
Columbia, Canada

Chen, S., schenl62@uottawa.ca, Hattori, K., University of Ottawa, 25 Templeton Street, Ottawa, ON KIN 6N5,
and Plouffe, A., Geological Survey of Canada, 601 Booth Street, Ottawa, ON K14 OES

Multivariate statistical identification of sandstones affected by uraniferous hydrothermal activity,
Athabasca Basin, Canada

Chen, S., schenl62@uottawa.ca, Hattori, K., University of Ottawa, Ottawa, ON KIN 6N35, and Grunsky, E.C., Uni-
versity of Waterloo, Waterloo, ON N2L 3Gl
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Keynote (40 min): High-resolution multilevel-monitoring systems: Key to understanding ground-
water systems

Cherry, J.A., cherryj@g360group.org, and Parker, B.L., bparker@g360group.org, University of Guelph, 50 Stone
Rd East, Guelph, ON NIG 2W1

Extreme compositional variation of feldspar in the Skaergaard Intrusion

Cho, J.O., jcho@eoas.ubc.ca, Scoates, J.S., and Weis, D., Pacific Centre for Isotopic and Geochemical Research,
Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207 Main Mall,
Vancouver, BC V6T 124

An integrated fluid inclusion and SIMS "0 _,
den complexities in orogenic gold settings
Choquette, B.G., Kontak, D.J., Harquail School of Earth Sciences at Laurentian University, Sudbury, ON P3E

2C6, bchoquette@laurentian.ca, and Fayek, M., Department of Geological Sciences, University of Manitoba, Win-
nipeg, MB R3T 2N2

Re-examining the emplacement of the J-M Reef in the Stillwater Complex
Chrzastowski, K.B., konrad.chrzastowski@mail.utoronto.ca, and Mungall, J.E., Dept of Earth Sciences, University
of Toronto, 22 Russell St, Toronto, ON M5S 3B1

The Davis Strait BLIP: A retrospective reconciliation of igneous petrogenesis and plate tectonics
Clarke, D.B., Dalhousie University, Halifax, NS B3H 4R2, clarke(@dal.ca

Detrital geochronology of the Laguiche Complex in the Opinaca: Constraints on the provenance
and tectonic setting of a metasedimentary subprovince of the Superior craton

Cleven, N.R., nathan.cleven. I @ulaval.ca, Guilmette, C., Université Laval, Département de géologie et de génie
géologique, pavillon Adrien-Pouliot 1065, av. de la Médecine, Québec, QC G1V 046, Goutier, J., Ministére de
I’Energie et des Ressources naturelles du Québec, and Davis, D.W., University of Toronto, Department of Earth Sci-
ences, 22 Russell St., Toronto, ON M5S 3B1

Paleozoic arcs with offset age distributions indicate successive accretion in the southern Central
Asian Orogenic Belt, NW China

Cleven, N.R., ncleven@uwaterloo.ca, Lin, S., Department of Earth and Environmental Sciences, University of
Waterloo, 200 University Avenue West, Waterloo, ON N2L 3G1, Xiao, W., State Key Laboratory of Lithospheric
Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China, Davis, D.W.,
Department of Earth Sciences, University of Toronto, 22 Russell Street, Toronto, ON M5S 3B1, and Davis, W.J.,
Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES

Matachewan LIP revisited: A revised, high-resolution U-Pb age for the East Bull Lake intrusion and
associated units

Clough, C.E., cassandra.clough@mail utoronto.ca, and Hamilton, M.A., Department of Earth Sciences, University
of Toronto, 22 Russell St., Toronto, ON M5S 3B1

Geochemistry and isotopic character of Precambrian granitoid suites across the Nolan-Zemlak do-
main boundary, west-southwest Rae craton: Testing the possibility of a cryptic internal suture zone
Cloutier, M., Bethune, K.M., Dept. of Geology, University of Regina, 3737 Wascana Parkway, Regina, SK §4S 042,
and Ashton, K.E., Saskatchewan Ministry of the Economy, Saskatchewan Geological Survey, 1000-2103 11" Avenue,
Regina, SK S4P 378

Carbon isotope evolution within an Ediacaran mixed deep-marine continental slope system, Winder-
mere Supergroup, Canadian Cordillera, British Columbia

Cochrane, D.J.W., dcoch066@uottawa.ca, Amott, R W.C., and Navarro, L., University of Ottawa, Department of
Earth Sciences, Ottawa, ON KIN 6N5

Contractional deformation in Yukon Tanana terrane recorded by the Yukon River Thrust
Coleman, M.J.!, colemanmarco@gmail.com, Parsons, A.J.%, Gibson, H.D.!, Ryan, J.J.2, and Larson, K.P.3, 'Simon
Fraser University, Burnaby, BC; *Geological Survey of Canada, Vancouver, BC; *University of British Columbia
Okanagan, Kelowna, BC

., Study of a Meguma quartz vein sample reveals hid-
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69 William E. Logan and the Geological Survey of Canada
Cote, P, Bureau, J-F., Nadeau, L. and Jacob, N., Geological Survey of Canada, GSC-Québec, 490, rue de la Cou-
ronne, Québec, QC GIK 949, pascale.cote@canada.ca

70 The tectonometamorphic context of the north-west Opinaca, Superior Province, Eeyou Istchee Baie
James
Cété-Roberge, M., Université Laval, Pavillon Adrien-Pouliot, local 4309 1065 avenue de la Médecine, Université
Laval, Québec, QC G1V 046, myriam.cote-roberge. l@ulaval.ca

71 Late Miocene-Pleistocene evolution of India-Eurasia convergence partitioning between the Bhutan
Himalaya and the Shillong plateau
Coutand, 1., Department of Earth Sciences, Dalhousie University, PO Box 15000, Halifax, NS B3H 4R2, icoutand@
dal.ca

72 Keynote (40 min): Processes of gold mobility and deposition in circum-Pacific convergent zones:
Yukon (Canada), southern New Zealand, and Taiwan
Craw, D., Geology Department, University of Otago, Dunedin 9054, New Zealand

73 Contrasting metamorphic and meteoric fluid flow mechanisms and pathways in an actively deform-
ing convergent orogen, New Zealand
Craw, D., University of Otago, Dunedin 9054, New Zealand, dave.craw@otago.ac.nz, and Upton, P., GNS Science,
Lower Hutt, New Zealand

74 Chemistry and structure of tetragonal garnets
Cruickshank, L.A., lacruick@ucalgary.ca, and Antao, S.M., University of Calgary, 2500 University Drive NW, Cal-
gary, AB T2N IN4

75 Morphodynamic evolution of the Kicking Horse River, BC; an integration of ground-penetrating
radar, remote sensing, and gauging record analysis
Cyples, N.N., ncyples@laurentian.ca, lelpi, A., Harquail School of Earth Sciences, Dirszowsky, R.W., School of the
Environment, Laurentian University, 935 Ramsey Lake Road, Sudbury, ON P3E 2C6

76 Retrogressive stacking of parasequences in a tide-dominated delta: The transgressive phase of the
Changjiang (Yangtze River) Delta
Dalrymple, R.'W., Queen'’s University, Kingston, ON K7L 3N6 dalrympl@queensu.ca, and Zhang, X., Nanjing Uni-
versity, Nanjing, Jiangsu, China

77 Integrated high-resolution stratigraphic analysis of the paleotropical carbonates spanning the Ordo-
vician-Silurian boundary (Katian-Aeronian), Anticosti Island, Québec

Daoust, P., Mauviel, A., and Desrochers, A., University of Ottawa, Department of Earth and Environmental Sci-
ences, ON KIN 6N35, pdaou069@uottawa.ca

78 Sulfur and carbon isotopes in tree rings as a record of volcanic activity: A new approach to studying
the gases at Turrialba volcano, Costa Rica
D’Arcy, F., Fiona.darcy@mcgill.ca, Stix, J., Department of Earth & Planetary Sciences, McGill University, Montré-
al, OQC, Boucher, E., Département de Géographie, Université du Québec a Montréal, Montréal, QC, and De Moor,
M., Observatorio Vulcanologico y Sismologico de Costa Rica, Heredia, Costa Rica

79 Keynote (40 min): Beta diversity, conservation paleobiogeography, and the ‘6™ mass extinction’
Darroch, S.A.F., Vanderbilt University, simon.a.darroch@vanderbilt.edu

80 Evolution of fault slip surfaces with increasing displacement
Dascher-Cousineau, K., kelian.dascher-cousineau@mail.mcgill.ca, and Kirkpatrick, J., McGill University, 3450 rue
University, Montreal, OC H34 0G5

81 Overview of major 2100-2125 Ma mafic dyke swarms and sill provinces across Archean cratonic
fragments
Davey, S.C.!, sarah.davey@carleton.ca, Bleeker, W.2, Kamo, S.°, Vuollo, J., Huhma, H.5, and Ernst, R.!, 'Carleton
University, 1125 Colonel By Drive, Ottawa, ON KIN 5B6; *Geological Survey of Canada, 601 Booth Street, Ot-
tawa, ON KI1A OES; 3Jack Satterly Lab, University of Toronto, 22 Russell Street, Toronto, ON M5S 3B, *Geolog-
ical Survey of
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Secondary calcite as a useful U-Pb geochronometer: An example from the Paleozoic sedimentary
sequence in southern Ontario

Davis, D.W,, Sutcliffe, C.N., Smith, P,, Zajacz, Z., Dept. of Earth Sciences, University of Toronto, 22 Russell St., To-
ronto, ON M5S 3B1, dond@es.utoronto.ca, Thibodeau, A.M., Department of Earth Sciences, Dickinson College, PO
Box 1773, Carlisle, PA 17013, USA, Spalding, J., Schneider, D., Department of Earth and Environmental Sciences,
University of Ottawa, FSS Hall, 120 University, Ottawa, ON KIN 6N5, Adams, J., Geological Survey of Canada,
601 Booth Street, Ottawa, ON K14 OES, Cruden, A., School of Earth, Atmosphere and Environment, Monash Uni-
versity, Melbourne, Australia, Parmenter, A., Nuclear Waste Management Organization, 22 St. Clair Avenue East,
Toronto, ON MA4T 253

Developing the bedrock layer for Canada 3-D: The Precambrian-Phanerozoic boundary
de Kemp, E.A., Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, Ottawa, ON, eric.
dekemp@canada.ca, Schetselaar, E.M., Hillier, M., and Montsion, R., University of Ottawa, Ottawa, ON

Keynote (40 min): The role of automated mineralogy in GeoMetallurgy

de Souza, H., Hugh.desouza@sgs.com, Downing, S., Stephanie. Downing@sgs.com, Gunning, C., Chris. Gunning@
sgs.com, and Grammatikopoulos, T., tassos.grammatikopoulos@sgs.com, SGS Canada Inc, 185 Concession St.,
Lakefield, ON KOL 2H0

Till geochemistry and gold grain counts over the Amaruq property (Nunavut): Glacial dispersal of a
gold deposit in permafrost terrain

De Vazelhes, V.\, victor.de-bronac-de-vazelhes. | @ulaval.ca, Boulianne-Verschelden, N.!, Beaudoin, G.!, McMartin,
1.2, Coté-Mantha, O, and Simard, M.2, 'Laval University, pavillon Adrien-Pouliot, 1065, av. de la Médecine, bu-
reau 4309, Québec, QC G1V 046, *Geological Survey of Canada; *Mines Agnico Eagle

Relating Ediacaran fronds

Dececchi, T.A., td50@queensu.ca, Narbonne, G.M., Geological Sciences & Geological Engineering, Queen's
University, Bruce Wing/Miller Hall, 36 Union Street, Kingston, ON K7L 3N6, Laflamme, M., Department of Chemi-
cal and Physical Sciences, University of Toronto Mississauga, 3359 Mississauga Road, Mississauga, ON L5L 1C6,
and Greentree, C., School of Geosciences, Monash University, Melbourne, 3800, Australia

Three spatially and temporally associated porphyry deposits with distinct Cu:Au:Mo ratios, Wood-
jam district, central British Columbia

del Real, 1.}, id92@cornell.edu, Bouzari, F.2, Bissig, T.2, Blackwell, J.%, Rainbow, A.% Sherlock, R.%, and Thompson,
J.EH.Y, 'Cornell University, Department of Earth and Atmospheric Sciences, Ithaca, NY 14853-1504 USA; *Univer-
sity of British Columbia, Dept. of Earth, Atmospheric and Oceanic Sciences, Vancouver, BC V6T 174, 3Long Point
Geologic Ltd.; *Barr

Reef response to sea-level and environmental changes during the end Ordovician deglaciation: Evi-
dence from calcimicrobial-skeletal bioherms, Anticosti Island, Québec

Desrochers, A., Dept. of Earth and Environmental Sciences, University of Ottawa, ON KIN 6N5, andre.desro-
chers@uottawa.ca

The structure and chemistry of some lead-apatite minerals
Dhaliwal, L., idhaliwa@ucalgary.ca, and Antao, S.M., University of Calgary, University Drive NW, Calgary, AB
T2N IN4

Carbonate clumped isotope thermometry of the Ordovician Red Head Rapids Formation: An evalu-
ation of petroleum source rock development in the Hudson Bay Basin

Dhillon, R.S., ryan.dhillon@canada.ca, Savard, M.M., and Lavoie, D., Geological Survey of Canada, 490 de la
Couronne, Québec, QC GIK 949

Deep tunnelling geohazards: The critical role of engineering geology
Diederichs, M.S., Geological Sciences and Geological Engineering, Miller Hall, Queen's University, Kingston, ON
K7L 3N6

Near field geomechanics: Excavation Damage Zone simulation and prediction from grain to excava-
tion scale

Diederichs, M.S., Professor, Geological Sciences and Geological Engineering, Miller Hall, Queen's University,
Kingston, ON K7L 3N6
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Characterization of the Temagami BIF hydrothermal system
Diekrup, D., ddiekrup@uottawa.ca, and Hannington, M., University of Ottawa, Ottawa, ON KIN 6N5

Contrasting styles of palladium mineralization in the Lac des Iles Complex, Ontario
Djon, M.L., 12dmin@queensu.ca, Peck, D.C.2, Olivo, G.R.,, and Miller, 1.3, 'Queen’s University, Kingston, ON
K7L 3N6; 2North American Palladium Ltd., Thunder Bay, ON; UMD, Duluth, Minnesota, USA

Advancement of geoeducation and research via public response to the Ottawa-Gatineau Geoheritage
Project
Donaldson, J.A., Carleton University, Col. By Drive, Ottawa, ON KIS 5B6, donaldson6427@rogers.com

The use of methane clumped isotopes as a new tool to understand the formation of natural gas reser-
voirs

Douglas, PM.J.!'2, peter.douglas@mcgill.ca, Stolper, D.A.%?, Lawson, M.#, Shuai, Y.5, Walter Anthony, K.M.%, Eiler,
J.M.2, and Sessions, A.L.2, 'Department of Earth and Planetary Sciences, McGill University, Montreal, QC; 2Divi-
sion of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA, USA; *Department of
Earth and Planetary Science, University

The Bissett Creek flake graphite deposit: Hydrothermal or metamorphic?
Drever, C.R., crdrever@uwaterloo.ca, Yakymchuk, C., University of Waterloo, 200 University Avenue West, Water-
loo, ON N2L 3G1, and Taner, M.F., Taner and Associates, Gloucester, ON

The role of authigenic Mg-clays in calcrete-hosted uranium deposits at Lake Way, Western Australia
Drummond, J.B.R., Kyser, T.K., and James, N.P., Queen s University, 36 Union Street, Kingston, ON K7L 3N6, j.
drummond@queensu.ca

Investigating the metamorphic history of the Bancroft Terrane (Ontario Grenville) using the new
thermodynamic software approach Bingo-Antidote

Duesterhoeft, E., ed@min.uni-kiel.de, Appel, P., Gremler, P., and Raase, P., University of Kiel, Ludewig-Meyn-Str.
10, D-24118 Kiel, Germany

Metamorphism of mafic metavolcanics at the Ore Chimney Mine, southwestern Grenville Province
Duffett, C., charleneduffett@carleton.cmail.ca, and Honsberger, 1., Department of Earth Sciences, Carleton Univer-
sity, 1125 Colonel By Drive, Ottawa, ON KIS 5B6

The Shawinigan and Ottawan orogenies in the northwestern Central Metasedimentary Belt, Ontar-
io: Insights from the Mazinaw and Black Donald domains

Duguet, M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, 933 Ramsey Lake Road,
Sudbury, ON P3E 6B5, manuel.duguet@ontario.ca

Calcite-graphite isotope thermometry in the western Central Metasedimentary Belt, Grenville Prov-
ince, Ontario

Dunn, S.R.!, sdunn@mtholyoke.edu, Kotikian, M.2, Achenbach, K.3, Nesbit, J., Montanye, B.’, Peck, W.5, and Mar-
kley, M., 'Geology & Geography, Mount Holyoke College, South Hadley, MA 01075 USA; *Geology & Geophys-
ics, University of Wyoming, Laramie, WY 82071 USA; *Macmillan Academy, Middlesbrough, North Yorkshire,

UK; *Qualtrics, 400 W 5050 N, Provo, UT 8

An investigation of groundwater vulnerability in a karst aquifer near Plantagenet, eastern Ontario
Dyck, A., Redmond, B., Ahmed, M., Zal, D., Zhang, X., and Al, T.A., Department of Earth & Environmental Sci-
ences, University of Ottawa

Experimental constraints on thermosolutal convection in the stratified Sudbury impact melt sheet
Dyer, S.C., sabastein.dyer@mail.utoronto.ca, and Mungall, J.E., Dept of Earth Sciences, University of Toronto, 22
Russell St, Toronto ON, M5S 3B1

Metamorphic and tectonic history of Frontenac terrane revisited: Evidence for a high-pressure re-
gime preserved in the hanging-wall of the Maberly shear zone, near Perth, Ontario

Easton, R.M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, B7064, 933 Ramsey
Lake Road, Sudbury, ON P3E 6B5, mike.easton@ontario.ca
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Metasomatism, syenite magmatism and rare earth element and related metallic mineralization in
Bancroft and Frontenac terranes, Grenville Province, Ontario a preliminary deposit model

Easton, R.M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, B7064, 933 Ramsey
Lake Road, Sudbury, ON P3E 6B5, mike.easton(@ontario.ca

Keynote (30 min): Dynamics of fault activation by hydraulic fracturing in overpressured shales
Eaton, D.W., University of Calgary, eatond@ucalgary.ca, Cheadle, B.A., Western University, bcheadle@uwo.ca,
and Bao, X., Zhejiang University, xwbao@zju.edu.cn

The global LIPs GIS database: Tool for exploration targeting

Ernst, R.E.!, Richard Ernst@ErnstGeosciences.com, Jowitt, S.M.2, Botsyun, S.3, and Mathieson, D.!, 'Department
of Earth Sciences, Carleton University, Ottawa, ON KIS 5B6; *Department of Geoscience, University of Nevada,
Las Vegas, NV 89154-4010, USA; 3Laboratoire des Sciences du Climat et de I’Environnement, LSCE/IPSL, CEA-
CNRS-UVSQ

Paleomagnetic testing of the Vaalbara supercraton joined to Superia
Evans, D.A.D., Dept. Geology & Geophysics, Yale University, New Haven, CT 06520, USA, david.evans@yale.edu,
and Gumsley A.P., Dept Geology, Lund University, Lund 223-62, Sweden, ashley.gumsley@geol.lu.se

The Oak Ridges Moraine was deposited between two fast-flowing ice streams
Eyles, N., eyles@utsc.utoronto.ca, Sookhan, S., and Arbelacz-Moreno, L., University of Toronto at Scarborough,
Military Trail, Scarborough ON MI1C 144

Design, construction and use of an experimental vessel for the investigation of factors influencing
soft-tissue decay and preservation with regards to clay mineralogy

Facciol, A., amanda.facciol@mail utoronto.ca, Piunno, P., and Laflamme, M., University of Toronto Mississauga,
Department of Chemical and Physical Sciences

Magnetic fabric study of offset dyke emplacement and sulfide mineralization in the North Range of
the Sudbury Impact Structure, Ontario, Canada

Fernandes, E., Department of Earth Sciences, Western University, London, ON N6A 5B7, McCausland, P.J.A., West-
ern Paleomagnetic and Petrophysical Laboratory, Western University, London, ON N6A4 5B7, (Phone: 519 661-2111
x88008), pmccausl@uwo.ca, Pilles, E., and Osinski, G.R., Centre for Planetary Science and Exploration, Western
University, London, ON N6A4 3K7

Siliciclastic units of the Proterozoic Vazante Group, Minas Gerais, Brazil: Evidence for arc prov-
enance

Fernandes, N.A., Olivo, G.R., Layton-Matthews, D., Department of Geological Sciences and Geological Engineer-
ing, Queen’s University, Kingston, ON, 14nafl@queensu.ca, and Diniz-Oliveira, D., Votorantim Metais Exploration,
Sao Paulo, Brazil

The origin of Late Devonian (Frasnian) stratiform and stratabound mudstone-hosted barite in the
Selwyn Basin, Northwest Territories, Canada

Fernandes, N.A.'%, nafernan@ualberta.ca, Magnall, ].M.?, Gleeson S.A.}, Gleeson, S.A.*, Creaser R.A.!, Martel,
E.S, Fischer, B.5, and Sharp, R.A.%, 'Dept. of Earth and Atmospheric Sciences, University of Alberta, Edmonton, AB
T6G 2E3; 2Department of Geological Sciences and Geological Engineering, Queen's University, 36 Union Street,
Kingston, ON K7L 3N6, *Helmholtz Centre Potsdam, G

Spot the difference: Investigating in situ lead isotope variations by LA-ICP-MS in plagioclase and
clinopyroxene from the Kiglapait layered intrusion

Fourny, A., afourny@eos.ubc.ca, Weis, D., Scoates, J.S., and Amini, M., PCIGR, Department of Earth, Ocean &
Atmospheric Sciences, University of British Columbia, Vancouver, BC V6T 174, afourny@eos.ubc.ca

The influence of spatial and temporal resolution when simulating groundwater — surface water inter-
actions with a fully integrated model

Frey, S.K., sfrey@aquanty.com, Berg, S.J., Hwang, H-T., Park, Y-J., Sudicky, E.A., Aquanty, Waterloo, ON, and Rus-
sell, H.A.J., Geological Survey of Canada, Ottawa, ON
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Platinum group element residence sites in Ni-Mo-Zn-PGE mineralized black shales, Yukon
Gadd, M.G., michael.gadd@canada.ca, Peter, .M., Jackson, S., and Yang, Z., Geological Survey of Canada, 601
Booth Street, Ottawa, ON KI1A OES

Surficial stratigraphy, past ice flows and their implications for drift prospecting in the Hudson Bay
Lowlands, Canada

Gao, C., george.gao@ontario.ca, Crabtree, D.C.!, McCarthy, FM.G.2, Menzies, J.2, Huot, S.>, McAndrews,

J.H.4 Clarke, S.! and Turton, C.L.°, 'Ontario Geological Survey, Sudbury, ON P3E 6B5; 2Brock University, St.
Catharines, ON L2S 3A41; 3University of lllinois, Champaign, IL 61820, USA; *University of Toronto, Toronto,
ON; SRoyal Ontario Museum, Toronto, ON M5S 2C6

LA-ICP-MS determination of Pb isotopes and trace elements in galena from the Caribou VMS de-
posit, New Brunswick, Canada: Implications for the source of metals and fluids

Garcelon, E.A., Lentz D.R., and McFarlane, C.R.M., Department of Earth Sciences, University of New Brunswick,
Fredericton, NB E3B 543, e.a.garcelon@gmail.com

Crustal-scale tectonism of the Yukon Tanana Terrane, northern Canadian Cordillera: Constraints
from zircon and apatite thermochronology

Gaudreau, E.!, egaud052@uottawa.ca, Schneider, D.!, Ryan, 1.2, and Audet, P.!, 'University of Ottawa, Ottawa,
ON; 2Natural Resources Canada, Geological Survey of Canada, Vancouver, BC

Ductile deformation and shear zone development in the South Range of the Sudbury impact struc-
ture

Généreux, C-A., cgenereux@laurentian.ca, Lafrance, B. and Tinkham, D.K., Mineral Exploration Research Centre
(MERC), Harquail School of Earth Sciences, Laurentian University, Sudbury, ON

Application of a hydrogeological conceptual model, south-central Ontario
Gerber, R.E. and Holysh, S., Oak Ridges Moraine Groundwater Program, 101 Exchange Avenue, Vaughan, ON L4K
SR6, rgerber@owrc.ca

Along-strike comparison of orogenesis and orogenic collapse within the Canadian Cordillera: Con-
sequences of long-lived oblique convergence
Gibson, H.D., Simon Fraser University, 8888 University Dr., Burnaby, BC V5A 156, hdgibson@sfu.ca

Gold deportment: Insights from exploration techniques

Girard, R., rejeang@iosgeo.com, Leconte, V., vleconte@iosgeo.com, Néron, A., neron.alex@gmail.com, I0S Ser-
vices Géoscientifiques Inc, 1319 Boulevard St-Paul, Saguenay, QC G7J 3Y2, and Bédard, P., Paul Bedard@uqac.
ca, Sciences de la Terre, LabMaler, Université du Québec a Chicoutimi, Saguenay, QC

The “Lift-Index”: A method for the recognition of complex and heterogeneous signal in soil geo-
chemistry

Girard, R., 10S Services Géoscientifiques Inc, 1319 Boulevard St-Paul, Saguenay, QC G7J 3Y2, rejeang@iosgeo.
com

Charaterization of the metamorphic gradient across the New Quebec Orogen and relationships to
tectonics

Godet, A., Guilmette, C., Département de géologie et de génie géologique, Université Laval, Québec, QC GIV
046, antoine.godet. 1 @ulaval.ca, and Labrousse, L., Laboratoire de Tectonique UMR 7072, UPMC T26E]1 case 129,
4, place Jussieu 75252 Paris cedex 05, France

Influence of inherited Indian basement faults on the evolution of the Himalayan Orogen

Godin, L.!, godinl@queensu.ca, Waffle, L.!, Harris, L.B.2, and Soucy La Roche, R.!, 'Geological Sciences and
Geological Engineering, Queen’s University, Kingston, ON K7L 3N6, >Institut national de la recherche scientifique,
Centre - Eau Terre Environnement, 490 de la Couronne, Quebec City, QC GIK 949

Testing the veracity of a key paleomagnetic pole from the initial assembly of the North American
continent

Gong, Z., z.gong@yale.edu, and Evans, D.A.D., david.evans@yale.edu, Yale University, 210 Whitney Avenue, New
Haven, CT, USA
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Early mafic magmatism in the Coldwell Alkaline Complex in comparison to MCR volcanism
Good, D.J., Department of Earth Sciences, Western University, London, ON N6A 5B7, dgood3@UWO.ca, McBride,
J., Stillwater Canada Inc., Marathon, ON, and Epstein, R., PO Box 548, Schreiber, ON

Stratigraphy, structure and magmatism at the Superior—Southern province boundary, southwest-
ern corner of the Sudbury Igneous Complex, Ontario

Gordon, C.A., caroline.gordon@ontario.ca, and Simard, R-L., Earth Resources and Geoscience Mapping Section,
Ontario Geological Survey, Sudbury, ON P3E 6B5

Large-scale landscape and lithospheric flexure responses to the Pliocene-Pleistocene climate transi-
tion, Arctic Canada

Gosse, J.C., John.Gosse@dal.ca, Manion, P., Dalhousie University, Halifax, NS B3H 4R2, Rybczynski, N., Car-
leton University, Ottawa, ON KIS 5B6, Hidy, A., Lawrence Livermore National Laboratory, Livermore, CA 94550,
US4, Froese, D., University of Alberta, Edmonton, AB T6G 2E3, Bond, J., Yukon Geological Survey, Whitehorse,
YK YIA 2C6, Wilton, D., Memorial University, St. John's, NL. A1B 3X5, and Lakeman, T., Geological Survey of
Norway, 7491 Trondheim, Norway

Stratigraphy, chemostratigraphy and paleoenvironmental analysis of a ~1.0 Ga carbonate shelf suc-
cession: The Brock Inlier, Northwest Territories, Canada

Greenman, J.W.}, wilder.greenman@carleton.ca, Rainbird, R.H.?, Dix, G.R.!, and Turner, E.C.23, 'Carleton Univer-

sity, 1125 Colonel By Dr., Ottawa, ON KIS 5B6; *Geological Survey of Canada, Ottawa, ON; *Laurentian Univer-
sity, 935 Ramsey Lake Road, Sudbury, ON P3E 2C6

Contrasting Archean and Proterozoic subcontinental lithospheric mantle: Constraints from the geo-
chemistry of LIP continental flood basalts

Greenough, J.D., john.greenough@ubc.ca, and McDivitt, J.A., jmcdivitt@gmail.com, Earth, Environmental and
Geographical Sciences, UBC Okanagan, 3333 University Way, Kelowna, BC VIV 1V7

Understanding the response of arsenic in sub-Arctic lakes to Holocene climate variability

Gregory, B.R.B.!, braden.gregory@carleton.ca, Patterson, R.T.!, Galloway, J.M.2 Nasser, N.A.!, Macumber,
A.L2, Falck, H.4, and Sexton, A5, 'Carleton University, 1125 Colonel By Dr., Ottawa, ON KIS 5B6; *Geological
Survey Canada, 3303-33 St. NW, Calgary, AB, T2L 247, 3School of Natural and Built Environments, Queen s Uni-
versity Belfast, Elmwood Avenue, BF'S, UK, BT7 INN; *Nort

Keynote (30 min): Self-consistent shear zone formation with applications to thermochronological
dataset interpretation

Grujic, D., Department of Earth Sciences, Dalhousie University, Halifax, NS B3H 4R2, dgrujic@dal.ca, Jaquet,
Y., Duretz, T., Masson, H., and Schmalholz, S.M., Institute of Earth Sciences, University of Lausanne, 1015 Laus-
anne, Switzerland

Use of anisotropy of magnetic susceptibility (AMS) to analyze magmatic petrofabrics in Cu and PGE
bearing gabbroic units of the Marathon Cu-PGE deposit, Ontario

Gunawardana, H., McCausland, P.J.A., Good, D.J., and McBride, J., Department of Earth Sciences, Western Univer-
sity, London, ON N6A 5B7, hgunawa@uwo.ca

Community organization of equatorial reef-dwelling brachiopods from the early Silurian (late Tely-
chian) Attawapiskat Formation, Hudson Bay, Canada

Gushulak, C.A.C., Paleoecological Environmental Assessment and Research Laboratory (PEARL), Department of
Biology, Queen's University, Kingston, ON K7L 3N6, 16cacg@queensu.ca, and Jin, J., Department of Earth Sci-
ences, The University of Western Ontario, London, ON N6A 5B7

One billion years of fluid-flow through giant carbonate mounds, Mesoproterozoic Nanisivik zinc
district, Nunavut

Hahn, K.E., kx_hahn@laurentian.ca, Turner, E.C., and Kontak, D.J., Harquail School of Earth Sciences, Sudbury
ON

Late Ordovician chemostratigraphy of the Hudson Bay and Moose River basins
Hahn, K.E., Harquail School of Earth Sciences, Sudbury ON, kx_hahn@laurentian.ca, Turner, E.C., Armstrong,
D.K., and Nicolas, M.P.B.
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New U-Pb ages on Neoproterozoic dykes in Yukon and Tasmania: Further evidence for a Laurentia-
Tasmania liaison in Rodinia?

Halverson, G.H., McGill University, 3450 University Street, Montreal, QC H3A OES, galen.halverson@mcgill.

ca, Denyszyn, S.W., McGregor, C., University of Western Australia, Perth 6009, WA, Australia, Cox, G.M., Univer-
sity of Adelaide, North Terrace, Adelaide 5000, SA, Australia, Everard, J., Cummings, G., Mineral Resources Tasma-
nia, PO Box 56, Hobart 7018, TAS, Australia, and Calver, C., University of Tasmania, Private Bag 79, Hobart, TAS,
7001, Australia

Matachewan dyke swarm: New high-resolution U-Pb studies refine the emplacement chronology of
the Matachewan LIP

Hamilton, M. A., mahamilton@es.utoronto.ca, Walsh, N.J., Earth Sciences, University of Toronto, Toronto, ON M5S
3B1, Bleeker, W., Geological Survey of Canada, Natural Resources Canada, 601 Booth St., Ottawa, ON KI1A4 OES,
and Halls, H.C., Dept. of Chemical and Physical Sciences, University of Toronto Mississauga, Mississauga, ON L5L
1C6

U-Pb dating of Payne River and Tasiataq diabase dykes of the NE Superior craton: Implications for
the 2.17 Ga Biscotasing magmatic event and rifting along the eastern cratonic margin

Hamilton, M.A., Earth Sciences, University of Toronto, 22 Russell St., Toronto, ON M5S 3B1, mahamilton(@
es.utoronto.ca, Pehrsson, S.J., and Buchan, K.L., Geological Survey of Canada, Natural Resources Canada, 601
Booth St., Ottawa, ON K14 OES

An experimental and innovative approach to peer learning in the field
Hanano, D., dhanano@eos.ubc.ca, Scoates, J.S., Weis, D., Bilenker, L.D., and Gilley, B., University of British Co-
lumbia, #2020-2207 Main Mall, Vancouver, BC V6T 174

A new geological map and map database for Canada north of 60
Harrison, J.C., St-Onge, M.R., Paul, D., and Brodaric, B., Geological Survey of Canada, Ottawa, ON KIA
OES, christopher.harrison@canada.ca

The life of a LIP plume tail: Hawaiian-Emperor chain over ~85 Myr
Harrison, L.N., Pacific Center for Isotopic and Geochemical Research, Dept. of Earth, Ocean & Atmospheric Sci-
ences, University of British Columbia, Vancouver, BC, lharriso@eoas.ubc.ca (+ 2nd author)

Integration of high-resolution datasets for hydrogeologic characterization of contaminated glacial
sediments in south central Wisconsin

Harvey, TM.!, tharvey@g360group.org, Arnaud, E.2, Parker, B.L.!, Meyer, J.R.!, and Steelman, C.M.!, 'G360 Cen-
tre for Applied Groundwater Research, School of Engineering, University of Guelph, 50 Stone Road E, Guelph, ON
NIG 2W1; *School of Environmental Sciences, University of Guelph, 50 Stone Road E, Guelph, ON NI1G 2W1

Characterizing gold remobilization

Hastie, E.C.G."%, ehastie@laurentian.ca, Kontak, D.J.!, and Lafrance, B.!, 'Harquail School of Earth Sciences, Lau-
rentian University, Sudbury, ON P3E 2C6; 2Earth Resources and Geoscience Mapping Section, Ontario Geological
Survey, Sudbury, ON P3E 6B5

The Neoproterozoic and Triassic convergence records of metasedimentary rocks in the accretionary
Nam Co complex, Song Ma Suture Zone, NW Vietnam

Hau, B.V, Kim, Y., Chungbuk National University, Cheongju 28644, Republic of Korea, buivinhhau@humg.edu.
vn, Ngo, T.X., Tran, H.T., Department of Geology, Hanoi University of Mining and Geology, Hanoi, Vietnam,

and Yi, K., Division of Environmental & Material Sciences, Korea Basic Science Institute, Cheongju 28119, Repub-
lic of Korea

Ferromanganese concretions record lake history over the past >7000 years.
Hayles, S.F., Al, T., Cornett, R.J. and Harrison, A., University of Ottawa, Advanced Research Complex, 25 Temple-
ton St., Ottawa, ON KIN 6N3, shayl019@uottawa.ca

GAC-MAC 2017 - Volume 40 Abstract Titles / Titres Des Résumés X1



151

152

153

154

155

156

157

158

159

160

161

Challenges in subdividing the Quaternary System: From the Anthropocene to formal subseries for
the Cenozoic
Head, M.J., Brock University, 1812 Sir Isaac Brock Way, St. Catharines, ON L2S 341

Provenance and sedimentary environments of the Labrador Trough, Canada: Contributions from
petrography, geochemistry and Nd systematics of metaconglomerates and matrix-rich metasedi-
ments

Henrique-Pinto, R., Guilmette, C., Université Laval, Faculté des sciences et de génie, Département de géologie et de
génie géologique, 1065 Avenue de la Médecine, Québec, OC G1V 046, Bilodeau, C., Ministére de I’Energie et Res-
sources Naturelles du Québec; 5700, 4e Avenue Ouest, Québec, A301, and Stevenson, R., UQDAM

Evidence for ~ 40 Ma transition from a continental forearc to a wedge-top basin in eastern part of
Labrador Trough

Henrique-Pinto, R., Université Laval, Faculté des sciences et de génie, Département de géologie et de génie
geologique, 1065 Avenue de la Médecine, Québec, QC G1V 046, natohp@yahoo.com.br (+3 others)

The 175 Objects Project: Canada@150, GSC@175: 1842-2017
Herd, R.K., GSC (Retired), 601 Booth Street, Ottawa, ON KIA OES, herdrk@gmail.com

Iodine-129 age and porewater residence time constraints within Upper Ordovician clastic and car-
bonate sediments of the Michigan Basin

Herod, M.N.!, mattherod@gmail.com, Seguin, J.!, Cornett, R.J.!, Kieser, L.E.!, Jensen, M.%, and Clark, 1.D.!, 'Uni-
versity of Ottawa, Advanced Research Complex, Department of Earth Sciences, Ottawa, ON KIN 6N5; *Nuclear
Waste Management Organization, Toronto, ON

Soft-sediment deformation structures and associated microbial mat structures in the Paleoprotero-
zoic Gordon Lake Formation, Huronian Supergroup

Hill, C.M., and Corcoran, P.L., University of Western Ontario, 1151 Richmond St. N., London, ON N6A4

3L6, chill59@uwo.ca

Structural analysis and paragenesis of the Arrow uranium deposit, Athabasca Basin, Saskatchewan
Hillacre, S., seh516@mail.usask.ca, Ansdell, K., University of Saskatchewan, 114 Science Place, Saskatoon, SK
S7N 5E2, McEwan, B., NexGen Energy Limited, Bay C-3335 Wells Avenue, Saskatoon, SK S7K 5W6, and McNama-
ra, G., NexGen Energy Limited, 3150-1021 West Hastings Street, Vancouver, BC V6E 0C3

Modelling infrastructure for national scale 3D geological models
Hillier, M.J., Michael Hillier@canada.ca, and Brodaric, B., Geological Survey of Canada, 601 Booth Street, Ot-
tawa, ON KI1A OES8

Timing and influence of major faults in the evolution of the Devonian-Permian Maritimes Basin
complex, New Brunswick and adjacent offshore, eastern Canada

Hinds, S.J. and Park, A.F., Department of Energy and Resource Development, Geological Surveys Branch, PO Box
6000, Fredericton, NB E3B 5HI, adrian.park@gnb.ca

The Kaskattama highland: Till composition and indications of a new Precambrian inlier in the Hud-
son Bay Lowland?

Hodder, T.J.!, tylerhodder@gov.mb.ca, Kelley, S.E.2, Trommelen, M.S.!, Ross, M.%, and Rinne, M.L.!, 'Manitoba
Geological Survey, 360-1395 Ellice Ave., Winnipeg, MB R3G 3P2; 2University of Waterloo, 200 University Ave. W.,
Waterloo, ON N2L 3G1

Revisiting the Belcher Group: High-resolution carbon isotope chemostratigraphy reveals carbon
cycle fluctuations at ~2.0 Ga

Hodgskiss, M.S.W.!, mswh@stanford.edu, Frost, J.L.2, Halverson, G.P.2, and Sperling, E.A.!, 'Stanford University,
Stanford, CA 94305, USA; *McGill University, Montreal, QC H3A4 OES
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A long-lived Neoproterozoic carbonate platform and its Cryogenian glacial record: Stratigraphic
development of the Otavi Group in the easily accessible southern Kunene Region, Namibia
Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Halverson, G.P., Lamothe,
K.G., Earth & Planetary Sciences, McGill University, Montreal, QC H3A OES, Pruss, S.B., Geosciences, Smith
College, Northampton, MA 01063, USA, and Schrag, D.P., Earth & Planetary Sciences, Harvard University, Cam-
bridge, MA 02138, USA

Depocenters on Snowball Earth: A tunnel valley, subglacial rift-valley lake, giant moraine and er-
ratic blocks in the Sturtian Chuos Formation of NW Namibia

Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Hodgskiss, M.S.W., Geologi-
cal Sciences, Stanford University, Stanford, CA 94305, USA, Lamothe, K.S., Earth & Planetary Sciences, McGill
University, Montreal, QC H3A OES, and LoBianco, S.J.C., Earth & Planetary Sciences, Harvard University, Cam-
bridge, MA 02138, USA

Expanded freshwater oligotrophy on Snowball Earth and the origin of modern marine planktonic
cyanobacteria

Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Sanchez-Baracaldo, P.,
School of Geographical Sciences, University of Bristol, Bristol, BS8 1SS, UK, and Vincent, W.F., Departement de
biologie & Centre d’etudes nordiques, Universite Laval, Sainte-Foy, OC GIK 7P4

Call for further research on the architecture and evolution of the crust during continental arc mag-
matism: Coast Mountains batholith, British Columbia

Hollister, L.S., Princeton University, Princeton, NJ 08544, USA, Woodsworth, G.J., Geological Survey of Canada,
Vancouver, BC V6B 5J3, Rusmore, M.E., Occidental College, Los Angeles, CA 90041, USA, and Stowell, H.H.,
University of Alabama, Tuscaloosa, AL 35487-0338, USA

Mg isotope tracing of fluid migration during dolomitization
Holmden C., chris.holmden@usask.ca, and Kimmig S.R., Saskatchewan Isotope Laboratory, Department of Geo-
logical Sciences, University of Saskatchewan, Saskatoon, SK S7N 5E2

Mineralogical and chemical complexity in alteration in the Nechalacho rare-earth element deposit,
NWT
Hoyle, J.W.B, hoylej@uwindsor.ca, and Samson, .M., University of Windsor, Windsor, ON N9B 3P4

Late Mesozoic volcanism in the middle and lower Yangtze River reaches, China
Huaimin, X., Institute of Geology, Chinese Academy of Geological Sciences, Bejing, China, huaiminx@sina.com

Keynote (40 min): The stratigraphic expression of slope channel processes
Hubbard, S.M., University of Calgary, Calgary, AB T2N IN4, shubbard@ucalgary.ca

Keynote (40 min): Transport, fate and impact of metallic and metalloid elements in mining-affected
river systems

Hudson-Edwards, K.A.!, k.hudson-edwards@bbk.ac.uk, Bird, G.2, Brewer, P.3, Byrne, P.%, Jamieson, H.E.5, Onnis,
P.4 Macklin, M.G.%, Tame, C.!, and Williams, R.D.”, 'Department of Earth and Planetary Sciences, Birkbeck, Uni-
versity of London, WCIE 7HX, UK; 2School of Environment, Natural Resources and Geography, Bangor University,
Bangor, Gwynedd, LL57 2UW, UK; *Department of Geography and Earth Sci

Overall approach for conducting a postclosure safety assessment for a deep geological repository for
used nuclear fuel

Hunt, N.G., Nuclear Waste Management Organization, 22 St. Clair Avenue East, 6™ Floor, M4T 283, nhunt@nwmo.
ca

A structural investigation of the Thelon and Judge Sissons faults, northeast Thelon Basin, central
Rae Domain, Nunavut

Hunter, R.C., rhunter@laurentian.ca, Lafrance, B., Mineral Exploration Research Centre, Harquail School of Earth
Sciences, Goodman School of Mines, Laurentian University, Sudbury, ON P3E 2C6, and Thomas, D., Cameco Cor-
poration, 2121 11th Street West, Saskatoon, SK S7M 1J3
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The heat of orogeny: The importance of uniformly hot backarcs prior to orogenic collision
Hyndman, R.D., Pacific Geoscience Centre, Geological Survey of Canada and SEOS, University of Victoria,
BC, roy.hyndman@canada.ca

Lower crust detachment and channel flow everywhere in the North American Cordillera: The crust
moves independently of the mantle

Hyndman, R.D., Pacific Geoscience Centre, Geological Survey of Canada and SEOS, University of Victoria,

BC, roy.hyndman@canada.ca, and Currie, C.A., Dept. Physics, University of Alberta, AB

Converging morphometry of Proterozoic and post-vegetation rivers

lelpi, A., Laurentian University, 935 Ramsey Lake Rd., Sudbury, ON P3E 2C6, aielpi@laurentian.ca, Rainbird,
R.H., Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OES, Ventra, D., University of Geneva, 13 Rue
des Maraichers, Geneva, CH-1205, Switzerland, and Ghinassi, M., University of Padua, Via Gradenigo 6, Padua,
35131, Italy

Keynote (40 min): Understanding the metamorphic architecture of large hot orogens: Tools and
limitations with examples from the Grenville Province
Indares, A., Memorial University, St John's, NL, aindares@mun.ca

Aragonite facies in an Ordovician calcite sea
James, N.P.!, Armstrong, A.K.R.2, and Narbonne, G.M.!, 'Queen’s University, Kingston, ON; Z2International Ocean
Discovery Program, Texas A&M University, College Station, TX 77845-9547, USA

Compositional and diagenetic partitioning of cool-water carbonate marine and aeolianite sediments,
SE Australia; Resolution of a conundrum

James, N.P.}, Joury, M.R.F.}, Bone, Y., and Kyser, T.K.!, Malcolm, 1.\, |, Queen s University, Kingston, ON; *Ade-
laide University, Adelaide, South Australia

Application of automated mineralogy in human health risk assessment at the Giant Mine, Yellow-
knife

Jamieson, H.E., Dobosz, A., Bailey, A.S., Bromstad, M.L., Schuh, C.E., and Van Den Berghe, M.V., Queens Univer-
sity, Kingston, ON K7L 3N6, jamieson@queensu.ca

Keynote (40 min): Cryptic structures revealed - Where and how they form, and why it matters
Jamieson, R.A., Department of Earth Sciences, Dalhousie University, Halifax, NS B3H 4R2, beckyj@dal.ca,
and Beaumont, C., Department of Oceanography, Dalhousie University, Halifax, NS B3H 4R2

Deformation history of the Black Bay Fault

Jamison, D., djamison@uwaterloo.ca, Lin, S., University of Waterloo, Department of Earth and Environmental Sci-
ences, 200 University Ave W., Waterloo, ON N2L 3G1, Martel, E., Northwest Territories Geological Survey, 4601-B
520 Qve., Yellowknife, NT X1A 219, and Pehrsson, S., Geological Survey of Canada, 601 Booth Street, Ottawa, ON
S7M 1J3

3D numerical modeling of mantle lithospheric removal induced by eclogitization
Janbakhsh, P, Ph.D. Program, Dept. of Earth Sciences, University of Toronto, payman.janbakhsh@mail.utoronto.ca

Indicator minerals and pathfinder elements from a regional drilling program, Lac de Gras, NT; In-
sights into 3-D dispersion resulting from ice flow shifts

Janzen, R.J.D., r4janzen@uwaterloo.ca, Kelley, S.E., Ross, M., University of Waterloo, University Avenue West,
Waterloo, ON N2L 3G1, Normandeau, P.X., and Elliott, B., Northwest Territories Geological Survey, 52™ Avenue,
Yellowknife, NT XI1A 2L9

Structural control of mineralization and history of deformation at the Island Gold deposit, Superior
Province, Ontario

Jellicoe, K.M., kjellicoe@gmail.com, and Lin, S., University of Waterloo, University Avenue, Waterloo, ON N2L
3G1

Geochemical and textural analysis of the cyclic units in the Peridotite zone, Stillwater Complex,
Montana

Jenkins, M.C. and Mungall, J.E., University of Toronto, 22 Russell St., Toronto, ON M5S 3B1, chris.jenkins@mail.
utoronto.ca
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Adaptive Phased Management: Canada’s plan for long-term management of nuclear used fuel the
role of geosciences

Jensen, M.R., Nuclear Waste Management Organization, 22 St. Clair Ave. East, Toronto, ON MA4T 253, mjensen@
nwmo.ca

Triassic transpressional deformation along the Shangdan Tectonic Zone and the tectonics of the Qin-
ling orogenic belt in China

Jiang, D.!, Qu, M.}, Shi, J.!, djiang3@uwo.ca, L1, Y.%, and Lu, L.X.!, 'Earth Sciences, Western University, London,
ON N6A 5B7; *Department of Geology, Northwest University, Xi’an, 710069, China

Uranium and molybdenum isotope constraints on ocean redox conditions during deposition of the
Upper Devonian Kettle Point Formation, Ontario

Jieying, W., Department of Earth and Environmental Sciences, University of Waterloo, Waterloo, ON N2L 3G1 (+2
authors)

Most of the modern-day coastal zone in the upper Great Lakes was established many millennia ago
during the Nipissing phase

Johnston, J.W., jwjohnston(@uwaterloo.ca, Morrison, S., Department of Earth and Environmental Sciences and
Water Institute, University of Waterloo, 200 University Ave West, Waterloo, ON N2L 3G, Argyilan, E.P., In-
diana University Northwest, Department of Geosciences, Marram Hall 236, 3400 Broadway, Gary, IN 46408,
USA, Thompson, T.A., Indiana University, Indiana Geological Survey, 611 North Walnut Grove Avenue, Blooming-
ton, IN 47405-2208, USA, Lepper, K., North Dakota State University, Department of Geosciences, Optical Dating
and Dosimetry Lab, PO Box 6050, Fargo, ND 58108, USA, Baedke, S.J., James Madison University, Department
of Geology and Environmental Science, MSC 6903, Harrisonburg, VA 22807, USA, and Wilcox, D.A., SUNY-The
College at Brockport, Department of Environmental Science and Biology, 350 New Campus Drive, Brockport, NY
14420, USA

Lithostructural controls of U mineralization in the Kiggavik Main and Centre zones, north-central
Rae craton: A record of long-lived tectonism and ground preparation for U ore systems

Johnstone, D., Bethune, K., Dept. of Geology, University of Regina, 3737 Wascana Parkway, Regina, SK S§4S
042, johnstdi@uregina.ca, Quirt, D., Benedicto, A., and Ledru, P., AREVA Resources Canada Inc., 817 45" Street
West, Saskatoon, SK S7K 3X5

The geochemical characterization and resultant exploration implications for the meta-sedimentary
hosted Kiyuk Lake Au-prospect, Kivalliq region, Nunavut

Jones, S., 13sj34@queensu.ca, Kyser, K., Queen s University, 36 Union St., Kingston, ON K7L 3N6, Fleming,

A., adrian.fleming@me.com, and Mackie, R., Suite 610, 1155 W. Pender St. Vancouver, BC V6E 2P4

Keynote (40 min): The Ni-Cu-PGE prospectivity of mafic-ultramafic Large Igneous Province events
and the use of lithogeochemistry in mineral exploration

Jowitt, S.M., Department of Geoscience, University of Nevada Las Vegas, 4505., S Maryland Pkwy, Las Vegas, NV
89154-4010, USA, simon.jowitt@unlv.edu, and Keays, R.R., School of Earth, Atmosphere and Environment, Monash
University, Wellington Road, Clayton, VIC3800, Australia

Alteration mineralogy and pathfinder element inventory in the footprint of the McArthur River un-
conformity-related uranium deposit, Canada

Joyce, N., nickjoyce@gmail.com, Layton-Matthews, D., Kyser, K., Queen s University, 36 Union St., Kingston, ON
K7L 3N6, Ansdell, K., University of Saskatchewan, Saskatoon, SK, Quirt, D., AREVA, Saskatoon, SK, and Kotzer, T.,
Cameco Corp., Saskatoon, SK

Middle-Upper Devonian of the central-northern Mackenzie Corridor: Multiproxy stratigraphic
framework and sedimentary environments of a black-shale basin

Kabanov, P.!, Pavel Kabanov@canada.ca, Gouwy, S.A.!, Percival, J.B.2, Bilot, 1.2, Jiang, C.!, and Chuen Chan, W.}, -
Geological Survey of Canada, 3303 33 St., NW Calgary, AB T2L 2A47; *Geological Survey of Canada, 601 Booth
Street, Ottawa, ON K1A4 OES; 3University of Calgary, 2500 University Dr., NW Calgary, AB T2N IN4

Cigar Lake: Geometallurgical ore characterization in support of mining and milling
Kaczowka, A., Andrew Kaczowka@cameco.com, Kyser, K., Queen s University, 36 Union Street, Kingston, ON
K7L 3N6, Kotzer, T., and Revering, C., Cameco Corporation, 2121 11"™ St W, Saskatoon, SK S7M 1J3
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Stratigraphy and sedimentology of Ordovician outliers in the northern Ottawa-Bonnechere graben,
central Ontario: An ongoing study of their significance for depositional systems within the Lauren-
tian interior
Kang, H., he.kang@carleton.ca, Dix, G.R., and Oruche, N.E., Carleton University, 1125 Colonel By Drive, Ottawa,
ON KIS 5B6

Field, petrologic and geochemical evidence for structurally-controlled hydrothermal dolomitization
in a compressive-extensional tectonic regime: An example from the Cretaceous Qamchuqa carbon-
ates, Zagros Basin, Kurdistan Iraq

Kareem, K.H.!?, Kareemk@uwindsor.ca, Al-Aasm, 1.S.%, alaasm@uwindsor.ca, and Mansurbeg, H.3, howri.mansur-
beg@gmail.com, 'Koya University, Faculty of Engineering, Department of Petroleum Engineering, The Kurdistan
Region of Iraq, *University of Windsor, Sunset Avenue, Windsor, ON N9B 3P4; 3Soran University, Faculty of Sci-
ence, D

Keynote (30 min): Dating fault zones using the K-Ar decay system

Kellett, D.A., Geological Survey of Canada, 1 Challenger Drive, Dartmouth, NS B2Y 442, dawn.kellett@canada.
ca, Warren, C., School of Environment Earth and Ecosystem Sciences, The Open University, Milton Keynes, MK7
64A UK, Zwingmann, H., Department of Geology and Mineralogy, Graduate School of Science, Sakyo-ku, Kyoto
University, Kyoto, 606-8502, Japan, Larson, K.P., Earth and Environmental Sciences, University of British Colum-
bia, Okanagan, FIP353-3247 University Way, Kelowna, BC V1V 1V7, van Staal, C., Geological Survey of Canada
(emeritus), 1500-605 Robson St., Vancouver, BC V6B 5J3, and Rogers, N., Geological Survey of Canada, 601 Booth
St., Ottawa, ON KIA OES8

Glacial dispersal patterns in three dimensions from a pair of buried kimberlites, Lac De Gras region,
NT

Kelley, S.E., samuel kelley@uwaterloo.ca, Ross, M., University of Waterloo, Dept. of Earth and Environmental Sci-

ences, Waterloo, ON N2L 3G1, Elliott, B., and Normandeau, P.X., Northwest Territories Geological Survey, Yellow-
knife, NT X1A4 1K3

Physical and chemical controls on the localization and precipitation of gold at the Archean Hislop
and Grey Fox deposits

Kelly, C.H., ckelly2@laurentian.ca, Kontak, D.J., and Lafrance, B., Laurentian University, Ramsey Lake Rd, Sud-
bury, ON P3E 2C6

Unravelling the history of high-pressure granulite-facies rocks: The metamorphic record of kyanite
Kendrick, J.L. and Indares, A., Department of Earth Sciences, Memorial University of Newfoundland, St. John's, NL
AIB 3X5, jkendrick@mun.ca

The Molaoi Pb-Zn(-Ag) deposit in South Eastern Peloponnese, Hellas

Kevrekidis, E.!, eliaskevrekidis@gmail.com, St.Seymour, K.!, Tombros, S.!, Koukouvelas, I.!, Oyman, T.?, Zhai,
D.J, Liu, J.3, and Kalaitzidis, S.!, 'Department of Geology, University of Patras, Rio-Patras, 26504, Greece; *De-
partment of Geological Engineering, Dokuz Eylul University, 35100 Bornova, Izmir, Turkey; *School of Earth Sci-
ences and Resources, China University of Geoscie

1020-975 Ma LIP on the southeastern margin of the Siberian Craton: The Sette-Daban mafic mag-
matic event

Khudoley, A.K.!, a.khudoley@spbu.ru, Prokopiev, A.V.2, Chamberlain, K.R.*#, Ernst, R.E.>* Lebedeva, O.Y.%, Zait-
sev, A.12, and Kazakova, G.G.5, 'St. Petersburg State University, Institute of the Earth Sciences, 7/9 University nab.,
St. Petersburg, 199034, Russia; *Diamond and Precious Metal Geology Institute, Siberian Branch of the Russian
Academy of Sciences, 39 Lenin Ave., Yak

An allochtonous terrane in the Korean Peninsula: The Neoproterozoic Sangwon unit
Kim, Y., Chungbuk National University, Chungdae-ro 1, Cheongju, Chungbuk 28644, South Korea, yoonsup@cbnu.
ac.kr (+2nd author?)

Frictional-viscous deformation at the source of slow earthquakes
Kirkpatrick, J.D., McGill University, 3450 University Ave, Montreal, QC H3A OES, james.kirkpatrick@mcgill.ca
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A geochemical study of the intracaldera tuffs of the ca. 25 Ma Underdown caldera, western Nevada
caldera belt, north-central Nevada, U.S.A.

Klausen, K.B., kim.klausen@carleton.ca, Cousens, B., Ottawa—Carleton Geoscience Centre, Department of Earth
Sciences, Carleton University, 1125 Colonel By Drive, Ottawa, ON K18 5B6, and Henry, C.D., Nevada Bureau of
Mines and Geology, University of Nevada, Reno, NV 89557, USA

A new look at VMS and Au mineral endowment in the Slave Province through detailed bedrock
mapping of the Beaulieu River Volcanic Belt at Sunset Lake, Northwest Territories
Knox, B., Northwest Territories Geological Survey, PO Box 1320, Yellowknife, NT XI1A 1K5

Diagenetic and mineralising fluids are more than just wt. % equivalent NaCl!
Kontak, D.J., dkontak@laurentian.ca, Turner, E.C., Mathieu, J., and Hahn, K., Harquail School of Earth Sciences,
Laurentian University, Sudbury ON P3E 2C6

Freshwater dinoflagellate cysts as proxies of cultural eutrophication

Krueger, A.M.\, akrueger@brocku.ca, McCarthy, FM.G.!, Riddick, N.L.2, Volik, O.3, Danesh, D.C.*, Drljepan,
M., Pilkington, P.M.!, Garner, C.!, and Vasseur, L.!, 'Brock University, St Catharines ON L2S 341, *McMaster
University, Hamilton, ON L8S 4LS8, 3University of Waterloo, Waterloo, ON N2L 3G1; *Queens University, Kings-
ton, ON K7L CN6,; ’Western University, London, ON N6A 3K7

Searching for the Cheshire cat: Biases in Ediacaran taphonomy
Laflamme, M., Department of Chemical and Physical Sciences, University of Toronto Mississauga, marc.laflamme@),
utoronto.ca

Siderite synthesis from iron-bearing acidic solutions combined with flue gases from combustion of
fossil fuels

Lake, D.J., Groat, L.A., Gyenge, E., University of British Columbia, Vancouver, BC V6T 174, groat@mail.ubc.
ca, Carne, A., and Ritchie, J., Terra CO, Technologies Ltd., 510 West Hastings St., Vancouver, BC V6B IL8

Use of chromite chemistry for correlation of PGE-bearing reefs within the Bushveld Igneous Com-
plex

Langa, M.M., mlanga@laurentian.ca, Jugo, P.J., and Leybourne, M., Laurentian University, 935 Ramsey Lake Road,
Sudbury, ON P3E 2C6

Characterizing strain in the East Athabasca mylonite zone
Larson, K.P.,, Earth, Environmental and Geographic Sciences, IKBSAS, University of British Columbia, Okanagan,
Kelowna, BC V1V 1V7, kyle.larson@ubc.ca

A diamictite dichotomy: Glacial conveyor belts and olistostromes in the Neoproterozoic of Death
Valley, California, USA

Le Heron, D.P, Tofaif, S., Vandyk, T., and Ali, D.O., Department of Earth Sciences, Royal Holloway University of
London, Egham, Surrey TW20 0EX, UK

Precambrian continental landscapes and paleoclimates: New perspectives from 1.2 Ga Meall Dearg
Formation, Torridonian of Scotland

Lebeau, L.E. and lelpi, A., Harquail School of Earth Sciences, Laurentian University, Sudbury, ON P3E 2C6, lle-
beau@laurentian.ca

Geological Survey of Canada (GSC): Peering into the future, teaming for geoscience excellence and
results
Lebel, D., Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, Ottawa, ON K14 OES
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Identification of Early Cretaceous extensional granitic domes along the southeastern China-Mongo-
lia border and its tectonic implications

Lei, G., Tao, W.,, Ying, T., Institute of Geology, Chinese Academy of Geological Sciences, Beijing, China,

100037, guolei@cags.ac.cn, Narantsetseg, T., and Enkh-Orshikh, O., Institute of Paleontology and Geology, Mongo-
lian Academy of Sciences, Ulaanbaatar, Mongolia, 15160, POB 46/650

Fault interpretation from multiple data sources in central BC
Lenauer, L.\, iris.lenauer@utoronto.ca, Ugalde, H.2, and Milkereit, B.!, 'University of Toronto, 22 Russell Street,
Toronto, ON M5S 3B1; 2Paterson, Grant & Watson Ltd., 155 University Ave, Toronto, ON M5H 3B7

Characterization of gold in the W-Cu skarns at Cantung, NWT: Results from in situ LA ICP-MS,
SEM, and Micro-XRF analyses

Lentz, C.P.E., carlin.lentz90@gmail.com, McFarlane, C.R.M., University of New Brunswick, 2 Bailey Drive, Freder-
icton, NB E3B 543, and Falck, H., Northwest Territories Geological Survey, 4601-B 52" Ave, Yellowknife, NT X1A
2L9

Extreme fractionation in various felsic magmatic systems: Constraints from thermal modelling with
examples from ore-forming granophile-element systems
Lentz, D.R., University of New Brunswick, 2 Bailey Drive, Fredericton, NB E3B 543, dlentz@unb.ca

The ups and downs of magmatic Fe-Ni-Cu-(PGE) sulfide melts in large igneous complexes
Lesher, C.M., Mineral Exploration Research Centre, Harquail School of Earth Sciences and Goodman School of
Mines, Laurentian University, Sudbury, ON P3E 2C6, mlesher@laurentian.ca

Crustal-scale modelling for the UK 3D Geological Model
Leslie, A.G., Schofield, D., British Geological Survey, Edinburgh, UK, Pharaoh, T.C., Mathers, S., Terrington,
R. and Thorpe, S., British Geological Survey, Keyworth, UK, tcp@bgs.ac.uk

Alteration zonation associated with Au mineralization along the northern Bug Lake gold trend of the
Archean La Martiniere gold system, west-central Quebec

Létourneau, M., mletourneaul @laurentian.ca, Kontak, D.J., and Leybourne, M.1., Laurentian University, Sudbury,
ON P3E 2C6

Radon risk management initiatives: Geoscience for geohazard risk management and public safety
decision making
Leybourne, M.1. and de Jong, S., Harquail School of Earth Sciences, Laurentian University

Building aquifer vulnerability literacy in southern Ontario: Applying emergent technologies in
groundwater geoscience education

Leybourne, M.1L,, Jong, S., Harquail School of Earth Sciences, Laurentian University, and Russell, H., Geological
Survey of Canada, Natural Resources Canada

South China as an accretionary orogen

Lin, S.!, Shoufa@uwaterloo.ca, Xing, G.F.2, Davis, D.W.?, Yin, C.Q.*, Wu, M.L.!, Li, L.M.°, Fang, H., Jiang, Y.?,
and Chen, Z.H.2, 'University of Waterloo, Waterloo, ON N2L 3G1; *Nanjing Institute of Geology and Mineral Re-
sources, Nanjing 210016, China,; *University of Toronto, Toronto, ON M5S 3B1; *Sun Yat-Sen University, Guang-
zhou 510275, China; >Hefei University

A collision of Avalonia and Cadomia at 540 Ma?
Linnemann, U., Gértner, A., Hofmann, M., Zieger, J., Senckenberg Collections of Natural History Dresden, Konigs-
briicker Landstr. 159, Dresden, 01109, Germany, ulf.linnemann@senckenberg.de

Deciphering the crystalline metasedimentary rocks exposed in the Hellenic Volcanic Arc, Santorini,
Greece

Lion, A., alionl03@uottawa.ca, Schneider, D.A., Univerity of Ottawa, 75 Laurier East, Ottawa, ON KIN

6N5, Grasemann, B., and Tsevairidou, K., University of Vienna, A-1090 Vienna, Austria

Tectonic affinities of microcontinents in the Central Asian Orogenic Belt: A case study from the Chi-
nese Tianshan Orogenic Belt

Long X.P., State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Northern
Taibai Str. 229, Xi’an 710069, China, longxp@nwu.edu.cn
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Keynote (30 min): Diagenetic yearnings and learnings from light stable isotopy of clay minerals
— Looking backward and going forward
Longstaffe, F.J., The University of Western Ontario, Earth Sciences, London, ON N6A 5B7, flongsta@uwo.ca

Relevance of fluid:rock interaction in Proterozoic pegmatites near Sudbury, Ontario to mineraliza-
tion in rare-metal pegmatite settings

Lorenzo, R.I. and Kontak, D.J., Harquail School of Earth Sciences, Laurentian University, 935 Ramsey Lake Rd.,
Sudbury, ON P3E 2C6, rlorenzo@laurentian.ca

An exquisitely diverse assemblage of organic-walled microfossils from the Proterozoic of Arctic
Canada and implications for the early evolution of eukaryotes

Loron, C., Javaux, E.J., Palaeobiogeobiology-Palacobotany-Palaeopalynology, Geology department, University of
Liege, Liege, Belgium, c.loron@ulg.ac.be, Rainbird, R., Greenman, W., Geological Survey of Canada, Ottawa-Car-
leton Geoscience Centre, Carleton University, Ottawa, ON, and Turner, E., Earth Sciences Department, Laurentian
University, Sudbury, ON

Fine fraction indicator mineral signatures of porphyry, VMS and other deposits

Lougheed, H.D.!, 5Shdl@queensu.ca, McClenaghan, M.B.2, and Layton-Matthews, D.!, 'Queen’s University, Depart-
ment of Geological Sciences and Engineering, 36 Union Street, Kingston, ON K7L 3N6, *Geological Survey of
Canada, 601 Booth Street, Ottawa, ON KI1A OES

Genesis and petrology of the Antamina Cu-Zn skarn deposit, Peru
Love, D.A., and Clark, A.H., Dept. of Geological Sciences and Geological Engineering, Queen’s University, Kings-
ton, ON K7L 3N6, davidallanlove@yahoo.com

Automatic estimation of aquifer parameters using long-term water supply pumping and injection
records from a highly heterogeneous glacial deposit

Luo, N., nluo1222@gmail.com, and lllman, W.A., Department of Earth and Environmental Sciences, University of
Waterloo, 200 University Avenue West, Waterloo, ON N2L 3Gl

Hyperspectral characterization of mineralogy and mineral chemistry across the Canadian Malartic
gold deposit, Quebec, Canada

Lypaczewski, P., Rivard, B., University of Alberta, Edmonton, AB T6G 2E3, lypaczew@ualberta.ca, Gaillard, N.,
McGill University, Montreal, QC H3A 0ES, Perrouty, S. and Linnen, R.L., Western University, London, ON N6A4
5B7

Microstructural style and relative timing of deformation along the Bathurst fault, western Nunavut
Ma, S., Godin, L., Dept. of Geological Sciences & Geol. Engineering, Queen’s University, Kingston ON K7L

3NG6, svieda.ma@queensu.ca, and Kellett, D.A., Geological Survey of Canada — Atlantic, 1 Challenger Dr., Dart-
mouth NS B2Y 442

Sedimentary-hosted Pb-Zn mineralization in the Paleoproterozoic Karrat Group, west Greenland
Magee, T. and Partin, C.A., Department of Geological Sciences, University of Saskatchewan, 114 Science Place,
Saskatoon, SK S7N 5E2, tgm433@mail.usask.ca

Regional distribution of arsenic in soil in the Yellowknife region
Maitland, K., k.maitland@queensu.ca, Oliver, J., Jamieson, H., Queen s University, Kingston, ON, and Palmer, M.,
Carleton University, Ottawa, ON

Till provenance discrimination using iron oxides physicochemical characteristics; Case studies from
Kiggavik uranium district (Nunavut, Canada)

Makvandi, S., sh.makvandi@gmail.com, Beaudoin, G., Université Laval, Département de géologie et de génie
géologique, 1065, avenue de la Medecine, Québec, QC G1V 046, Quirt, D., AREVA Resources Canada Inc., PO
Box 9204, Saskatoon, SK S7K 3X5, Grunsky, E.C., University of Waterloo, Department of Earth and Environmental
Sciences, Waterloo, ON N2L 3G1, and McClenaghan, M.B., Geological Survey of Canada, 601 Booth St., Ottawa,
ON KIA OES8
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242 Geochronological constraints on the dextral strike-slip motion along the Acadian Grand Pabos fault
in Gaspé Peninsula, Canadian Appalachians
Malo, M., Institut national de la recherche scientifique, Québec, QC GIK 949, michel.malo@ete.inrs.ca, and Mc-
Nicoll, V., Geological Survey of Canada, Ottawa, ON K14 OES

243 Facies analysis of Ediacaran deposits in southern Namibia
Maloney, K.M.!, katie. maloney@mail.utoronto.ca, Facciol, A.J.}, Gibson, B.M.?, Cribb, A.2, Koester, B.E.?, Racicot,
R.A.3, Darroch, S.A.F.2, and Laflamme, M.!, 'University of Toronto Mississauga, 3359 Mississauga Rd., Missis-
sauga, ON L5L 1C6, *Vanderbilt University, 5726 Stevenson Center, Nashville, TN 37240, USA, 3The Dinosaur
Institute, Natural History Museum of Los Angeles County, 900 Expos

244 Replacement textures in arfvedsonite granite and associated HFSE-enriched felsic veins in the East-
ern Cobequid Highlands, Nova Scotia
Maneta, V., Anderson, A.J., Department of Earth Sciences, St. Francis Xavier University, Antigonish, NS B2G
2W5, vmaneta@stfx.ca, and MacHattie, T.G., Nova Scotia Department of Natural Resources, Mineral Resources
Branch, PO Box 698, Halifax, NS B3J 2T9

245 Ultramafic arc cumulates in an accretionary orogen: Tracing the geochemical evolution of the Giant
Mascot ultramafic suite in the southern Coast Plutonic Complex of southwestern British Columbia
Manor, M.J., Scoates, J.S., Weis, D., Pacific Centre for Isotopic and Geochemical Research, Department of Earth,
Ocean and Atmospheric Sciences, 2020-2207 Main Mall, University of British Columbia, Vancouver, BC V6T
174, mmanor@eoas.ubc.ca, Nixon, G.T., B.C. Geological Survey, Ministry of Energy & Mines, Victoria, BC VEW
9N3, and Ames, D.E., Geological Survey of Canada, 750-601 Booth St, Ottawa, ON KIA OES

246 A novel approach using detrital apatite and till geochemistry to identify buried mineral deposits
from the Nechako Plateau, central British Columbia
Mao, M., Rukhlov, A.S., Rowins, S.M., stephen.rowins@gov.bc.ca, Ferbey, T., Hickin, A.S., Bustard, A., BC Geo-
logical Survey, 1810 Blanshard St., Victoria, BC V8W 9N3, Spence, J., and Coogan, L.A., University of Victoria,
3800 Finnerty Rd., Victoria, BC V8P 5C2

247 Geodynamic development of the South China block from Precambrian to Cretaceous: Constraints
from geochemistry, geochronology and geology
Mao, Y., yum040@mail.usask.ca, and Eglington, B.M., University of Saskatchewan, Saskatoon, SK

248 Timing of deformation in the Central Metasedimentary Belt boundary zone (CMBbz), southern On-
tario, Canada from electron microprobe dating of monazite
Markley, M.J.!, mmarkley@mtholyoke.edu, Dunn, S.R.!, Williams, M.L.2, Peck, W.H.?, and Jercinovic,
M.J.2, '"Mount Holyoke College, 50 College St., South Hadley, MA 01075 USA; 2University of Massachusetts, Am-
herst, MA 01003 USA; *Colgate University, Hamilton, NY 13346 USA

249 Globules of fluxed silicocarbonatitic melt at Otter Lake, Quebec: A new complication in the Gren-
ville Province
Martin, R.F., McGill University, 3450 University Street, Montreal, QC H3A OES, robert.martin@mcgill.
ca, Schumann, D., Fibics Incorporated, 1431 Merivale Road, Ottawa, ON K2E 0B9, and de Fourestier, J., Mineral-
ogical Research, 28 Broad Street, Gatineau (Aylmer), QC J9H 4H3

250 Environmental (subglacial melt water) and glass compositional controls on the geochemistry of
palagonite formed from Pleistocene glaciovolcanic sideromelane at Wells Gray (Canada) and Hel-
gafell (Iceland Large Igneous Province).

Massey, E.A., erica.massey@alumni.ubc.ca, Greenough, J.D., Dept. of Earth & Environmental Science and Geog-
raphy, University of British Columbia Okanagan, 3333 University Way, Kelowna, BC VIV 1V7, and Edwards, B.R.,
Dept. of Geology, Dickinson College, Carlisle, PA 17013, USA

251 Intact paleocaves linked to sediment fluidisation structures at the Precambrian-Cambrian boundary
(Victoria Island, NWT)
Mathieu, J., jy_mathieu@laurentian.ca, Turner, E.C., Laurentian University, Sudbury, ON P3E 2C6, and Rainbird,
R.H., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KIA OES
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252 Bioremediation of a hydrocarbon plume using biostimulation
McBeth, J.M., Joyce.McBeth@USask.ca, Colville, S.D., University of Saskatchewan, 114 Science Place, Saskatoon,
SK S7N 5E2, Bondici, V.F., Canadian Light Source Inc., 44 Innovation Blvd, Saskatoon, SK, S7N 2V3, Scheffer,
G., Gieg, L.M., Department of Biological Sciences, University of Calgary, 2500 University Drive NW, Calgary, AB
T2N IN4, Xiong, W., Mathies, C., Pachal, M., 100-75 24" Street E, Saskatoon, SK S7K 0K3, Bradshaw, K., Grossk-
leg, J., Federated Co-operatives Limited, 401-22" Street East, Saskatoon, SK S7K 0H2, and Carlson, T., Saskatoon,
SK

253 The significance of Mn-rich ilmenite in the determination of P-T paths from zoned garnet in meta-
morphic terranes

McCarron, T., travis.mccarron@unb.ca, and McFarlane, C.R.M., University of New Brunswick, 2 Bailey Drive,
Fredericton, NB E3B 543

254 Metasomatic formational conditions of gehlenite in Crestmore, California as determined by mineral
associations and textural relationships
McFadden, S.1., smcfaddS8@uwo.ca, and Flemming, R.L., rflemmin@uwo.ca, Department of Earth Sciences, West-
ern University, London, ON

255 Surficial and whole rock geochemistry of the Racecourse Cu-Au porphyry prospect, NSW, Australia
McGill, C.P., Queen’s University, Union Street, Kingston, ON K7L 3N6, c.mcgill@queensu.ca

256 A tale of two massifs: Geochemical and geothermometric constraints on the history of the Nahlin
ophiolite, Cache Creek terrane, northwestern British Columbia
McGoldrick, S., smcgold@uvic.ca, Canil, D., University of Victoria, 3800 Finnerty Road, Victoria, BC V8P 5C2,
and Zagorevski, A., Geological Survey of Canada, 601 Booth Street Ottawa, ON KI1A OES

257 A long term study of a oxidant injection into a fractured limestone aquifer
McGregor, R.G., InSitu Remediation Services Ltd., PO Box 324, St George, ON NOE INO, rickm@irsl.ca

258 Recovery of legacy marine geoscience data in the Great Lakes Basin: Application to Canada 3D
McLauchlan, M.E., Department of Earth Sciences, Dalhousie University, Halifax, NS B3H 4R2, Kollet, Y., Kollet
Consulting, Halifax, NS B3H 248, Todd, B.J., Brian. Todd@Canada.ca, Lewis, C.F.M., and Courtney, R.C., Geo-
logical Survey of Canada—Atlantic, Dartmouth, NS B2Y 442

259 Till provenance across the terminus of the Dubawnt Lake Ice Stream, central Nunavut
McMartin, 1., Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, Ottawa, ON KIA
0ES, isabelle. mcmartin@canada.ca

260 The identification of reworked sedimentary contexts and stratigraphic provenance of bones: A novel
quantitative method for Pleistocene archaeological and palaeontological sites
McMillan, R., rmcmillan@eoas.ubc.ca, Weis, D., Amini, M., Pacific Centre for Isotopic and Geochemical Research,
Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207 Main Mall, Van-
couver, BC V6T 174, Bonjean, D., Scladina Cave Archaeological Centre, Rue Fond des Vaux 339d, 5300, Sclayn,
Belgium, and Pirson, S., Public Service of Wallonia, Direction of Archaeology, Rue des Brigades d’Irlande 1, 5100,
Namur, Belgium

261 Sedimentary provenance of the Matinenda and Ramsay Lake formations in Drury Township using
laser ablation detrital zircon analysis
Menard, J.A., McMaster University, 1280 Main St. W, Hamilton, ON, menardja@mcmaster.ca

262 Continental lithosphere was a warm blanket on the Archean Earth
Merriman, J.M., jdm42c@mail missouri.edu, and Whittington, A.G., University of Missouri, 101 Geology Building,
Columbia, MO 65203, USA

263 Hydrothermal alterations from Vulcano and Campi Flegrei volcanoes, Italy
Mick, E., emick075@uottawa.ca, Nadeau, O., onadeau@uottawa.ca, University of Ottawa, 75 Laurier Avenue East,
Ottawa, ON KIN 6N5, and Robidoux, P., robidouxphilippe@gmail.com, 70 Blvd des Hauts-Bois, Sainte-Julie, QC
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Geochemical baselines and metal(loid) mobility in a changing northern climate

Miller, C.B.!, Parsons, M.B.%, Jamieson, H.E.!, Galloway, J.M.2, and Patterson, R.T.}, 'Department of Geologi-
cal Sciences and Geological Engineering, Queen's University; *Geological Survey of Canada, Natural Resources
Canada, 3Ottawa - Carleton Geoscience Centre and Department of Earth Sciences, Carleton University

Paleoproterozoic metamorphism of the Thelon Tectonic Zone and margins of the Slave and Rae Ar-
chean cratons - insights into the nature and timing of the Slave-Rae Collision

Mitchell, R. K.\, rhea_mitchell@carleton.ca, Berman, R.%, Davis, W.2, and Carr, S.D.!, 'Carleton University, 1125
Colonel By Drive, Ottawa, ON KI1G 5B6, *Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OE9

Aeromagnetic modelling of the sub-Athabasca basement
Mitheell, J., jmi13nw@brocku.ca, and Ugalde, H., Brock University, ON

The last gasp of the Skaergaard intrusion as recorded by zircon textures and trace element geochem-
istry

Moerhuis, N., nmoerhui@eoas.ubc.ca, Scoates, J.S., jscoates@eos.ubc.ca, Weis, D., dweis@eos.ubc.ca, Pacific
Centre for Isotopic and Geochemical Research, University of British Columbia, 2020-2207 Main Mall, Vancouver,
BC, V6T 174, and Tegner, C., christian.tegner@geo.au.dk, Center of Earth System Petrology, Department of Geosci-
ence, Aarhus University, Hoegh-Guldbergs Gade 2, 8000 Aarhus C, Denmark

(U-Th)/He thermochronology of the Aishihik batholith, central Yukon: Resolving Cretaceous tecto-
nism

Moher, M.E., mmohe072@uottawa.ca, Schneider, D.A., University of Ottawa, 75 Laurier Avenue East, Ottawa, ON
KIN 6N5, and Ryan, J.J., Geological Survey of Canada, 605 Robson Street, Vancouver, BC V6B 5J3

3D regional geological modelling in structurally complex and data sparse environments: Benefits,
challenges and strategies from the northern Labrador Trough, Kuujjuaq, Quebec

Montsion, R.M.}, rebecca.montsion@gmail.com, de Kemp, E.A.%, Corrigan, D.2, Hillier, M.J.2, and Schneider,
D.A.!, 'University of Ottawa, FSS Hall, Ottawa, ON KIN 6N5; *Geological Survey of Canada, Ottawa, ON

Reconstruction of the metamorphic P-T-t path of garnet-bearing rocks from the Snowcap Assem-
blage in the Stewart River area, west-central Yukon

Morneau, Y.E., yannick.morneau@carleton.ca, Gaidies, F., Carleton University, 1125 Colonel By Dr., Ottawa, ON
KIS 5B6, Ryan, J., Geological Survey of Canada, 605 Robson St., Vancouver, BC V6B 5J3, and Zagorevski, A.,
Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OES

Past Great Lakes water level fluctuations elucidated by the sediments of the Ipperwash strandplain,
southern Lake Huron

Morrison, S.M.}, sean.morrison@uwaterloo.ca, Johnston J.W.!, Lepper, K.2, Jol, H.3, Zamperoni, A.!, and Garcia,
C.4 University of Waterloo, 200 University Ave West, Waterloo, ON N2L 3G1; *North Dakota State University,
Optical Dating and Dosimetry Lab, 218 Stevens Hall, Fargo, ND 58105, USA; 3University of Wisconsin Eau
Claire, 105 Garfield Avenue, Ea

The Zircon and Accessory Phase Laboratory (ZAPLab); A Canadian advance in nano- to atom-scale
geochronology applied to resource and planetary evolution

Moser, D.E., Barker, 1., Arcuri, G., Hey, J., Hyde, B., Jones, G., Morissette, L., and Rolleman, J., Department of
Earth Sciences, University of Western Ontario, London, ON N6A 5B7

Mountain lakes: Eyes on global environmental change
Moser, K.A., The University of Western Ontario, 1151 Richmond St. North, London, ON N6A4 5C2, kmoser@uwo.ca

Revisiting the role of shear heating in Himalayan inverted metamorphism using thermomechanical
models

Mukherjee, S., Department of Earth Sciences, Indian Institute of Technology Bombay, Powai, Mumbai 400076,
Maharashtra, India

Drumlinized tunnel valleys in Simcoe County, southern Ontario
Mulligan, R.P.M., riley.mulligan@ontario.ca, Bajc, A.F., Ontario Geological Survey, Sudbury, ON P3E 6BS5,
and Eyles, C.H., McMaster University, Hamilton, ON L8S 4K1
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276 New insights on ice dynamics in central and eastern Ontario from the spatial arrangement and mor-
phology of glacial landforms
Mulligan, R.P.M,, riley.mulligan@ontario.ca, Marich, A.S., Ontario Geological Survey, Sudbury, ON P3E 6B5,
and Eyles, C.H., McMaster University, Hamilton, ON L8S 4K1

277 A tectonic history of the Meliadine Gold Trend, Nunavut from aeromagnetic data modelling and
interpretation
Mundreon, S.A., smllfg@brocku.ca, and Ugalde, H., Brock University, 1812 Sir Isaac Brock Way, St. Catharines,
ON L2S 341

278 Keynote (40 min): The LIP record on the rifted margins of the Superior Craton
Mungall, J.E., University of Toronto, 22 Russell St, Toronto, ON M5S 3B1, mungall@es.utoronto.ca

279 Late-tectonic magmatic-hydrothermal systems of Abitibi: Contribution of regional-scale fluid reser-
voirs to the Duquesne, Dolodau, Lac Shortt and Canadian Malartic gold deposits
Nadeau, O., University of Ottawa, Ottawa, ON, onadeau@uottawa.ca, Jébrak, M. and Stevenson, R., Université du
Québec a Montréal, Montréal, QC

280 The ins and outs of Ediacaran discs
Narbonne, G.M. and Dececchi, T.A., Department of Geological Sciences and Geological Engineering, Queen’s Uni-
versity, 36 Union Street, Kingston, ON K7L 3N6 (+ Ist author)

281 Celebrating geoheritage: Canada’s newest UNESCO World Heritage Site, Mistaken Point, NL
Narbonne, G.M., Queens University, Kingston, ON K7L 3N6, narbonne@queensu.ca, and Thomas, R., Parks and
Natural Areas Division, Mistaken Point Ecological Reserve, Trepassey, NL A0A 4B0, richardthomas@gov.nl.ca

282 External controls on the evolution of stratal architecture in the transition from basin floor to slope,
Neoproterozoic Windermere turbidite system, southeastern Canadian Cordillera
Navarro, L., Inava074@uottawa.ca, and Arnott, R W.C., University of Ottawa, Ottawa, ON KIN 6N5

283 Automated optical gold grain counting: A quantum leap
Néron A., neron.alex@gmail.com, Girard, R., I0S services Géoscientifiques Inc, 1319 Boulevard St-Paul, Saguenay,
OC G7J 3Y2, rejeang@iosgo.com, and Bédard, P., Sciences de la terre, LabMaTer, Université du Québec a Chi-
coutimi, Saguenay, QC, Paul Bedard@uqac.ca

284 Geochemical controls on vanadium mobility in oil sands fluid petroleum coke deposits
Nesbitt, J.A., jan999@mail.usask.ca, and Lindsay, M.B.J., University of Saskatchewan, 114 Science Place, Saska-
toon, SK S7N 5E2

285 Regulatory research on coupled Thermal-Hydrological-Mechanical Chemical processes in natural
and engineered barriers for geological disposal of radioactive wastes
Nguyen, T.S., Canadian Nuclear Safety Commission 280 Slater, Ottawa, ON KIP 559, son.nguyen@canada.ca

286 Pearce element ratio diagrams and cumulate rocks
Nicholls, J., University of Calgary, Department of Geoscience, 2500 University Drive NW, Calgary, AB T2N
IN4, jim.nicholls@shaw.ca

287 Clearing the muddy waters: A detailed sedimentological analysis of matrix-rich sandstones in the
Windermere turbidite system and comparison with equivalent deposits
Ningthoujam, J., jning027@uottawa.ca, and Arnott, R W.C., Department of Earth Sciences and Ottawa-Carleton
Geosciences Centre, University of Ottawa, 140 Louis Pasteur Pvt., Ottawa, ON KIN 6N5

288 Keynote (30 min): Cascading, compound, multi-fault ruptures: A new class of earthquake
Nissen, E., School of Earth and Ocean Sciences, University of Victoria, Victoria, BC V8P 5C2, enissen@uvic.ca

289 Litho-, 8!°C, and ash-bed (Millbrig) stratigraphies redefine the foreland Blackriveran-Trentonian
boundary succession, Ottawa Embayment: Significance for extrabasinal correlation
Nkechi, E.O., NkechiEgboka@cmail.carleton.ca, Dix, G.R., Department of Earth Sciences, Carleton University,

Ottawa, ON KIS 5B6, and Kamo, S.L., Jack Satterly Geochronology Laboratory, Department of Earth Sciences,
University of Toronto, ON M5S 3B1
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290 A regional groundwater model based on the location of diabase dykes and Landsat imagery in

291

292

293

294

295

296

297

298

299

Ngamiland, Botswana
Norman, K., knil2hi@brocku.ca, and Ugalde, H., Brock University, 1812 Sir Isaac Brock Way, St. Catharines, ON
L2S 341

Integrated groundwater system modelling: Characterizing geosphere stability and resilience in crys-
talline rock settings

Normani, S.D., Sykes, I.F., Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
ON N2L 3G1, sdnorman@uwaterloo.ca, Jensen, M.R., and Sykes, E.A., Nuclear Waste Management Organization
(NWMO), 22 St. Clair Avenue East, 6" Floor, Toronto, ON M4T 253

Integration of textural, mineralogical and geochemical characterization of refractory Carlin-type
gold ore: Application to ore processing

Olivo, G., olivo@queensu.ca, Dobosz, A., and Chouinard, A., Department of Geological Sciences and Engineering,
Queen’s University, Kingston, ON K7L 3N6

Integrating sustainable energy sources into a semi-autogenous grinding mill: A simulated case study
accounting for spatial variability of ore grindability

Ortiz, J.M., Robert M. Buchan Department of Mining, Queen s University, Goodwin Hall 332, 25 Union St, Kings-
ton, ON K7L 3NG6, julian.ortiz@queensu.ca, Kracht, W., Pamparana, G., Department of Mining Engineering /
Advanced Mining Technology Center, Universidad de Chile, Av. Tupper 2069, Santiago, 837 0451 — Chile, and Haas,
J., Energy Center, Universidad de Chile, Av. Tupper 2007, Santiago, 837 0451 - Chile & Department of Stochastic
Simulation and Safety Research for Hydrosystems (IWS/SC Simtech), University of Stuttgart, Pfaffenwaldring 5a D-
70569 Stuttgart, Germany

A new tablet App for 2D and 3D mapping, sampling and data analysis
Osinski, G.R., Filion, J., Allison, D., and Bourassa, M., University of Western Ontario, Dept. of Earth Sciences, 1151
Richmond St., London, ON N6A 5B7, gosinski@uwo.ca

Exploring the Planets — A new blended and online approach to geoscience teaching
Osinski, G.R., Departments of Earth Sciences & Physics and Astronomy, University of Western Ontario, London, ON
N6A4 5B7

Impact cratering: An important driver of near-surface hydrothermal processes
Osinski, G.R., Dept. Earth Sciences & Physics and Astronomy, University of Western Ontario, London ON N6A4
5B7

Upper mantle and lower crustal xenoliths from southeast Yukon Territory
Padget, C.D.W., colin.padget@ucalgary.ca, Pattison, D.R.M., University of Calgary, 2500 University Dr., Calgary,
AB T2N IN4, and Moynihan, D.P., Yukon Geological Survey, 91807 Alaska Hwy, Whitehorse, YT YIA 6E7

Structural evolution of the Caledonian Highlands, New Brunswick: Timing and deformation history
in part of Avalonia

Park, A.F.!, Adrian.park@gnb.ca, Barr, S.M.?, White, C.E.%, Johnson S.C.!, and Reynolds, P.H.%, 'Geological
Surveys Branch, Department of Energy and Resource Development, PO Box 6000, Fredericton, NB E3B 5HI; 2De-
partment of Earth and Environmental Science, Acadia University, Wolfville, NS B4P 2R6, 3Department of Natural
Resource

Simultaneous simulation of engineered and natural barriers for the disposal of spent nuclear fuel/vit-
rified nuclear waste in underground repositories with HydroGeoSphere

Park, Y-J., Berg, S.J., Sudicky, E.A., Aquanty Inc. 564 Weber St. North Waterloo, ON N2L 5C6, yjpark@aquanty.
com, Tanaka, T., Bruines, P., Obayashi Corporation, Nuclear Facilities Division, Shinagawa Intercity Tower B, 2-15-
2 Konan, Minato-ku, Tokyo 108-8502, Japan, Hashimoto, S., EMG Ltd., Tokyo, Japan, and lllman, W.A., Univeristy
of Waterloo, Waterloo, ON N2L 3Gl
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Geochemical and structural analysis of Slide Mountain Terrane in south-central Yukon: Insights into
the early development of the NW Cordilleran orogen

Parsons, A.l.!, andrew.parsons@canada.ca, Zagorevski, A%, Milidragovic, D.2, Ryan, J.J.!, and van Staal,

C.R.', 'Geological Survey of Canada, Natural Resources Canada, 1500 — 605 Robson Street, Vancouver, BC V6B
5J3; 2Geological Survey of Canada, Natural Resources Canada, 601 Booth St, Ottawa, ON KI1A OES; *British Co-
lumbia Geological Survey, 86

Stratigraphy of the Paleoproterozoic Karrat Group, Greenland: Defining sedimentary-tectonic
cycles on the “far east” Rae craton

Partin, C.A., McConnell, M.V., and Magee, T.G., Department of Geological Sciences, University of Saskatchewan,
Saskatoon, SK S7N 5E2, camille.partin@usask.ca

Kinetic controls on staurolite-ALSiO, mineral assemblages, with implications for Barrovian and Bu-
chan metamorphism
Pattison, D.R.M., Department of Geoscience, University of Calgary, Calgary, AB T2N IN4, pattison@ucalgary.ca

The Strange Lake dispersal train: A product of a hard-bedded ice stream

Paulen, R.C.!, rogerpaulen@canada.ca, Stokes, C.R.%, Fortin, R.!, McClenaghan, M.B.!, Rice, J.M.?, and Dubé-
Loubert, H.%, 'Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, ON KI1A4 OES; *Depart-
ment of Geography, Durham University, Durham DHI1 3LE, UK; 3Department of Earth and Environmental Sci-
ences, University of Waterloo, 200 Univ

Mineralogical signature of the St. Lawrence Columbium Mine at Oka, Québec

Percival, J.B.!, Jeanne.Percival@Canada.ca, Venance, K.E.!, Desbarats, A.J.!, Parsons, M.B.3, Bilot, 1.!, Abra-
ham, A.C.3, and Laudadio, A.B.}, 'Geological Survey of Canada (GSC-Ottawa), 601 Booth St. Ottawa, ON K14
0ES; 2GSC-Atlantic, 1 Challenger Drive, PO Box 1006, Dartmouth NS B2Y 442; 3Dept. Earth Sciences, Carleton
University, 1125 Colonel By Drive, Ottawa, ON KIS 5B6

Detrital U-Pb and “’Ar/*Ar geochronology of Silurian-Devonian sedimentary rocks of the Connecti-
cut Valley-Gaspe trough: Tectonic implications for the southern Quebec and northern Vermont Ap-
palachians

Perrot, M., perrot.morgann@gmail.com, Tremblay, A., University of Québec in Montréal-GEOTOP, Président-Ken-
nedy St., Montréal, QC H2X 3Y7, David, J., Québec Geological survey-GEOTOP, Préesident-Kennedy St., Montréal,
QC H2X 3Y7, Canada, and Ruffet, G., Université Rennes 1, Général Leclerc Avenue, Rennes, 35042, France

A wish for wings that work: The use of aerodynamic modelling to unravel the origins of avian flight
Peters, S.!, peters.s@queensu.ca, Habib, M., Sheppard, K., Rival, D.%, and Dececchi, T.A.!, 'Department of Geo-
logical Sciences, Queen's University, Bruce Wing/Miller Hall, 36 Union Street, Kingston, ON K7L 3N6; *Keck
School of Medicine of USC, Department of Cell and Neurobiology, University of Southern California, Los Angeles,

The source and paleofluid evolution of secondary minerals in low-permeability Ordovician lime-
stones of the Michigan Basin

Petts, D.C.!, dpetts@uOttawa.ca, Diamond, L.W.2, Aschwanden, L.2, Al, T.A.!, and Jensen, M., 'Department of
Earth and Environmental Sciences, University of Ottawa, Ottawa, ON KIN 6N5; *Rock-Water Interaction Group,
Institute of Geological Sciences, University of Bern, Baltzerstrasse 3, 3012 Bern, Switzerland; *Nuclear Waste Man-
age

Complex fault reactivation history and style of the East Irish Sea Basin, offshore UK

Pharaoh, T.C. and Kirk, K., British Geological Survey, Keyworth, Nottingham, UK, tcp@bgs.ac.uk

Heterogeneous stress distributions within shallow subduction mélanges: Do they control the distri-
bution of seismic features?

Phillips, N.J., noah.phillips@mail.mcgill.ca, Rowe, C.D., McGill University, Montréal, QC, and Ujiie, K., Tsukuba
University, Japan
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Relative timing between the Canadian Malartic footprint and the regional metamorphism of the
northeastern Pontiac Subprovince, Abitibi, Québec

Piette-Lauzicre, N.!, nicolas.piette-lauziere. | @ulaval.ca, Gaillard, N.2, Guilmette, C.!, Bouvier, A.%, Perrouty, S.3,
and Pilote, P4, 'Université Laval, 1065 av. de la Médecine, Québec, QC G1V 046, *McGill University, 845 Rue
Sherbrooke O, Montréal, QC H3A4 0G4; *Western University, 1151 Richmond St, London, ON N6A 3K7; *Ministere
de I’Energie et des Ressources naturel

A tale of two lakes: Algal palynomorphs record the history of Walden Pond and Sluice Pond since
the Pilgrims landed in eastern Massachusetts

Pilkington, PM.!, ppllad@brocku.ca, McCarthy, FM.G.!, Hubeny, J.B.2, Monecke, K.}, Knights, C.%, Kielb, S.2,
and Garner, C.!, 'Brock University, 1812 Sir Issac Brock Way, St. Catharines, ON L2S 341, Salem State Univer-
sity, 70 Loring Ave, Salem, MA 01970, USA; *Wellsley College, 106 Central Street, Wellesley, MA 02481, USA

Petrographic, geochemical, and isotopic fingerprint and economic potential of the ca. 780 Ma Gun-
barrel LIP

Podlesny, A.!, alana. mackinder@gmail.com, Ootes, L.2, Sandeman, H.A .3, Cousens, B.}, and Ernst, R.E.%, 'Depart-
ment of Earth Sciences, Carleton University, Ottawa, ON KIS 5B6; *British Columbia Geological Survey, Victoria,
BC V8W 9N3; *Natural Resources Geological Survey, Government of Newfoundland and Labrador, St. John's, NL
AIB 4J6, *

Structural and petrological constraints on the metamorphic evolution of the foreland-hinterland
transition in the northern New Quebec Orogen, Nunavik

Porter, C.E.!, cporter!@unb.ca, van Rooyen, D.2, McFarlane, C.R.M.!, and Corrigan, D.?, 'University of New
Brunswick, 3 Bailey Dr., Fredericton, NB E3B 543; *Cape Breton University, 1250 Grand Lake Rd., Sydney, NS
BIP 6L2; *Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OES

Holocene record of climate and marine primary productivity change in the Santa Barbara Basin,
southern California

Pospelova, V.}, vpospe@uvic.ca, Mertens, K.N.2, Hendy, I.L.2, and Pedersen, T.E.!, 'School of Earth and Ocean
Sciences, University of Victoria, OEASB A405, PO Box 3065 STN CSC, Victoria, BC V8W 3V6, *Ifremer, LER BO,
Station de Biologie Marine, Place de la Croix, BP40537, F-29185 Concarneau Cedex, France; *Department

Identifying the hanging wall of the West Cycladic Detachment System, Aegean region, Greece

Powell, C.D.}, cpowe072@uottawa.ca, Schneider, D.A.!, Grasemann, B.%, Soukis, K.3, Rogowitz, A.%, and Camacho,
A4, 'Department of Earth Sciences, University of Ottawa, Ottawa, ON; *Department of Geodynamics and Sedimen-
tology, University of Vienna, Austria; *Faculty of Geology and geoenvironment, National and Kapodistrian Univer-

sity of Athens, Greece;

Diagenesis in the Mg-carbonate system: Implications for carbon sequestration

Power, LM.!, ipower@eoas.ubc.ca, Wilson, S.A.%, Morgan, B.2, Burton, C.A.%, Williams, T.B.%, Harrison, A.L.?,

and Dipple, G.M.!, 'The University of British Columbia, 2020-2207 Main Mall, Vancouver, BC V6T 174; *Monash
University, Clayton, VIC 3800, Australia; *Université de Toulouse, 14 Avenue Edouard Belin, 31400 Toulouse,
France

Transformation of the Geological Survey of Canada and Canadian Geoscience during the second
half of the Twentieth Century --- A personal perspective

Price, R.A., Department of Geological Sciences and Geological Engineering, Queen s University, Kingston, ON
K7L 3N6

Keynote (40 min): Giant economic iron formation and phosphorite deposits: Applied sedimentology
of ancient upwelling systems
Pufahl, PX., Acadia University, 12 University Avenue, Wolfville, NS B4P 2R6, peir.pufahl@aacdiau.ca

A new map database of glacial geomorphological landforms in Finland

Putkinen, N., niko.putkinen@gtk.fi, Putkinen, S., Geological Survey of Finland (GTK) PO Box 97, Kokkola, 67101,
FIN, Palmu, J-P, Ojala, A.E.K., GTK, PO Box 96, Espoo, 02151, FIN, Sarala, P., GTK, PO Box 77, Rovaniemi,
96101, FIN, and Ahtonen, N., GTK, PO Box 1237, Kuopio, 70211, FIN
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332

Fate of adsorbed molybdate during reductive transformation of iron(Ill) (hydr)oxides under advec-
tive flow conditions

Qin, K., Das, S., Lindsay, M.B.J., Department of Geological Sciences, University of Saskatchewan, Saskatoon, SK,
S7N 5E2, matt.lindsay@usask.ca

Keynote (30 min): Athabasca Basin diagenesis and diagenetic-hydrothermal alteration: What it is
and how it was characterized
Quirt, D.H., AREVA Resources Canada Inc., Saskatoon, SK, david.quirt@areva.com

Lead isotopes in exploration for basement-hosted uranium deposits at Kiggavik, Nunavut
Quirt, D.H.!, david.quirt@areva.com, Millar, R.2, and Benedicto, A.!, 'AREVA Resources Canada, Saskatoon,
SK; 2Saskatchewan Research Council, Saskatoon, SK

Effects of marine inundation on till composition in permafrost terrain South of Wager Bay, central
Mainland Nunavut

Randour, 1.\, randour.iyse@courrier.ugam.ca, McMartin, 1.2, and Roy, M.}, 'Université du Québec a Montréal, Mon-
tréal, QC; *Geological Survey of Canada, Ottawa, ON

Glacial dynamics of the Quebec-Labrador sector of the Laurentide Ice Sheet in northcentral Que-
bec/Labrador

Rice, .M., j4rice@uwaterloo.ca, Ross, M.A., University of Waterloo, Earth and Environmental Dept., 200 Univer-
sity Ave., Waterloo, ON N2L 3G1, Paulen, R.C., McClenghan, M.B., Geological Survey of Canada, 601 Booth St.
Ottawa, ON KIA OES, Neudorf, C.M., and Lian, O.B., University of the Fraser Valley, 33844 King Road, Abbots-
ford, BC V25 7M8

Rocks are Us — 175 years of the Geological Survey of Canada
Riddihough, R., 327 Ferndale Avenue, Ottawa, ON K1Z 6P9 robin.riddihough@sympatico.ca

Gravitationally-driven extensional collapse of a large hot orogen: Evidence from the western Gren-
ville Province

Rivers, T., Department of Earth Sciences, Memorial University, St. John's, NL. A1B 3X5, and Schwerdtner, F., De-
partment of Earth Sciences, University of Toronto, Toronto, ON M5S 3B1

Constraining the thermal evolution of the UG2 reef, Bushveld Complex, South Africa
Robb, S.J., Department of Earth Sciences, University of Toronto, 22 Russell St, Toronto, ON M5S 3B1, samuel.
robb(@mail.utoronto.ca

Subglacial landscape zones and their glacial dynamics based on surficial geology, till geochemistry,
and detrital '’Be: Hall Peninsula, southeastern Baffin Island

Ross, M., maross@uwaterloo.ca, Grunsky, E.!, Gosse, J.C.% Johnson, C.L.!, Tremblay, T.3, and Hodder, T.J.!, 'Uni-
versity of Waterloo, Waterloo, ON N2L 3G1; 2Department of Earth Sciences, Dalhousie University, Halifax, NS
B3H 4R2; *Canada-Nunavut Geoscience Office, 1106 Ikaluktuutiak Dr., Iqaluit, NU X0A4 0HO

Using susceptibility modelling to determine terrain sensitive to subsurface water pressurization in
permafrost landscapes

Rudy, A.C.A.", ashley.rudy@queensu.ca, Holloway, J.E.2, Lamoureux, S.F.!, and Treitz, P.!, 'Queen’s University,
Kingston, ON K7L 3N6,; *University of Ottawa, Ottawa, ON KIN 6N5

Rivers Mile 183.6: A deep seated landslide in the clay-shale of the Riding Mountain Formation
Ruel, M., Queen s University, 99 University Ave, Kingston, ON K7L 3N6, Melissa.ruel@cn.ca, Edwards, T., CN,
and Hutchison, J.

A 3-D framework of surficial geology for Canada

Russell, H.A.J.!, hazen.russell@canada.ca, Atkinson, N.2, Bajc, A.F.}, Brodaric, B.!, Keller, G.%, Lo, K.5, Parent,
M.}, Pyne, M.}, Smith, R.,, and Todd, B.!, 'Geological Survey of Canada; *Alberta Geological Survey, 3Ontario
Geological Survey, *Manitoba Geological Survey, >Saskatchewan Water Security Agency

Communicating 3D geological models to a broader audience: A case study from southern Ontario
Russell, H.A.JL.!, hazen.russell@canada.ca, Brodaric, B.!, Brunton, F.R.%, Carter, T.?, Clark, J.%, Logan, C.E.,

and Sutherland, L., 'Geological Survey of Canada; *Ontario Geological Survey, 3Carter Geoscience; *Oil Gas
and Salt Resources Library, Ontario
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343

Modelling the MOHO for the Canada3D initiative: An integrated approach using refraction seismic,
teleseismic and gravity data
Schetselaar, E.M., Geological Survey of Canada, 615 Booth Street, Ottawa, ON KIA OES

Mineral surface coatings in contaminated soils: Records of environmental processes and sinks of
metal(loid)-bearing incidental nanoparticles

Schindler, M.! and Hochella, Jr., M.F.23, 'Department of Earth Sciences, Laurentian University, Sudbury, ON; *De-
partment of Geosciences, Virginia Tech, Blacksburg, VA 24061, USA; *Geosciences Group, Pacific Northwest
National Laboratory, Richland, WA 99352, USA

The solid-phase speciation and post-depositional mobility of arsenic in lake sediments impacted by
ore roasting at Giant Mine, Yellowknife, NT, Canada

Schuh, C.E,, c.schuh@queensu.ca, Jamieson, H.E., Queen s University, Kingston, ON K7L 3N6, Palmer, M.J., Car-
leton University, Ottawa, ON KIS 5B6, and Martin, A.J., Lorax Environmental Services, Vancouver, BC V6J 3HY

Large-area SEM imaging in geosciences: Bringing the world of multiscale and multisource correla-
tive microscopy to classrooms as a tool for teaching and learning

Schumann, D., Unrau, D., Laquerre, A., Murray, A.J., Collins, R., and Phaneuf, M.W., Fibics Incorporated, 1431
Merivale Road, Ottawa, ON K2E 0B9, dschumann@fibics.com

Silicocarbonatite melt inclusions in fluorapatite from Otter Lake (Quebec): Evidence of carbonate
melts in the Central Metasedimentary Belt of the Grenville Province

Schumann, D., Fibics Incorporated, 1431 Merivale Road, Ottawa, ON K2FE 0B9, dschumann@fibics.com, Martin,
R.F., McGill University, 3450 University Street, Montreal, OC H3A OES8, de Fourestier, J., Mineralogical Research,
28 Broad Street, Gatineau (Aylmer), QC J9H 4H3, and Fuchs, S., GEOMAR — Helmholtz Centre for Ocean Re-
search Kiel, Wischhofstrasse 1-3, Geb. 84-112, D-24148, Kiel, Germany

Tectonic significance of late-orogenic cross-folds in a high-grade gneiss terrane - formation during
transtensional collapse

Schwerdtner, W.M., Department of Earth Sciences, University of Toronto, Toronto, ON M5S 3B1, and Rivers, T.,
Department of Earth Sciences, Memorial University, St. John's, NL AIB 3X5

The Muskox intrusion and the connection between LIPs and layered intrusions

Scoates, J.S., Pacific Centre for Isotopic and Geochemical Research, Earth, Ocean and Atmospheric Sciences,
University of British Columbia, Vancouver, BC V6T 174, jscoates@eoas.ubc.ca, and Scoates, R.F.J., 2502 Holyrood
Drive, Nanaimo, BC V9S 4K9

Till stratigraphy in the drumlinized terrain of the McArthur River uranium mine area in the eastern
Athabasca Basin

Scott, S.!, shawn.scott@uwaterloo.ca, Ross, M.!, Chouteau, M.2, Shamsipour, P.2, Chen, H.!, Campbell, J.E.}, Kotzer,
T.% Quirt, D.5, and Kyser, K.5, 'University of Waterloo, 200 University Ave W, Waterloo, ON N2L 3G1; 2Ecole
Polytechnique, 2900 Edouard Montpetit Blvd, Montreal, OB H3T 1J4; *Geological Survey of Canada, 601 Booth
St, Ottawa, ON KI1A OES, *Cameco Corporation, 2121 11"

Hadean-Archean transition: Implications of a global continental reconstruction
Sears, J.W., University of Montana, Missoula, MT, USA 59812, james.sears@umontana.edu

Deformation of the subduction plate interface beneath the seismogenic zone: An example from the
Leech River Shear Zone

Seyler, C.E., caroline.seyler@mail.mcgill.ca, and Kirkpatrick, J.D., McGill University, 3450 Rue University, Mon-
treal, QC H3A OES

Geochronology and genesis of the Andrew Lake uranium deposit, Thelon Basin, Nunavut, Canada
Shabaga, B.M.!, Brandi.Shabaga@umanitoba.ca, Fayek, M.!, Quirt, D.?, Jefferson, C.W.?, Camacho, A.!, 'Univer-
sity of Manitoba, Dept. of Geological Sciences, Winnipeg, MB R3T 2N2; 2AREVA Resources Canada Inc., PO Box
9204, 817 45" Street W., Saskatoon, SK S7K 3X5; 3Geological Survey of Canada, 601 Booth Street, Ottawa, ON
K14 OES
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A unified hydrogeological framework for southern Ontario: A progress report on surficial geological
stratigraphy

Sharpe, D.R.!, david.sharpe@canada.ca, Bajc, A.F.2, Hinton, M.J.!, and Russell, H.A.L.!, 'Geological Survey of
Canada, *Ontario Geological Survey

Timing of post-collisional Pan-African Orogeny granitic magmatism within south-central Chad
Shellnutt, J.G.\, jgshelln@ntnu.edu.tw, Pham, N.H.T.!, Denyszyn, S.W.2, Yeh, M-W.!, and Lee, T-Y.!, 'National
Taiwan Normal University, 88 Tingzhou Road Section 4, Taipei 11677, Taiwan; *University of Western Australia, 35
Stirling Highway, 6009 Australia

A geochemical explanation for the absence of environmental contamination by heavy metals in the
region of the Athabasca bituminous sands

Shotyk, W., shotyk@ualberta.ca, Bicalho, B., bicalho@ualberta.ca, Cuss, C.W., cuss@ualberta.ca, Donner,

M.W., mdonner@ualberta.ca, Grant-Weaver, L., igrantwe@ualberta.ca, Javed, M.B., mjaved@ualberta.ca, Mullan-
Boudreau, G., mullanbo@ualberta.ca, and Noernberg, T., noernber@ualberta.ca, University of Alberta, AB

Selenium stable isotope ratio measurements as a tool for determining processes in groundwater
Shrimpton, H.K., Ashrimpt@uwaterloo.ca, Jamieson-Hanes, J.H., Ptacek, C.J., and Blowes, D.W., Department of
Earth Sciences, University of Waterloo, Waterloo, ON N2L 3Gl

REE geochemistry of cumulate clinopyroxenites, wehrlites and mantle rocks and their REE-clinopy-
roxene concentrations, from W. Chalkidiki ophiolites, N. Greece

Sideridis, A.!, Tsitsanis, P.2, Tsikouras, B., Boucher, B.%, McFarlane, C.*, Grammatikopoulos, T.%, Tassos. Gram-
matikopoulos@sgs.com, and Hatzipanagiotou, K.!, 'University of Patras, University Campus, Rio, 265 04,

Greece; *Hellas Gold Exploration, Stratoni, Halkidiki, 630 82, Greece; *Universiti Brunei Darussalam, Jalan
Tungku Link, BE 1410 Gadong, Brunei Darussalam; *University of New

Marine palynology of the Miocene—Pliocene Rees Borehole, Belgium: biostratigraphy and paleoenvi-
ronments at the southern margin of the North Sea

Silwadi, S., saifsilwadi@gmail.com, Head, M.J., Department of Earth Sciences, Brock University, 1812 Sir Isaac
Brock Way, St. Catharines, ON L2S 341, and Louwye, S., Research Unit Palaeontology, Krijgslaan 281/S8, B-9000
Ghent, Belgium

Paleomagnetic directions from the Pretoria Group of South Africa: Hints at the position of the
Kaapvaal Craton at 2.2 - 2.1 Ga

Slotznick, S.P., University of California, Berkeley, Department of Earth & Planetary Science, 307 McCone Hall,
Berkeley, CA 94720, USA, sslotz@berkeley.edu, Evans, D.A.D., Yale University, Department of Geology and Geo-
physics, 210 Whitney Avenue, New Haven, CT 06511, USA, and Swanson-Hysell, N.L., University of California,
Berkeley, Department of Earth & Planetary Science, 307 McCone Hall, Berkeley, CA 94720, USA

Natural and anthropogenic controls of groundwater geochemistry on the Niagara Peninsula
Smal, C.A., caitlin.smal@gmail.com, Slater, G.F., McMaster University, Hamilton, ON, L8S 4L8, and Hamilton,
S.M., Ontario Geological Survey, Sudbury, ON, P3E 6B5

Construction and destruction of some North American cratons interpreted using 3-D lithospheric
models

Snyder, D.B., Geological Survey of Canada, Ottawa, ON KIA OE9, dbsnyder1867@gmail.com, Humphreys, E.,
University of Oregon, OR, USA and Pearson, D.G., University of Alberta, Edmonton, AB

Exploring the origins of drumlins and megascale glacial lineations
Sookhan, S., shane.sookhan@mail.utoronto.ca, and Eyles, N., eyles@utsc.utoronto.ca, University of Toronto, 1265
Military Trail, Toronto, ON MI1C 144

Direct dating of a shear fabric: An example from a Himalayan shear zone

Soucy La Roche, R., Godin, L., Department of Geological Sciences and Geological Engineering, Queen'’s Univer-
sity, Kingston, ON K7L 3NG6, soucy.la.roche.r@queensu.ca, Cottle, J.M., Department of Earth Science, University of
California, Santa Barbara, California 93106-9630, USA, and Kellett, D.A., Geological Survey of Canada, 1 Chal-
lenger Drive, Dartmouth, NS B2Y 442
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Abrupt along-strike variations in the P-T-t evolution of the Himalayan middle crust: Insights from
western Nepal klippen

Soucy La Roche, R., Godin, L., Department of Geological Sciences and Geological Engineering, Queen's Universi-
ty, Kingston, ON K7L 3N6, soucy.la.roche.r@queensu.ca, and Cottle, JM., Department of Earth Science, University
of California, Santa Barbara, California 93106-9630, USA

Geochronology and geochemistry of calcite-filled fractures, southern Ontario: Insight into Creta-
ceous plate reorganization?

Spalding, 1.}, jspal066@uottawa.ca, Schneider, D.A.!, Gautheron, C.%, Sarda, P.2, Davis, D.3, and Petts, D.!, 'Univer-
sity of Ottawa, 25 Templeton Street, Ottawa, ON KIN 6N5; *Université de Paris-Sud, 91405 Orsay, *University of
Toronto, 22 Russell Street, Toronto, ON M5S 3B1

On the trail of the Great Stone Chief

Spooner, 1., Raeside, R., Department of Earth and Environmental Science, Acadia University, Wolfville, NS B4P
2R6, ispooner@acadiau.ca, Duke, D., Department of History and Classics, Acadia University, Wolfville, NS B4P
2R6, and Berger, A., 3 Prince St., Wolfville, NS B4P IP7

In situ dating of multiple events in Neoproterozoic granulite-facies rocks of the Larsemann Hills,
Prydz Bay, East Antarctica using electron microprobe analysis of monazite

Spreitzer, S.K.!, Williams, M.L.%, Yates, M.G.!, Jercinovic, M.J.2, Grew, E.S.!, esgrew(@maine.edu, and Carson,
C.J3, 'University of Maine, Bryand Center, Orono, ME 04469, USA; *University of Massachusetts, Morrill Center,
Amherst, MA 01003, USA; 3Geoscience Australia, Canberra ACT 2601 Australia

Supracrustal rocks of the Tehery-Wager area: Distinct packages and their metamorphic assemblag-
es

Steenkamp, H.M.!, holly.steenkamp. l @ulaval.ca, Wodicka, N.?, Guilmette, C.!, Lawley, C.J.M.%, and Weller,

0.M.2, 'Université Laval, 2325 Rue de [’Université, Québec City, QC G1V 046, *Geological Survey of Canada,
601 Booth Street, Ottawa, ON KIA OES

Stable and radiogenic Sr isotope systematics of magmatic-meteoric hydrothermal systems
Stevenson, R., Geotop and Sciences de la terre et de I’atmosphere Université du Québec a Montreal, Station Centre-
Ville, PO Box 8888, Montreal, QC H3C 3P8

Architecture of Upper Cretaceous faulting within the Great Plains polygonal fault system
St-Onge, A., PFS Interpretations Ltd., 427 28 Avenue NW, Calgary, AB T2M 2K7

Tectonic map of Arctic Canada (TeMAC): A first derivative product from the Canada-in-3D geologi-
cal compilation work

St-Onge, M.R.!, marc.st-onge@canada.ca, Harrison, J.C.!, Paul, D.!, Tella, S.!, Brent, T.A.2, Jauer, C.D., and Ma-
clean, B.C.3, 'Geological Survey of Canada, Ottawa, ON, >Geological Survey of Canada, Calgary, AB; *Geologi-
cal Survey of Canada, Halifax, NS

Evolving crustal architecture in magmatic arcs: An example from Fiordland New Zealand

Stowell, H.H., University of Alabama, Tuscaloosa, AL 35487, USA, hstowell@ua.edu, Klepeis, K., University of
Vermont, 308 Delehanty Hall, Burlington, VT, USA, and Schwartz, J., California State University Northridge, 18111
Nordhoff St., Northridge, CA, USA

Volcanic, structural, and hydrothermal controls on mineralized environments at the Onaman Prop-
erty, northern Ontario

Strongman, K.S., kstrongman@laurentian.ca, Gibson, H.L., Laurentian University, 935 Ramsey Lake Road, Sud-
bury, ON P3E 2C6, and Howard, A.E., Nebu Consulting LLC, Williamsville, NY, USA

Simulating 100kyr glacial cycles over North America within the University of Toronto Glacial Sys-
tems Model (UofTGSM) framework

Stuhne, G. and Peltier, W.R., Dept. of Physics, University of Toronto, 60 St. George St., Toronto, ON M5S 147, gor-
dan@atmosp.physics.utoronto.ca

Keynote (40 min): Big models need big data: Integrated hydrosystem modelling in Canada
Sudicky, E.A., Department of Earth & Environmental Sciences, University of Waterloo, Waterloo, ON, sudicky@
uwaterloo.ca
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367 Paleokarst features below the Silurian-Devonian unconformity, southwestern Ontario
Sun, S.!, ssun224@uwo.ca, Brunton, F.R.2, and Jin, J.!, 'Department of Earth Science, Western University, London,
ON NG6A 5B7; *Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, ON P3E
6B5

368 Hydrothermal alteration of the crater-lake sediments in the Ries impact structure, Germany
Svensson, M.J.O. and Osinski, G.R., Centre for Planetary Science & Exploration / Dept. Earth Sciences, University
of Western Ontario, 1151 Richmond Street N. London, ON N6A 5B7, msvenss@uwo.ca

369 Identification an accretionary orogen by amount of juvenile compositions: An examples from SW
Central Asia Orogenic Belt
Tao Wang, Ying Tong, He Huang, Lei Zhang, Lei Guo, Jianjun Zhang, Institute of Geology, Chinese Academy of
Geological Sciences, Beijing, China, taowang@cags.ac.cn

370 Unknown knowns: A multidiscipline approach investigation previously unknown amber samples
and their paleoecological implications
Tapscott, M.!, Handyside, E.!, Narbonne, G.M.!, Kyser, K.!, Tahara, R.2, Larsson, H.C.E.%, and Dececchi, T.A.!, 'De-
partment of Geological Sciences, Queen’s University, Bruce Wing/Miller Hall, 36 Union Street, Kingston, ON K7L
3N6; Redpath Museum, McGill University, 859 Sherbrooke Street West, Montreal, QC H3A 2K6

371 3D geological modeling of quaternary sediments for seismic shaking assessment on a regional scale
Taylor, A., ajtaylor@uwaterloo.ca, Ross, M., University of Waterloo, 200 University Ave W, Waterloo, ON, N2L
3G1, Parent, M., Nastev, M., Geological Survey of Canada, 490 rue de la Couronne, Quebec, QC GIK 949, Atkin-
son, G., and Mihaylov, A., Western University, 1151 Richmond Street, London, ON N6A4 3K7

372 Thelon Tectonic Zone: Crustal origins, tectonic setting, and implications for the Thelon-Taltson oro-
genic belt -- An oxygen isotope perspective
Taylor, B.E., Bruce.Taylor@canada.ca, Berman, R.G., Whalen, J.B., and Davis, W.J., Geological Survey of Canada,
601 Booth Street, Ottawa, ON K14 OES

373 Oxygen isotope zoning at the Archean Izok Zn-Cu-Pb-Ag VMS deposit, Nunavut, Canada: Hanging
wall vector to mineralization
Taylor, B.E., Bruce.Taylor@canada.ca, Peter, J. M., Geological Survey of Canada, 601 Booth Street, Ottawa, ON
K14 OES, Laakso, K., Helmholtz Institute Freiberg for Resource Technology, Chemnitzer Strasse 40, 09599 Frei-
berg, Germany, and Rivard, B., Dept. of Earth and Atmospheric Sciences, 1-26 Earth Sciences Building, University
of Alberta, Edmonton, AB T6G 2E3

374 In-situ sulphur isotope study of the Prairie Creek deposit, southern Mackenzie Mountains, NWT:
Deciphering the conundrum of three deposit styles in one
Taylor, B.E., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES8, Bruce.laylor@canada.
ca, Paradis, S., Geological Survey of Canada, 9860 West Saanich Road, Sidney, BC V8L 4B2, Falck, H., Northwest
Territories Geological Survey, NWT, and Wing, B., Department of Earth and Planetary Sciences, McGill University,
Montreal, QC

375 Deformation and extensional exhumation of Paleoproterozoic high-pressure granulites along the
Wholdaia Lake shear zone, south Rae craton, Northwest Territories
Thiessen, E.J.}, ericiamesthiessen@gmail.com, Regis, D.%, Gibson, H.D.!, and Pehrsson, S.J.2, 'Simon Fraser Uni-
versity, Burnaby, BC; *Geological Survey of Canada, 601 Booth Street, Ottawa, ON

376 Faults in the late Paleozoic Antigonish sub-basin, Nova Scotia, reinterpreted as potential salt welds
Thomas, A.K. and Waldron, J.W.F., Department of Earth and Atmospheric Sciences, University of Alberta, Edmon-
ton, AB T6G 2E3

377 Keynote (40 min): From geoscience to metallurgy — improving mining, processing and sustainability
Thompson, J.F.H., Cornell University, Ithaca, NY 14853, USA, jft66(@cornell.edu

378 Paleoenvironmental implications of rugose coral growth ridges in the Middle Devonian Hungry Hol-
low Member, Michigan Basin
Thomson, A.M., agrouchy@uwo.ca, Tsujita, C.J., and McCausland, P.J.A., Department of Earth Sciences, Western
University, London, ON N6A4 5B7
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Keynote (40 min): Geological mapping in the US
Thorleifson, L.H., Minnesota Geological Survey, 2609 West Territorial Road, St Paul, MN 55114-1009 USA, thor-
leifl@umn.edu

Polyphase structural deformation of low- to medium-grade metamorphic rocks of the Liaohe Group
in the central segment of Jiao-Liao-Ji Orogenic Belt, North China Craton: Correlations with tec-
tonic evolution

Tian, Z.H., Liu, F.,, Xu, W., Ji, L., Liu, L., and Dong, Y., Institute of Geology, Chinese Academy of Geological Sci-
ences, Beijing 100037, China

What small Earth Science institutions can do for education: An example from the Quartermain
Earth Science Centre, Fredericton, New Brunswick

Timmermans, A.C., Quartermain Earth Science Centre, Department of Earth Sciences, University of New Bruns-
wick, PO Box 4400, Fredericton, NB E3B 543 www.QuartermainEarthScienceCentre.com

Basaltic lava flow field analog at Craters of the Moon National Monument and Preserve

Tolometti, G.D., Niesh, C.D., Earth Science Department, Centre for Planetary Science and Exploration, Univer-
sity of Western Ontario, London, ON N6A 5B7, gtolomet@uwo.ca, and Osinski, G.R., Earth Science Department,
Physics and Astronomy Department, Centre for Planetary and Science Exploration, University of Western Ontario,
London, ON N6A 5B7

Two contrasting crustal blocks revealed by Nd-Hf isotope data from Paleozoic granitoids on either
side of Erlian-Hegenshan suture

Tong, Y.!, Yingtong@cags.ac.cn, Wilde, S.A.%, Jahn, B-m.’, Wang, T.!, Guo, L.!, Enkh-Orshikh, O.%, and Tserendash,
N.4, Unstitute of Geology, Chinese Academy of Geological Sciences, Beijing, China, 100037; *Department of Ap-
plied Geology, Curtin University, Perth 6102, Australia; *Department of Geosciences, National Taiwan University,
Taipei 106, *Insti

A geochemical and petrographic study of Postshield volcanism and the generation of trachyte on
West Maui, HI

Trenkler, M.L., matt.trenkler@carleton.ca, Cousens, B.L., Department of Earth Sciences, Carleton University, 1125
Colonel By Drive, Ottawa, ON KIS 5B6

Till compositional inheritance and overprinting in the Hudson Bay Lowland and across onto the Pre-
cambrian Shield

Trommelen, M.S.!, michelle.gauthier@gov.mb.ca, Kelley, S.E.2, Hodder, T.J.!, Wang, Y., and Ross, M., 'Manitoba
Geological Survey, *University of Waterloo, Waterloo ON

Reconstructing the depositional environment of the Late Ordovician Rouge River Member, lower
Blue Mountain Formation, southern Ontario

Truong, R., rtruong@uwaterloo.ca, Kendall, B., University of Waterloo, Department of Earth and Environmental
Sciences, 200 University Ave W., Waterloo, ON N2L 3G1

Sulfur isotope fractionation in the Eastern Equatorial Pacific derived from reaction-transport mod-
els

Tsang, M-Y., my.tsang@mail.utoronto.ca, and Wortmann, U., University of Toronto, 22 Russell St., Toronto, ON
M5S 3B1

Lithostratigraphy, chemostratigraphy, and detrital zircon geochronology of the Mesoproterozoic
Hunting Formation, Somerset Island (NU)

Turner, E.C., Harquail School of Earth Sciences, Laurentian University, Sudbury ON P3E 2C6, eturner@laurentian.
ca

Litho- and chemostratigraphic transect of the Cambro-Ordovician Franklin Mountain Formation
across the interior plains, NWT

Turner, E.C., Harquail School of earth Sciences, Laurentian University, Sudbury ON P3E 2C6, eturner@laurentian.
ca, MacNaughton, R.B., and Fallas, K., Geological Survey of Canada, 3303-33rd St NW, Calgary, AB T2L 247
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Neoproterozoic lithofacies control ore distribution at the Kipushi Cu-Zn deposit (Democratic Repub-
lic of Congo) and Gayna River Zn camp (NWT)

Turner, E.C., Harquail School of Earth Sciences, Laurentian University, Sudbury, ON P3E 2C6, Brooks, T.,

and Broughton, D.W., Ilvanhoe Mines, 654-999 Canada Place, Vancouver, BC

Mineralogy and geochemistry of fracture coatings in Athabasca Group sandstone as records of pri-
mary and secondary elemental dispersion

Valentino, M., marissa.valentino@gmail.com, Kyser, K., Queen s University, 36 Union Street, Kingston, ON K7L
3N6, Leybourne, M., Laurentian University, 935 Ramsey Lake Road, Sudbury, ON P3E 2C6, Kotzer, T., Cameco
Corporation, 2121 11" Street W, Saskatoon, SK S7M 1J3, and Quirt, D., AREVA Resources Canada Inc., 817 45
Street W, Saskatoon, SK S7L 5X2

Keynote (40 min): From fault dates to orogenic rates
van der Pluijm, B., Univ of Michigan-Ann Arbor, vdpluijm@umich.edu, Haines, S., Ohio State Univ., Hnat, J., Shell
Exploration & Production, and Pana, D., Alberta Energy Regulator, Alberta Geological Survey

Effects of orthogonal compression and dextral transpression on metamorphic evolution of the Paleo-
proterozoic New Quebec orogen

Van Rooyen, D., Department of Mathematics, Physics, and Geology, Cape Breton University, Sydney, NS BIP

6L2, deanne vanrooyen@cbu.ca, and Corrigan, D., Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA
OES

Keynote (40 min): Tectonic evolution of the Newfoundland Appalachians
van Stal, C.R., Geological Survey of Canada, 1500-605 Robson Street, Vancouver, BC V6B 5J3, cees.vanstaal@,
canada.ca, and Zagorevski, A., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES

Geometallurgical analysis of the Decar nickel deposit, British Columbia: Implications for tailings
management and CO, sequestration

Vanderzee, S., Dipple, G., Power, 1., University of British Columbia, Main Mall, Vancouver, BC V6T 174, svander@
eoas.ubca.ca, and Bradshaw, P., First Point Minerals, Pender St., Vancouver, BC V6E 2P4

Structural analysis and shear zone thermometry in the southeastern Churchill Province
Vanier, M-A., Université Laval, 1065 avenue de la Médecine, Quebec, QC G1V 046, marc-antoine.vanier. | @ula-
val.ca (+6 other authors)

Searching for a deep biosphere, hydrocarbon fingerprint in hydrothermal vent sediments at Guay-
mas Basin

Ventura, G.T.!, todd.ventura@smu.ca, Nelson, R.K.?, Walters, C.C.3, Higgins, M.B.}, Reddy, C.M.2, Dalzell, C.!,
and Sievert, S.M.%, 'Saint Mary s University, Halifax, NS B3H 3C3; 2Woods Hole Oceanographic Institution,
Woods Hole, USA; ExxonMobil Research and Engineering, Clinton, NJ, USA

Tracking the solidus of cumulates in layered intrusions related to LIPs using trace elements in zircon
and rutile from the Bushveld Complex

Ver Hoeve, T.J.!, tverhoev@eoas.ubc.ca, Scoates, J.S.!, Wall, C.J.2, Weis, D.!, and Amini, M.!, 'Pacific Centre for
Isotopic and Geochemical Research, Department of Earth, Ocean, and Atmospheric Sciences, University of British
Columbia, Vancouver, BC V6T 174, *Department of Geosciences, Boise State University, 1910 University Drive,
Boi

Late Cretaceous to Paleocene tectono-metamorphic evolution of southwest Yukon
Vice, L., lvice@sfu.ca, Gibson, H.D., Simon Fraser University, Burnaby, BC, Israel, S., Yukon Geological Survey,
Whitehorse, YT, and Crowley, J., Boise State University, Boise, ID, USA

From a tide- to storm-dominated depositional system in a mixed carbonate-siliciclastic succession:
The Upper Ordovician Vauréal Formation, eastern Anticosti Island, Québec

Vincent-Couture, M. and Desrochers, A., University of Ottawa, Department of Earth and Environmental Sciences,
ON KIN 6N5, mvinc083@uottawa.ca
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Characterization of the mode of occurrence and compositions of strategic elements in the Vazante
willemite ore and hematite-rich breccia, Minas Gerais, Brazil

Waberi, S., shawna.waberi@gmail.com, Olivo, G.R., and Layton-Matthews, D., Queens University, Kingston, ON
K7L 3N6

Tectonic versus sedimentary mélanges, mélanges within mélanges, and megathrust slip accommoda-
tion in subduction complexes

Wakabayashi, J., Department of Earth and Environmental Sciences, California State University, Fresno, 2576 E. San
Ramon Avenue ST-24, Fresno, CA 93740-8029, USA, jwakabayashi@csufresno.edu

Diachronous Palaeozoic accretion of peri-Gondwanan terranes in the Caledonides and northern Ap-
palachians

Waldron, J.W.F., Department of Earth & Atmospheric Sciences, University of Alberta, Edmonton, AB T6G 2E, john.
waldron@ualberta.ca, Schofield D.1., British Geological Survey, The Lyell Centre, Research Avenue South, Edin-
burgh EHI4 44P UK, Murphy, J.B., Department of Earth Sciences, St. Francis Xavier University, Antigonish, NS
B2G 2W35, Ady, B.E., and Whittaker, R.C., GeoArctic Ltd., 3300, 205-5" Avenue SW, Calgary, AB T2P 2V?

Large layered intrusions in LIPs as amalgamated stacks of out-of-sequence sills from high-precision
dating of the Stillwater Complex

Wall, C.J., ewall@eoas.ubc.ca, Scoates, J.S., Weis, D., Friedman, R.M., Amini, M., Pacific Centre for Isotopic and
Geochemical Research, Department of Earth, Ocean and Atmospheric Sciences, 2020-2207 Main Mall, University of
British Columbia, Vancouver, BC V6T 174, and Meurer, W.P., ExxonMobil Upstream Research, Houston, TX, USA

Differentiating tills in the Hudson Bay Lowland; Gillam area, northern Manitoba

Wang, Y., Kelley, S.E., Ross, M., University of Waterloo, 200 University Ave W, Waterloo, ON N2L

3G1, y649wang@uwaterloo.ca, Trommelen, M.S., and Hodder, T.J., Geological Survey of Manitoba, Manitoba Min-
eral Resources, 360-1395 Ellice Avenue, Winnipeg, MB R3G 3P2

290-270 Ma volcanism along the Central Asian Orogenic belt: Reworked or a process of the accre-
tionary orogeny?

Wang, Y., Luo, Z., and Hao, J., Institute of Earth Sciences, China University of Geosciences, Beijing

100083, wangy@cugb.edu.cn

Keynote (40 min): When does monazite crystallise in metamorphic rocks?

Warren, C.J.!, clare.warren@open.ac.uk, Roberts, N.M.W.%, Greenwood, L.V.!, Parrish, R.R.?, Argles, T.W.},

and Harris, N.B.W., 'School of Environment, Earth and Ecosystem Sciences, The Open University, Walton Hall,
Milton Keynes, MK7 6AA; *NERC Isotope Geoscience Laboratories, British Geological Survey, Kingsley Dunham
Centre, Keyworth NG12 5GG

Age and preliminary paleomagnetic assessment of the Silurian Mavillette gabbro, Meguma terrane,
Nova Scotia, Canada

Warsame, H.S., hwarsame(@uwo.ca, McCausland, P.J.A., Western University, 1151 Richmond St, London, ON, N6A4
5B7, White, C.E., Nova Scotia Department of Natural Resources, PO Box 1003, Halifax, NS B3J 2T9, Barr, S.M.,
Acadia University, 15 University Ave, Wolfville, NS B4P 2R6, and Dunning, G.R., Memorial University, 230 Eliza-
beth Ave, St. John's, NL AIB 3X5

Vertical stacking patterns of matrix-rich and matrix-poor sandstones in a deep-marine channel-mar-
gin succession, Isaac Formation, Windermere Supergroup, British Columbia
Wearmouth, C.D., cwear099@uottawa.ca, and Arnott, R.-W., University of Ottawa, Ottawa, ON KIN 6N5

Sulfur cycling over the past 70 million years
Weiqi, Y., University of Toronto, 22 Russell Street, Toronto, ON M5S 3B1

Deep and long-lasting mantle plumes with enriched mantle-1 signatures

Weis, D., Harrison, L., and Scoates, 1.S., Pacific Centre for Isotopic and Geochemical Research, Department of
Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207 Main Mall, Vancouver, BC V6T
174, dweis@eos.ubc.ca
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Fluids in the Los Azufres Geothermal Field, Mexico traced by noble gas isotopes and *’Sr/*Sr

Wen, T., Penn State University, University Park, PA, USA, jaywen@umich.edu, Pinti, D.L., GEOTOP, Université
du Québec a Montréal, QC, Castro, M.C., Hall, C.M., University of Michigan, Ann Arbor, MI, USA, Shouakar-
Stash, O., Isotope Tracer Technologies Inc., Waterloo, ON, Lopez-Hernandez, A., UMSNH, Morelia, Mich., México,
and Sandoval-Medina, F., Gerencia de Proyectos Geotermoeléctricos, CFE, México

The Silurian-Devonian Rockville Notch Group, Nova Scotia, Canada — unique to Meguma

White, C.E., Nova Scotia Department of Natural Resources, Halifax, NS B3J 2T9, whitece(@gov.ns.ca, Barr, S.M.,
Department of Earth and Environmental Science, Acadia University, Wolfville, NS B4P 2R6, and Linnemann, U.,
Senckenberg Naturhistorische Sammlungen Dresden, Konigsbriicker Landstr. 159, D-01109 Dresden, Germany

Keynote (30 min): The varieties of fault experience (with apologies to William James)
White, J.C., University of New Brunswick, 3 Bailey Dr., Fredericton, NB E3B 543

The foreland basin offshore western Newfoundland: Concealed record of northern Appalachian
orogen development

White, S.E., sewhite@ualberta.ca, and Waldron, J.W.F., Department of Earth and Atmospheric Sciences, University
of Alberta, Edmonton, AB

Keynote (40 min): High-temperature metamorphism and Grenville orogenesis in the Adirondack
Highlands, New York, USA

Williams, M.L.!, Grover, T.W.2, Jerconivic, M.J.}, Pless, C.R.}, and Regan, S.P.!, 'University of Massachusetts, Am-
herst, MA 01003, USA; *Castleton University, Castleton, VT 05735, USA

Comparing climate signals obtained from encrusting and free-living Southwest Greenland coralline
algae

Williams, S.M., University of Toronto, 27 King's College Circle, Toronto, ON M5S 3B1, siobhan.williams@mail.
utoronto.ca

Compositional evidence for magma recharge and mixing in CFB reservoirs: Evidence from melt
inclusions in HALIP basalts

Williamson, M-C.,, Jackson, S.E., Yang, Z., Venance, K., and Hunt, P., Geological Survey of Canada, 601 Booth St.,
Ottawa, ON KI1A OES8

Volcanology and geochemistry of HALIP flood basalts, Axel Heiberg Island, Nunavut

Williamson, M-C., Saumur, B-M., Geological Survey of Canada (Central), 601 Booth St., Ottawa, ON KIA

0ES, Evenchick, C.A., Geological Survey of Canada (Pacific), 1500 — 605 Robson Street, Vancouver, BC V6B

5J3, Little, K.J., and Cousens, B.L., Department of Earth Sciences, Carleton University, 1125 Colonel By Drive, Ot-
tawa, ON KIS 5B6

Geochemistry of shield basalts from the island of Kaua‘i and the emergence of the Hawaiian geo-
chemical trends

Williamson, N.M.B., Weis, D., and Scoates, J.S., Pacific Centre for Isotopic and Geochemical Research, Depart-
ment of Earth, Ocean and Atmospheric Sciences, 2020-2207 Main Mall, University of British Columbia, Vancouver,
BC V6T 174, nwilliam@eoas.ubc.ca

Keynote (40 min): Quantitative mineralogy of gossans and stream sediments in the High Arctic
Large Igneous Province (HALIP) via SEM-MLA: Implications for economic potential

Wilton, D.H.C., Department of Earth Sciences, Memorial University, St. John's, NL AIB 3X35, dwilton@mun.
ca, Williamson, M-C., and McNeil, R.J., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KIA OES

The beginning and end of metallogeny in the Labrador Central Mineral Belt; 1868 to 1064 Ma Re-
Os molybdenite dates bracket the widespread polymetallic mineralization

Wilton, D.H.C., Department of Earth Sciences, Memorial University, St. John's, NL A1B 3X35, dwilton@mun.ca,
and Selby, D., Department of Earth Sciences, Durham University, Durham DHI 3LE, UK
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Neoarchean to Paleoproterozoic evolution of the south-central Rae margin, Tehery-Wager area,
Nunavut: Insights from field mapping, U-Pb geochronology, and Sm-Nd isotope data

Wodicka, N.!, natasha.wodicka@canada.ca, Steenkamp, H.M.?, Peterson, T.!, Whalen J.!, and Lawley,

C.J M.}, 'Geological Survey of Canada, Ottawa, ON KIA OES; *Canada-Nunavut Geoscience Office, Iqaluit, NU
X04 0HO

Using integrated zircon U-Pb-Hf-O isotopes to unravel Archean crustal evolution: Example from
the Southern Jilin Complex in the North China Craton

Wu, M., geowumeiling@gmail.com, Lin, S., University of Waterloo, Waterloo, ON N2L 3G1, Wan, Y.S., Beijing
SHRIMP Center, Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China, Gao,
J-F., State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, China, and Stern, R.A., Canadian Centre for Isotopic Microanalysis, Department of Earth and
Atmospheric Sciences, University of Alberta, Edmonton, AB

Tectonic transformation from the Paleo-Pacific to west Pacific plate subduction — based on the geo-
logic evidence of the southeastern China continental margin
Xie, Y., Wang, Y., and Zhou, L., China University of Geosciences, 29 Xueyuan Road, Haidian District

Episodic subduction of the Proto-Tethyan Ocean along the NE Tibet-Qinghai Plateau: Evidence
from Lajishan ophiolites and arc-related magmatism

Yan, Z., Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China, yanzhen@mail.ig-
geas.ac.cn

Numerical investigation into reducing mechanisms in the precipitation of unconformity-related ura-
nium deposits

Yang, J. and Aghbelagh, Y.B., University of Windsor, 401 Sunset Avenue, Windsor, ON N9B 3P4, jianweny@uwind-
sor.ca

Flotation mechanism of sulphide melt on vapor bubbles in crystal mush
Yao, Z.S., yaozhuosen@163.com, and Mungall, J.E., Department of Earth Sciences, University of Toronto, ON M5S
3B1

Early Cretaceous metamorphism of the Fiordland magmatic arc, Fiordland, New Zealand

Yelverton Jr., J.W., jwyelverton@crimson.ua.edu, and Stowell, H.H., Department of Geological Sciences, University
of Alabama, Box 870338, Tuscaloosa, AL 35487, USA

Terrane boundaries and terrane boundary displacements: Application of Appalachian concepts to
British Columbia and Yukon

Zagorevski, A., Geological Survey of Canada, 601 Booth St., Ottawa, ON KI1A OES, alex.zagorevski@canada.

ca, Mihalynuk, M.G., Geological Survey and Resource Development Branch, BC Ministry of Energy and Mines, PO
Box 9333 Stn Prov Govt, Victoria, BC V8W 9N3, and McGoldrick, S., School of Earth & Ocean Sciences, Univer-
sity of Victoria, Victoria, BC VW 3P6

Novel approaches to 3D geologic mapping using kinematic mobile laser scanning and LiDAR inten-
sity

Zanetti, M., michael.zanetti@uwo.ca, Osinski, G.R., Neish, C.D., University of Western Ontario, Dept. of Earth Sci-
ences, Dept of Physics and Astronomy, and the Centre for Planetary and Space Exploration (CPSX), 1151 Richmond
St N, London, ON N6A 5B7, and Kukko, A., National Land Survey of Finland (NLS), Finnish Geospatial Research
Institute (FGI), and the Centre of Excellence in Laser Scanning Research (CoE-LaSR), Geodeetinrinne 2, 02460 Ma-
sala, Finland

Cambrian to Silurian ophiolite in the northern Tibetan Plateau
Zhai, Q-g.A.!, zhaigingguo@126.com, Wang, J.A.', Li, C.B.2, Hu, P-y.A., and Tang, Y.A.!, 'Institute of Geology,
CAGS, Beijing, China,; *School of Earth Science, Jilin University, Changchun, Jilin, China

Ocean-climate system and bioevents from Hirnantian-Wenlock conodonts and integration with grap-
tolite biozones, Cape Phillips Formation, Cornwallis Island, Canadian Arctic Islands

Zhang, S., Canada - Nunavut Geoscience Office, PO Box 2319, 1106 Inuksugait IV, I* floor, Igaluit, NU X0A

0HO, Jowett, D.M.S., 15 Somerglen Place SW, Calgary, AB T2Y 3L5, and Barnes, C.R., School of Earth and Ocean
Sciences, University of Victoria, PO Box 1700, Victoria, BC V8W 2Y2, crbarnes@uvic.ca
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435 On the importance of geological data for three-dimensional transient hydraulic tomography at a
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Zhao, Z., z58zhao@uwaterloo.ca, and lllman, W.A., willman@uwaterloo.ca, University of Waterloo, 200 University
Avenue W, Waterloo, ON N2L 3G
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tionary orogenesis
Zhong, L.L.!", Wang, B.!, bwang@nju.edu.cn, Liu, H.S.!, Kapp, P.2, Worthington, J.R.2, Cao, Y.C.!, and He,
Z.Y.!, 'School of Earth Sciences and Engineering, Nanjing University; *Department of Geosciences, University of
Arizona

437 Joint inverse modeling of groundwater level and multi-extensometer data for improved characteriza-
tion of heterogeneous aquitards
Zhuang, C.!, zchao1990@hhu.edu.cn, Zhou, 7., zhouzf@hhu.edu.cn, lllman, W.A %, willman@uwaterloo.ca, Guo,
Q.!, guogiaona2010@hhu.edu.cn, and Wang, 1., wang_jinguo@hhu.edu.cn, 'Hohai Univeristy, No.l Xikang Road,
Nanjing, China, 210098, 2University of Waterloo, University Avenue, Waterloo, ON N2L 3Gl
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Reduction of AMD generation and availability of metals from sulfidic mine tailings
through biochar application: A laboratory scale study

Abedin, J., Labrador Institute of Memorial University, 219 Hamilton River Road, Happy Valley-Goose Bay, NL
AOP 1E0, jabedin@mun.ca

Biochar is a carbonaceous substance produced from pyrolysis of biomass whose addition to environmental
media reportedly confers many benefits, including aiding in carbon sequestration, reducing greenhouse gas
emissions, raising pH, and immobilizing organic and inorganic contaminants. This study investigated whether
applying biochar to acidic mine tailings could simultaneously help to decrease acidity and increase immobiliza-
tion of toxic metals. To this end we conducted a series of experiments with shake flasks and columns involving
fast pyrolysis biochar (FB) and mine tailings (MT) from the Vale mine at Voisey’s Bay, NL. Additional MT
from an abandoned mine site at Gullbridge, NL were used in the shake flask experiments only. The study also
included admixtures of a product formulated by Virotec Global Solutions Pty Ltd called Terra B (TB), added to
biochar (1:19 w/w) to see whether it can further increase efficacy.

With Voisey’s Bay MT, pH increased with both shaking time and rate of FB or FB+TB application, whereas in
Gullbridge MT, pH is affected only by the rate of application. The increase in pH was about 0.8 unit for FB
only (35% w/w) treatment, but the increase was doubled when FB+TB was applied. In case of Gullbridge MT
the increase in pH was about 1.6 units at the FB only (35% w/w) treatment, which further increased to 2.2 units
with FB+TB treatment at the same application rate. With the column experiment 30% FB application leads

to a pH increase of 1.3 units while 30% FB+TB treatment increased the pH by 2.2 units. Immobilization of

a number of metals (Fe, Mn, Ni, Cu, Co, Al, etc.) increased relative to control with the increasing rates of FB
or FB+TB applications. In general, FB+TB performed better than FB treatments alone. Percent immobiliza-
tion of metals also varied depending on residence time and type of MT. At the highest residence time (4 weeks
for shake flasks and 14 weeks for columns), with the highest FB+TB treatment, >90% immobilization was
achieved for Fe, Ni, Cu, Co and Al. The experimental results therefore suggest that biochar has the potential
to decrease acidity and increase the immobilization of toxic metals in sulfidic mine tailings. These effects can
further be enhanced through by applying biochar along with Terra B.
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An investigation of apatite as an indicator mineral that recorded hydrothermal fluid
chemistry at the Cantung tungsten skarn deposit, NWT, Canada

Adlakha, E.E., erin.adlakha@smu.ca, Hanley, J.J., Saint Mary s University, 901 Robie St., Halifax, NS B3H
3C3, and Falck, H., NWT Geological Survey, 5310 44 St., Yellowknife, NT XIA 1K3

The Cantung tungsten deposit, District of Mackenzie, NWT, Canada, is a complexly zoned, high-grade exos-
karn hosted in metacarbonate of the Selwyn Basin and spatially associated with the monzogranitic Minestock
Pluton. Multiple, overprinting anhydrous (pyroxene and/or garnet) and hydrous (amphibole or biotite) skarn
units comprise the deposit and contain variable amounts of scheelite, pyrrhotite and apatite, with trace plagio-
clase, allanite, and tourmaline. Hydrothermal apatite is a potential indicator mineral for W-skarn deposits, as

it can accommodate a variety of trace elements in its crystal structure and thus record the evolution of fluid
chemistry during skarn development. Using petrographic and LA-ICPMS methods, this study (i) resolves the
paragenesis of apatite in different skarn types, (ii) characterizes and differentiates trace element abundances in
apatite from skarn and the monzogranite, and (iii) elucidates the distribution of trace elements in zoned apatite,
through the interpretation of multielement maps. Apatite occurs as euhedral, zoned crystals and is parageneti-
cally early in all skarn types. Apatite occurs in trace amounts in garnet skarn, but is abundant in amphibole
skarn, and ubiquitous in biotite skarn, occurring with coarse-grained (<0.5 cm) scheelite. Garnet skarn contains
apatite with low Sr (55.4 to 153 ppm), variably high As (up to 14.6 ppm), Mn (417 to 5000 ppm), and Fe (150
— 9200 ppm) and Ce /Y ratios from 2 to 6. Apatite from amphibole skarn contains relatively low Sr (55.1 to
132 ppm) and As (up to 4.0 ppm), with high Mn (797 to 4450 ppm) and Fe (196 to 6460 ppm) and Ce /Y ra-
tios ranging 3.0 to 48. Apatite from biotite skarn contains low Sr (55.4 to 171 ppm), variably high As (up to
21.8 ppm), Mn (470 to 4090 ppm) and Fe (470 to 4280 ppm), with Ce /Y ratios ranging 1.8 to 49. Magmatic
apatite contains high Sr (189 to 286 ppm), As (up to 14.1 ppm), and relatively low Mn (616 to 2300), Fe (89.0
to 885 ppm) and Ce /Y ratios from 0.6 to 1.4. Using ternary diagrams, these compositional parameters allow
discrimination between apatite of different skarn types and origin. Most apatite exhibit negative Eu anomalies;
however, some hydrothermal apatite is zoned with cores exhibiting positive Eu anomalies. These anomalies are
explained by the partial dissolution of plagioclase during the early stages of skarn development. Current work
is ongoing to identify elemental associations using trace element maps in order to understand the evolution of
the hydrothermal system during skarn development.
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Early Cenozoic evolution of the Gurla Mandhata core complex, NW Nepal Himalaya

Ahenda, M., mark.ahenda(@gmail.com, Godin, L., Queen s University, Kingston, ON K7L 3N6, Grujic, D., Dal-
housie University, PO Box 15000, Halifax, NS B3H 4R2, and Stevenson, R., Université du Québec a Montréal,
CP 8888, Succursale Centre-Ville, Montréal, QC H3C 3P8§

The Gurla Mandhata dome is an amphibolite to granulite facies metamorphic core complex of uncertain
lithotectonic affinity exposed in the hinterland of the Himalaya in NW Nepal. Subsequent to crustal thicken-
ing, exhumation occurred along a system of local detachment and strike-slip faults associated with a Middle
Miocene transition from dominant N-S directed contraction to orogen-parallel extension identifiable across
the Himalayan orogen. Previous work has disparately assigned the rocks of the core complex to two different
Himalayan lithotectonic units, the Lesser Himalayan sequence or the Greater Himalayan sequence. This intro-
duces first-order structural and petrological uncertainties regarding the position of the Main Central thrust and
the Main Himalayan detachment. Studies have also identified major shear zones with top-to-the-W shear fab-
rics along the margins of the core complex, interpreted to be associated with Middle Miocene doming. These
fabrics are observed to dominate the core complex such that much of the evidence for its pre-Middle Miocene
prograde tectonic history has likely been overprinted by progressive shear. To gain a more complete structural
and temporal understanding of the core complex, fieldwork was performed in Spring 2016 along a 40 km N-S
transect across the core complex, traversing and sampling a new segment of the dome previously only mapped
remotely.

The core complex contains abundant quartzo-feldspathic (+ Grt & Sill) schist with some augen gneiss, calc-sili-
cate, and leucogranite bodies. Metamorphic units are slightly to moderately migmatized, up to diatexite migma-
tite. Structural elements are constant across the core complex, with foliation in most units striking NW to NE
and with E-plunging mineral lineations defined by sillimanite and by biotite and quartz aggregates. Strained
metamorphic units display abundant top-to-the-W macro- and microscopic shear fabrics. These lineations and
foliation are consistent with the interpretation that they are associated with the exhumation of the core complex,
though the lack of convincing retrogressive mineral assemblages allows for the possibility that the top-W shear
fabrics are the initial peak-metamorphic top-to-the-S structures rotated by late Miocene extension. Furthermore,
the constant orientation of all structural elements observed across the core complex challenges previous inter-
pretations that the Gurla Mandhata core complex has a domal geometry throughout. Our Sm/Nd isotope analy-
sis and bulk rock geochemical analyses, complemented by in situ U-Th/Pb monazite geochronology and micro-
structural analysis, will help constrain the Gurla Mandhata core complex’s lithotectonic affinity and enable the
reconstruction of the prograde early Cenozoic history and crustal-scale geometry of the dome.
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Diffusion research: Lab scale to field scale — recent advances

Al, T.A., Department of Earth & Environmental Sciences, University of Ottawa, tom.al@uottawa.ca

The geology that surrounds a proposed deep geological repository (DGR) represents the ultimate barrier to
migration of contaminants toward surface receptors. Geologic systems with very low permeability where solute
transport is dominated by diffusion are a prerequisite, so the requirement to understand the diffusive trans-

port properties of the rocks is fundamental to site characterization for a DGR. Diffusion research is therefore

a key component of the Canadian geoscience research program directed by the Nuclear Waste Management
Organization. The research involves development of lab- and field-scale methods for measuring diffusion

and reaction properties of crystalline and sedimentary rocks. Goals of lab-scale studies include determination
of pore- and effective-diffusion coefficients (Dp and De) for gases (He and CH,) and chemical (CI, Br, I') or
isotopic (**O, '"H*HO) tracers in response to variables such as lithology, confining pressure and degree of partial
gas saturation. Lab-scale investigations also allow for quantification of important transport properties for both
non-reactive and reactive solutes such as tracer-accessible porosity, cation-exchange capacity (CEC) and ion-
exchange selectivity coefficients. These measurements must be complimented by experiments that investigate
the larger-scale integrated transport properties of the surrounding geosphere. The best approach for scaling up
from lab to field involves natural analogues whereby numerical diffusion models are used to match profiles of
naturally-occurring chemical and isotopic tracers to obtain formation-scale parameters and to estimate residence
time in the subsurface. Site investigations for the DGR proposed by OPG for low- and intermediate-level waste
at the Bruce nuclear site in Ontario provided opportunities to apply methods, including the natural analogue
approach. This presentation will review the variety of methods that have been developed and applied at the lab
and field scales, and will describe ongoing efforts to improve and expand methods for application in the near
future at sites that will be evaluated for potential to host a DGR for used nuclear fuel.
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The zircon record of granitic continental crust subjected to tectonic burial, from 0 to > 60
km, the Eastern Segment, Sveconorwegian orogen

Andersson, J.!, jenny.andersson@sgu.se, Moller, C.2, Lundqvist, L.?, Hellstrom, F.3, Johansson, L.,
and Claeson, D.*, 'Geological Survey of Sweden, Box 670, SE75128 Uppsala, Sweden; *Lund Univ., Lund,
Sweden; 3SGU, Uppsala, Sweden; *SGU, Lund, Sweden

The Eastern Segment of the Sveconorwegian orogen in Scandinavia exposes the deeply eroded remnants of a
1.0 Ga collisional orogen. It constitutes the foreland facing, easternmost segment of the orogen, which also ex-
poses the most deeply buried sections of continental crust. New mapping, U-Th-Pb zircon, and bulk geochemi-
cal data combined with a previously existing extensive data set, demonstrate that the Eastern Segment almost
entirely consists of deformed and metamorphosed rocks of the 1.87—-1.66 Ga Transscandinavian Igneous Belt; a
magmatic belt that forms a major part of the pre-Sveconorwegian continent also east of the orogen. The Eastern
Segment exposes a ca 150 km wide section of the Transscandinavian Igneous Belt at westwards successively
deeper levels of Sveconorwegian tectonic burial, including also an eclogitized unit (> 60 km). Detailed studies
of field relations at 18 selected localities across this section, combined with careful imaging and U-Th-Pb ion
microprobe analyses of zircon, in both unmetamorphosed and strongly reworked rocks, allows for recognition
of a first order tectonometamorphic and temporal build-up of this part of the orogen. It also allows discrimina-
tion between Sveconorwegian and pre-Sveconorwegian metamorphism and deformation structures. Texturally
and isotopically identical zircon phases are found in undeformed granites at shallow tectonic levels along the
orogenic front, and in intensely deformed veined orthogneiss in the internal parts of the Eastern Segment. The
secondary zircon in these rocks dates two intervals of pre-Sveconorwegian high-grade metamorphism and as-
sociated magmatism at 1.47-1.44 Ga and 1.42-1.38 Ga, respectively (both events related to Hallandian orogen-
esis). The data highlights the necessity of full control of field relations for interpretation of zircon data. In the
internal parts of the Eastern Segment, pre-Sveconorwegian ductile deformation and vein structures are strongly
deformed and transposed. High-pressure metamorphism in a distinct eclogitized tectonic unit is dated at 0.99-
0.98 Ga. Partial melting and ductile deformation at granulite to amphibolite facies conditions (including the
eclogitized unit) is dated at 0.98-0.96 Ga. Felsic dykes cross-cutting high-grade features are dated at 0.96-0.94
Ga. The Sveconorwegian migmatite zircon is chemically and texturally different from the older Hallandian
migmatite zircon. This reflects differences in pressure, temperature and/or melt composition during migmatiza-
tion, to be further explored by systematic study of partially molten rocks and zircon behaviour across the East-
ern Segment traverse.
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Mineralogical and geochemical characterization of spilled tailings from the Mount Polley
Mine: Implications for remediation and rehabilitation

Anglin, C.D., Imperial Metals Corporation, 200-580 Hornby St, Vancouver, BC V6C 3B6, langlin@imperial-
metals.com, and Kennedy, C.B., SRK Consulting (Canada) Inc., 2200-1066 W. Hastings, Vancouver, BC V6E
3X2

A breach of the Mount Polley Mine (MPM) Tailings Storage Facility embankment occurred on August 4, 2014,
releasing tailings, supernatant and pore water, as well as dam construction materials, into the environment.
Variable mixtures of tailings, dam construction materials, and scoured natural soil and glacial sediments, were
deposited into two lakes (Polley and Quesnel) and in the valley of Hazeltine Creek. An understanding of the re-
gional and local geology, as well as the mineralogical and geochemical characteristics of materials released (i.e.
tailings), and an understanding of how these materials will weather and what processes will control the release
of constituents, is required to inform remediation and rehabilitation of the area impacted by the breach.

Located approximately 55 km northeast of Williams Lake, British Columbia, the MPM is located in Quesnellia,
an accreted terrane in the Intermontane Belt of the Canadian Cordillera. Hosted in the Mount Polley Intrusive
Complex, the MPM is an alkali copper-gold porphyry deposit consisting of alkalic, marginally silica-undersatu-
rated intrusions, and magmatic-hydrothermal breccias. The country rocks are predominantly mafic to interme-
diate volcanics. The mineralization is hosted mainly within a monzonitic intrusion. Hydrothermal alteration is
dominantly potassic, with pervasive calcite, natural oxide alteration, and a lack of pronounced pyrite haloes.

A geochemical characterization program, including laboratory kinetic testing (humidity cells and columns),
was developed and carried out on spilled tailings; and background geology, mineralogy and geochemistry
information was reviewed to provide context for analytical results. Copper and selenium were the main focus
of continued investigations as they were identified to be enriched in the initial study of tailings geochemical
characteristics. However, all parameters with guidelines for the protection of freshwater aquatic life in British
Columbia are being monitored. Kinetic testing results are now available for up to 90 weeks. Results support
the assessment that acid rock drainage (ARD) is not expected from the tailings and leaching will be under neu-
tral to alkaline conditions. Leaching rates are now either stable or slowly declining, which is expected to con-
tinue. Variability in leaching rates has also been established and some kinetic testing is ongoing. The relative
geochemical stability of the MPM tailings indicates that they are not likely to pose a chemical contamination
problem, particularly those that were deposited under water. The results of these geochemical and other inves-
tigations are being used to inform the ongoing remediation planning and rehabilitation activities at the mine, as
well as current and future monitoring programs.
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Ice streams within the last Cordilleran Ice Sheet

Arbelaez-Moreno, L., l.arbelaez.moreno@mail.utoronto.ca, Eyles, N., and Sookhan, S., University of Toronto
at Scarborough, Scarborough, ON MIC 144

The Cordilleran Ice Sheet (CIS) in western North America is the least understood of all late Wisconsin North-
ern Hemisphere ice sheets. It reached its maximum extent (~2.5 x 10° km?) as late at c. 14,500 ybp when it
was broadly similar in size and basal topography to today’s Greenland Ice Sheet. High resolution geomorphic
mapping has the object of identifying subglacial landforms below the ice sheet to gain insights into its paleo-
glaciology, bed rheology and mode of flow. Some 80% of the ice sheet’s bed consists of high mountains and
alpine terrain. The remainder consists of subglacially-streamlined rock and sediment at lower elevations within
outlet valleys and across broad intermontane plateaux of the Intermontane Belt of interior British Columbia and
coterminous parts of Washington State and Montana of the northern USA. Mapping and field work in these
areas contrasts so-called ‘mixed beds’ consisting of variably-streamlined patches of bedrock protruding through
discontinuous drumlinized till, from drumlinized ‘soft beds’ underlain by deformation till reworked from over-
ridden glaciolacustrine and glaciofluvial sediment. Drumlins on soft beds are erosional features cut into till
and underlying sediments, and are transitional downglacier to megascale glacial lineations (MSGLs) that iden-
tify the trunks of at least 10 large fast-flowing (< 400 m yr") paleo-ice streams. The location of ice streams
primarily reflects topographic funneling of outflows from plateau surfaces through outlet valleys and lowland
‘gateways’ underlain by thick deformation till. Other marine-based ice streams were present within overdeep-
ened offshore troughs fed by fiords along the Pacific coast but their geomorphic footprint is largely unexplored.
CIS disintegrated in < 1000 years after c¢. 13,000 ybp and released large volumes of meltwaters and sediment
through interior valleys to the Pacific. Abrupt collapse may reflect the rapid onset of ice streaming when the ice
sheet reached its maximum volume leading to unsustainable ice losses from calving ice streams terminating in
the ocean or in deep interior ‘fiord’ lake basins.
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Post-accretionary uplift of the Meguma Terrane relative to the Avalon Terrane in the Ca-
nadian Appalachians

Archibald, D.B., darchiba@stfx.ca, Murphy, J.B., Department of Earth Sciences, St. Francis Xavier University,
5009 Chapel Square, Antigonish, NS B2G 2W5, Jourdan, F., and Reddy, S.M., The Institute for Geoscience
Research (TIGeR), Department of Applied Geology, Curtin University, Perth, WA, Australia

Accreted terranes are discrete crustal blocks with distinct geological histories normally bounded by long-lived
fault zones with complex histories. These fault zones are the locus for relative and repeated movements dur-
ing the initial docking and post-accretionary tectonism. The Avalon and Meguma terranes are the two most
outboard accreted terranes in the Canadian Appalachians. These terranes were located along the Gondwanan
margin in the Early Paleozoic. Accretion to the Laurentian margin followed as Iapetus Ocean closed, either as
separate crustal blocks during the Early or Late Devonian respectively, or during a single event as a contiguous
terrane in the Early Devonian. The Minas Fault Zone delineates the boundary between these peri-Gondwanan
terranes. Exposures of the fault zone at various localities in mainland Nova Scotia crop out over a length of ca.
300 km and include the Chedabucto Fault, to the north of which lies the Avalon Terrane, and the West River St.
Mary’s Fault, to the south of which lies the Meguma Terrane. Between these faults lies the St. Mary’s Basin,

a Late Devonian-Early Carboniferous basin containing almost entirely continental clastic rocks and contains
clasts of Meguma terrane lithologies. An unnamed, elongate and foliated granite pluton exposed along the
West River St. Mary’s Fault intrudes Meguma Supergroup metasedimentary rocks. The well-developed fo-
liation consists of a shallowly (<10°) westerly plunging stretching lineation, and C-S fabrics with muscovite
aligned in the S fabric. New U-Pb (zircon) geochronological data yield a crystallization age for the intrusion
of 375.0 + 4.6 Ma that is indistinguishable from previously reported Late-Devonian intrusions in the Meguma
Terrane. *°Ar/**Ar (muscovite) age data will be presented during this conference to help constraining the timing
of deformation and exhumation of these rocks into the upper crust. The presence of abundant granite clasts in
St. Marys Basin strata indicated the granites were exposed by ca. 360 Ma. Taken together, these data document
the Upper-Devonian tectonic history of the region and the relationship between the Avalon and Meguma ter-
ranes following their accretion to the Laurentian margin.
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Modal, textural and chemical variations in the vanadiferous magnetite deposit of the Lac
Doré Complex (Québec) and their implications on the chemical purity of magnetite con-
centrates

Arguin, J-P., arguinrock@hotmail.com, Pagé, P., Barnes, S-J., Université du Québec a Chicoutimi, Chicoutimi,
QC G7H 2B1, and Girard, R., I0S Services Géoscientifiques Inc., Chicoutimi, QC G7J 3Y2

Vanadium extraction from magnetites is very sensitive to the presence of contaminating elements (e.g., Si, Ca
and transition metals). Consequently, a good knowledge of the distribution of these contaminants in rocks and a
good understanding of ore behavior during comminution and beneficiation processes are critical to optimise the
extraction process. Geometallurgy, an emerging approach within the mining industry, aims to integrate geologi-
cal and metallurgical data to develop predictive models for the improvement of ore processing. Knowingly,
geometallurgical modeling proves to be an efficient tool to optimize the production of very clean magnetite
concentrates.

VanadiumCorp Resources Inc. plans to extract the vanadium contained in magnetites from its Lac Doré prop-
erty (Lac Doré Complex, a layered intrusion in the north of Québec, Canada) to produce high-purity vanadium
chemicals (99.99%) for the industry of vanadium flow redox batteries. However, contaminants from gangue
minerals and magnetites themselves cause recovery losses and expensive purification steps. Therefore, obtain-
ing cleanest magnetite concentrates must be optimized for the beneficiation process, either it is alkali roasting,
smelting or else. The purpose of this PhD research project is to assess the effects of mineralogical variations
on the purity of magnetite concentrates produced from a transect line across the stratigraphy of the East deposit
(Lac Dor¢ property). Two issues will be investigated: (1) the implication of modal and textural variations on
magnetite liberation during comminution processes; and (2) the implication of mineral composition and its
variations on the incorporation rate of contaminating elements. This will be achieved by using in situ quanti-
tative mineralogical analyses (based on backscattered electron imagery, plus EDS and LA-ICP-MS analyses)
combined with laboratory-scale comminution and magnetic separation tests. Results from our preliminary pe-
trographic study reveal that magnetite is preferentially associated with (1) ilmenite produced by oxy-exsolution
processes and primary crystallization, (2) actinolite and chlorite derived from the metamorphism of plagioclase
with water interaction, and (3) chlorite formed by the replacement of magnetite itself along fractures and grain
margins. Two types of oxy-exsolutions are present in magnetites: (i) ilmenite exsolutions resulting from the
oxidation of the ulvospinel component at temperatures above the solvus of the magnetite-ulvospinel solid solu-
tion; and (ii) ilmenite exsolutions resulting from the oxidation of exsolved ulvospinels. Since the abundance,
attachments and composition of the associated minerals vary greatly in the studied transect due to changes in
rock formation and metamorphism conditions, they are suspected to affect the chemical constancy of magnetite
concentrates.
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Revisiting the composition of Hawai‘i’s most geochemically enriched shield basalts

Armstrong, C.J., carmstro@eoas.ubc.ca, Weis, D., Scoates, J.S., Pacific Centre for Isotopic and Geochemical
Research, Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207
Main Mall, Vancouver, BC V6T 174, and Garcia, M.O., Department of Geology and Geophysics, School of
Ocean and Earth Science and Technology, University of Hawai ‘i at Manoa, 1680 East West Road, Honolulu, HI
96822, USA

Intraplate volcanism linked to mantle plumes produces basalts with diverse radiogenic isotope signatures,
which can be juxtaposed along a single hotspot, demonstrating a high degree of geochemical heterogeneity in
the deep mantle. On the Hawaiian Islands, a unique geochemical signature occurs in basalts that erupted late
in the shield-building stage of Ko‘olau volcano on O‘ahu. These tholeiites evolved from a ‘Loa-trend’ com-
position, which prevails on the southwest side of the Hawaiian Island chain, to a more geochemically enriched
‘Makapu‘u-type’ signature, similar to the EM-1 mantle component. This signature, the most enriched observed
in Hawaiian Island shield basalts, is recognized by high concentrations of incompatible trace elements that are
correlated with low '*Nd/'*Nd and '"*Hf/!’Hf, and with high ¥’Sr/*¢Sr and 2°Pb*/?*Pb*. Despite their signifi-
cance as an end-member composition, there are no Makapu‘u basalt samples for which a full, high-precision
suite of major element oxides, trace element concentrations, and isotopic ratios has been characterized on the
same aliquot of rock powder—a deficiency that significantly limits robust interpretations. We have estab-
lished a comprehensive geochemical dataset with new samples from the sequence of basalt flows exposed at
Makapu‘u Point in southeast O‘ahu, the classic Makapu‘u-stage basalt type section. Complementary samples
from intracaldera mafic dykes (H3) and from 160 metres of inland basaltic drill core (WAF) allow for an as-
sessment of the temporal and aerial extent of the enriched Makapu‘u signature in Ko‘olau basalts. The new
analyses show tight correlations among radiogenic isotopes of Sr, Nd, Hf and Pb. Compared to the Makapu‘u
section, the trace element signatures of the WAF drill core samples exhibit greater variability in light rare earth
element (LREE) concentrations, while the H3 dykes have, on average, slightly more LREE-depleted trace ele-
ment patterns. All analyzed samples (Makapu‘u, H3, and WAF) have Makapu‘u-like trace element character-
istics, with high St/Nb and La/Nb, and low Th/La in comparison to Mauna Loa basalts. Our geochemical and
isotopic study confirms the presence of the Makapu‘u end-member in late-stage basalts across Ko‘olau volcano.
It also provides greater precision for modelling the contribution of the EM-1 mantle component to the geo-
chemistry of Hawaiian shield volcanoes, and ultimately for modelling the role of the anomalous large low shear
velocity province (LLSVP) at the core-mantle boundary in the structure of the Hawaiian mantle plume.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 10



Organic-rich (source) strata in deepwater rocks of the Neoproterozoic Windermere Super-
group — Mudrocks but sandstones too

Arnott, R.W.C., University of Ottawa, Ottawa, ON KIN 6N5, warnott@uottawa.ca, Ross, G.M., Kupa’a
Farms, Kula, Hawaii, USA, and Osadetz, K., CMC Research Institutes Inc., Calgary, AB T2L 2K8

Petroleum source rocks generally occur in Phanerozoic strata as fine-grained, organic-rich lithologies. Organic-
rich deep marine sedimentary rocks of the Neoproterozoic Windermere Supergroup are enriched not only in the
thin mudstone caps of thin-bedded turbidites deposited on the levees of slope channel, but also in intercalated
thick- and very thick-bedded turbidites. Organic-rich sediment associated with thin-bedded turbidites represents
fine suspended sediment that was carried high above the channel bottom and overspilled onto the levee. Or-
ganic-rich sediment in thick- and very thick-bedded turbidites, on the other hand, occurs in the thin, fine-grained
cap to the bed, but significantly also as discrete layers within the medium-grained, typically parallel-laminated
sandstone that comprises most of the bed. The intercalated organic-rich and quartz-rich layers indicate that the
organic material particles were hydraulically equivalent to medium quartz sand grains that were either origi-
nally in-situ bound or partly lithified and preferentially sorted on the bed just prior to deposition. Moreover

the sedimentation style in these thicker beds suggests deposition by more energetic flow stripping processes at
channel bends. Collectively the preferential organic matter preservation in levee deposits indicates higher local
sedimentation rates and more rapid burial, which together would have enhanced source rock preservation poten-
tial. Contemporaneously, common bed scour preferentially removed fine-grained bed tops, and exposed buried
organic material to oxidation in the adjacent channels. Additionally, the abundance of mineral matter (grains) in
channel fills would have diluted and therefore further reduced the organic content.

Organic-rich deep marine strata of the Windermere Supergroup were episodically resedimented from an upflow
source area, indicating that they are unrelated to either water column anoxic events or a quasi-permanent rain
of hemipelagic or pelagic organic matter to the sea floor. Instead, the vertically spaced and paleogeographi-
cally controlled occurrence of organic-rich beds is due to recurring episodes of high organic productivity in the
upflow source region subsequently enriched by sediment sorting processes during transport and deposition on
the seabed.
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Alteration assemblages and gold mineralisation styles in the Archean Miller dyke complex,
Abitibi greenstone belt, Ontario

Arteaga, L., larteaga melo@laurentian.ca, Kontak, D., and Gibson, H., Harquail School of Earth Sciences,
Laurentian University, 935 Ramsey Lake Rd, Sudbury, ON P3E 2C6

The Miller property, located 15 km south of Kirkland Lake in the southern part of the Archean Abitibi green-
stone belt, contains Au with minor Cu and Mo mineralisation within a multi-phase dyke complex that intrudes
mafic to intermediate metavolcanic rocks. The intrusive phases making up the complex include: 1) equigranu-
lar quartz-monzodiorites to tonalites; 2) porphyritic tonalites to granodiorites; and 3) fine-grained porphyritic
gabbros. Core logging complemented with detailed petrography and SEM-EDS analysis indicate the presence
of several alteration assemblages that are classified into four groups: 1) a first group controlled by Au-bear-

ing quartz veinlets with proximal albite-pyrite selvages which grade to chlorite-calcite-pyrite and then to distal
calcite-chlorite; 2) a pervasive and extensively distributed albite-sericite-hematite assemblage which affects
most of the intrusive rocks. The primary plagioclase in these dykes has been albitized with fine-grained inclu-
sions of sericite and hematite, which lends the rocks a characteristic red-brick colour. This albitic alteration is
occasionally accompanied by porous-episyenitic textures due to dissolution of quartz and mafic minerals; 3) al-
teration adjacent to the intrusions and hosted by the metavolcanic wallrock includes sericite-albite-calcite-chlo-
rite-pyrite, and garnet-chlorite-calcite-epidote-pyritetchalcopyrite (skarn-like) which forms veins and irregular
patches; and 4) an alteration assemblage which post-dates mineralisation and is represented by either chlorite-
clay veins and breccias or silica-hematite in small breccia bodies and fault zones. Two mineralisation events
are identified in the Miller dyke complex. The earliest and most important is represented by veinlets of quartz
+ tourmaline + pyrite + Au hosted by the dykes, and the altered contacts between the dykes and volcanic rocks.
The veins are generally centimetric, planar, low-angled, and sheeted, but with local stockworks. This Au miner-
alising event has Au grades of hundreds of ppb to several ppm and represents the main exploration target for the
project. A later event, probably sub-economic is characterised by disseminated sulfides (pyrite-chalcopyrite-
molybdenite) associated with dissolution features, such as cavities in the episyenites and dissolved margins of
earlier quartz veins. The Au values of this event are erratic and Cu and Mo grades rarely reach 0.5 wt. %. The
integrated study of alteration-mineralisation features in the Miller dyke complex will not only help to define the
exploration potential of the project, but also to better understand the magmatic-hydrothermal evolution of the
south part of the Kirkland Lake camp.
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The geochemistry and geochronology of the End Deposit, NE Thelon region, Nunavut
Canada: Insight to the Athabasca basin’s closest relative

Ashcroft, G.S.!, gregsashcroft@gmail.com, Fayek, M.!, Quirt, D.2, Camacho, A.!, and Jefferson, C.W.3, 'De-
partment of Geological Sciences, 240 Wallace Building, University of Manitoba, 125 Dysart Road, Winni-
peg, MB R3T 2N2; 2AREVA Resources Canada Inc., PO Box 9204, 817 - 45" Street W., Saskatoon, SK S7K
3X5; 3Geological Survey of Canada, 601 Booth Street, Room 659 or 681, Ottawa, ON KI1A4 OES

The Paleoproterozoic, intracratonic Thelon Basin, located ~100-500 km west of Baker Lake, Nunavut, has been
studied over the past few decades by various researchers, but it is still relatively poorly understood. It displays
many stratigraphic, sedimentological and metallogenetic similarities to the uranium-producing Athabasca Basin
located in Northern Saskatchewan that have made it an attractive target for uranium exploration.

The Kiggavik uranium project area is located in the NE region, in sub-Thelon Formation basement rocks, just
south the Thelon Basin, ~80 km west of Baker Lake. The project area contains a series of uranium deposits
generally located along a NNE-trending structural corridor known as the Andrew Lake-Kiggavik structural
trend. The End deposit, within this structural trend, is hosted by Neoarchean metasedimentary rocks interpreted
to belong to the Pipedream Assemblage of the Woodburn Lake group.

Three paragenetic stages of uranium mineralization are preserved, with the third stage comprising 3 sub-stages.
The oldest dated stage is disseminated uraninite (U1) (~1500 Ma). This is transected by vein-type uraninite
(U2) (~1300Ma). These in turn were remobilized as foliation-parallel (U3a), infill-type (U3b) (~970 Ma) and
micro-roll-front style (U3c) (~750Ma). All uranium oxide minerals are highly altered and the U-Pb ages ob-
tained are fairly discordant, suggesting that Pb-loss has occurred. Therefore, these ages are interpreted to repre-
sent thermal or tectonic resetting events. The U-Pb ages of uranium minerals from the End deposit are similar
to the ages of uranium mineralization at the Bong deposit, which coincide with regional and tectonic thermal
events.

Three alteration events were also dated using **Ar/*Ar geochronology of muscovite and illite with ~1600,
~1474 and ~1300 Ma. A ~1600 event is slightly younger than the 1.67 Ga age of fluorapatite cement in the
Thelon Basin, consistent with replacement of fluorapatite by uraninite in the Kiggavik Main Zone. The ~1474
and 1300 Ma events coincide with ages of uranium minerals from the End deposit. The fluid that deposited U1
and illite (I11) had a temperature of 210 + 16 °C with a §"*0 and 3D +1.6 to 6.8 + 0.7 %o and -131 £ 4%o re-
spectively. The stable isotope systematics of the uranium deposits of the Athabasca and McArthur River Basin
(Australia) suggest that these deposits formed from interaction of basinal brines with basement fluids, whereas
deposits from the Kiggavik camp, like the Bong and End deposits, appear to have formed from hydrothermal-
meteoric fluids.
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Optimal density to fractionate organic and mineral particles of Québec boreal lake sedi-
ments

Aubin, M., Paré, M., Fundamental science department, University of Québec in Chicoutimi, 555 University
Boulevard, Saguenay, QC G7H 2B1, Girard, R., I0S Services Géoscientifiques Inc, 1319 St-Paul Boulevard,
Saguenay, QC G7J 3Y2, and Saint-Laurent, D., Université du Québec a Trois-Rivieres, CP 500, Trois-Rivieres,
0C G94 5H7

Bottom lake sediments geochemistry is a widely used exploration method, although little is known about the
metal accumulation process in such sediment. The present project aims to address the issue of where the vari-
ous metals are accumulated. The study of the organic and mineral particles from lakes sediments may be real-
ized with a physical or chemical technique. The chemical techniques bring the elements out of their chemical
structures. Those techniques are not as selective as they are suppose to be and can bring to the formation of
nonexistent complexes in the natural material. Physical techniques keep the chemicals bond untouched. This is
why those techniques are named non-destructive techniques. In the case of fixation site study of the metal trace
elements in lake sediments, it is important to keep the chemical bounds intact. Density separation and scanning
electron microscope (SEM) are physical techniques. Density separation allows separating organic and mineral
particles from lake sediments. Various densities are recommended in scientific literature to separate organic
and mineral particles from lake sediments, and tests were conducted to select the optimal one for the purpose of
conducting non-destructive analyses with a SEM to assess metal trace elements fixation sites.

For this study, a composite sample made from metal rich boreal lake sediment was used. The material was
mixed up with a dense liquid adjusted at four different densities. Three repetitions were made for each density
tested. The separation was applied twice on the light fraction to make sure that all the particles were gathered.
Both light and heavy fractions were rinsed to make sure no density liquid was left. Material from various den-
sity fractions has been scanned a SEM in order to obtain a mosaic of high resolution elemental X-ray images.
The images were imported in ImagelJ software and a 5 mm? surface was select randomly. Particle analysis has
been conducted and each particle types were color-coded, measured and cataloged. Variance analyses (ANO-
VA) were applied on the particles population, with the use of R software. It had been found out that a density
of 1,8 g cm™ was the best to separate organic and mineral particles. A fair amount of diatoms particles, made of
pure silica, is present in the composite samples. About 40% of all the particles were impossible to classify due
to their small size. Metal deportment among the various type of particle is currently being investigated.
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Keynote (30 min): Hematite textural and (U-Th)/He thermochronometry constraints on
seismic and aseismic fault damage zone processes

Ault, A.K., Utah State University, Logan, UT, USA, alexis.ault@usu.edu

Hematite-coated slip surfaces in fault damage zones archive the thermal and mechanical processes operative
within fault systems. Hematite is amenable to (U-Th)/He (hematite He) thermochronometry and hematite
mineralization occurs over a range of depths within the Earth, forming above or below its nominal hematite He
closure temperature (~25-250 °C), which is a function of the aliquot grain-size distribution. Accurate interpre-
tation of hematite He data requires hematite grain-size distribution information, textural characterization, and
constraints on the ambient thermal conditions during and after hematite formation from apatite (U-Th)/He (apa-
tite He) thermochronometry. These data from the Wasatch fault damage zone, Utah, and basement-hosted fault
damage zones in the Mecca Hills, California, provide insight into seismic and aseismic deformation processes,
respectively, accommodated on these hematite-coated slip surfaces.

A network of high gloss, light reflective hematite “fault mirrors” in the exhumed, seismogenic Wasatch fault
zone preserve textural and thermochronometric evidence for elevated temperatures during paleo-nanoearth-
quakes. Polygonal hematite crystal morphology, coupled with hematite He data patterns from these surfaces
and host rock apatite He data, are best explained by friction-generated heat at slip interface geometric asperities.
These observations inform thermomechanical models of flash heating at frictional contacts and resulting frac-
tional hematite He loss over generated fault surface thermal histories. Temperatures of ~>700-1200 °C, de-
pending on asperity size, are sufficient to induce 85-100% hematite He loss within 200 pm of the fault surface.
Preserved events occurred <4.5 Ma and restricted to ~2 km depth or the upper boundary of the seismogenic
zone in this setting. Prior slip caused progressive hematite comminution, reduction in the He diffusion domain
length scale, and a lower closure temperature, making the hematite He system susceptible to subsequent flash
heating resetting.

In the Mecca Hills, adjacent to the southernmost San Andreas Fault, faults cut Plio-Pleistocene sedimentary
rocks and underlying crystalline basement and accommodate active deformation and exhumation. Damage
zones comprise metallic, striated, undulatory hematite-coated minor fault surfaces. Reproducible mean hema-
tite He dates from these faults in the Painted Canyon Fault damage zone range from ~0.7-0.4 Ma and are young-
er than ~1.2 Ma apatite He dates from adjacent crystalline basement host rock. These data reveal synchronous
Late Pleistocene episodes of fault slip, fluid flow, and syn-kinematic hematite mineralization. Hematite fault
coatings comprising anastomosing, stacked, hematite platelets akin to a “scaly fabric” and hematite He data pat-
terns imply some damage zone deformation occurred via aseismic creep processes.
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Characterization of arsenic-hosting solid phases in tailings and tailings dust from Giant
Mine, Yellowknife, NT

Bailey, A.S., a.bailey@queensu.ca, and Jamieson, H.E., jamieson@queensu.ca, Queen's University, Kingston,
ON K7K 3N6

Mining and ore processing at Giant Mine, a gold mine in northern Canada, occurred for over 50 years (1948
—1999). Roasting the arsenopyrite-bearing gold ore generated As-bearing maghemite, As-bearing hematite, and
arsenic trioxide (As,O,). Arsenic trioxide is considered the most bioaccessible arsenic compound. After spring
thaw in May the temperature is too low to apply any chemical surfactant to the Giant Mine tailings, thus there is
a window of time when the tailings are exposed to surface conditions. This window coincides with north-north-
westerly high velocity wind events (> 8.0 m/s) in May and June. There has been growing concern regarding the
potential arsenic concentration and arsenic speciation of the dust from Giant Mine, particularly from the resi-
dents of N’Dilo — a community of Yellowknives Dene First Nations (YKDFN) located southeast of Giant Mine.
The objective of this research is to characterize the mineralogy of the fine fraction of the tailings (particles
<20um in diameter) to determine what arsenic-hosting solid phases are present, and to identify the arsenic-host-
ing species. Samples of surface tailings (0-10cm) were taken from locations within the tailings ponds where
dust generation has been observed in the past. These samples have been sieved to <63um to isolate the finest
fraction for analysis. From May to July of 2016, a total suspended particulate (TSP) high volume air sampler
was set up at the south end of the south-most tailings pond to continuously sample the airborne material being
transported from the mine property to local communities. For all of the surface tailings and dust samples, we
collected bulk chemical and mineralogical data via inductively coupled plasma-optical emission spectrometry
(ICP-OES) and -mass spectrometry (ICP-MS), scanning electron microscopy-mineral liberation analysis (SEM-
MLA), and synchrontron-based microanalytical work. Bulk chemical data show that As concentrations in the
<63um fraction of the tailings range from 3000 — 9300 ppm. Arsenopyrite and roaster-generated Fe-oxides
(maghemite) appear to be the predominant arsenic-hosting minerals. Arsenic trioxide has not been found in the
samples processed. Both arsenopyrite and Fe-oxides are commonly found in the <10um fraction of the surface
tailings and tailings dust. In the sieved tailings samples, these <10um arsenic-bearing particles are present as
aggregates. In the dust samples, however, the <10um particles exist both within aggregates and liberated from
the aggregates. Protecting these aggregates through development of an undisturbed crust at the surface of the
tailings would therefore significantly limit emission of fine-grained As-bearing minerals.
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An overview of the Boothia Peninsula of northern Nunavut obtained from airborne mag-
netic data modelling and interpretation

Ballinger, J.B., jb13cl@brocku.ca, and Ugalde, H., Brock University, St. Catharines, ON L2S 341

The Boothia Peninsula is a land mass found in the central region of Nunavut. The geology of the region con-
sists of mostly granite, biotite-hornblende gneiss and quartz feldspar gneiss. The region also is covered by some
till scattered over the peninsula and carbonates on the western coast. Historically very little in-depth study has
been done of the area with the first extensive survey being conducted in the early 1960’s, most of which was
summarized by Arthur S. Dyke in 1984 for the Geological Survey of Canada in a memoir called Quaternary Ge-
ology of Boothia Peninsula and Northern District of Keewatin, Central Canadian Arctic, and nothing since then
up until the previous few years.

Recently a magnetic survey was flown over the area by the Geological Survey of Canada (GSC). The survey,
flown by Sander Geophysics Limited with north-south lines spaced at 400m and 150 m above the ground, is
providing with a wealth of data to complement the existing geological knowledge of the area.

The data was gridded at 80 m (1/5 of the line spacing), and interpreted at 1:100,000 scale. This contribution
shows the litho-structural interpretation of the SE corner of the survey. The structural interpretation shows
several deformation events that resulted in 2 generation of folds and 3 main orientations of brittle faults. From
younger to older, the main structural trends are ENE, NE and NW.

The lithological interpretation of the data allows to accurately map the boundaries of the 3 main lithological
units that occupy the area: biotite-hornblende gneiss, quartz-feldspar gneiss and granites all of Archean age.
Gabbroic dykes of Proterozoic age are characterized by a strong magnetic response. Cross-cutting relationships

between dykes allow to separate at least 2 different swarms in the area, striking NW and NE.

Forward modelling of the magnetic data is giving a good indication of dip and dip-direction of the main folded
sequences and some of the main contacts in the area.

All this data will contribute to the upcoming field mapping in the area.
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Investigation of the long-term influence of the Bridge-River Diversion on Sockeye Salmon
nursery ecosystem production in Seton Lake, British Columbia, Canada: A comparative
paleolimnological study

Barouillet, C.!, cecilia.barouillet@queensu.ca, Laird, K.R.!, Selbie, D.T.2, Leavitt, P.R.3, Perrin, C.J.%, and Cum-
ming, B.F.!, 'Queen’s University, 116 Barrie St., Kingston, ON K7L 3N6, >Cultus Lake Salmon Research
Laboratory Fisheries and Ocean Canada, 4222 Columbia Valley Highway, Cultus Lake, BC V2R 5B6, *Uni-
versity of Regina, 3737 Wascana Parkway, Regina, SK S48 042, *Limnotek Research and Development Inc.,
600 - 2695 Granville St., Vancouver, BC V6H 3H4

Seton and Anderson lakes (British Columbia, Canada) are large and deep oligotrophic lakes that experience
similar geomorphological, physical and climatic conditions. Both lakes contain anadromous populations of
Sockeye Salmon (Oncorhynchus nerka) and resident Kokanee (O. nerka). In the last century, the physical

and chemical conditions of Seton Lake have changed largely due to the establishment of hydroelectric dams
and a water diversion (Bridge River Diversion, BRD) which introduced glacially-turbid water to this histori-
cally clear-water system, whereas disturbances to Anderson Lake have been minimal. All of the existing lim-
nological information on Seton Lake represents the post-diversion period, and consequently the influence of
hydroelectric-based activities on Seton Lake are difficult to assess. Similarly, the lack of long-term data on
both Seton and Anderson lakes make the detection of any recent changes in climate on the limnology of these
lakes difficult. This project uses a paleolimnological approach to assess the cumulative impact of hydroelec-
tric activities and climate change on the primary and secondary producers in Seton Lake; Anderson Lake being
used as a reference lake. We reconstructed changes in trophic status over the last centuries in both lakes using
cladoceran, diatoms, algal pigments, stable isotopes and a variety of lithological indicators. Investigating the
long-term changes in primary and secondary producers associated with the BRD is an important management
tool to assess the potential of these lakes to sustain populations of anadromous salmon. The sedimentological
analysis show that the input of glacial flour from the Bridge River diversion drastically changed the sediment
composition in Seton Lake while the sediment composition in Anderson Lake remain unchanged. Diatom and
cladoceran fluxes sharply decreased following the establishment of the diversion, and show evidence that Seton
Lake used to be more productive than Anderson Lake. All proxies of primary and secondary producers show
evidence that, prior to diversion, salmon derived nutrient was the main driver of change of the Seton-Anderson
lake system production. Additionally, the diatoms assemblages in all sediment cores from Seton Lake and An-
derson Lake are characterized by a distinct increase of Cylcotella comensis post- ca. 1980 that might be related
to recent change in climate.
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Granitoid plutons in Cape Breton Island, Nova Scotia, Canada: New age constraints and
implications for correlations with peri-Gondwanan terranes in Newfoundland and New
Brunswick

Barr, S.M., Department of Earth & Environmental Science, Acadia University, Wolfville, NS B4P 2R6, Sandra.
barr@acadiau.ca, van Rooyen, D., Department of Mathematics, Physics, & Geology, Cape Breton University,
Sydney, NS BIP 6L2, and White, C.E., NS Department of Natural Resources, Box 698, Halifax, NS B3J 2T9

Cape Breton Island occupies a key position in the northern Appalachian orogen, geologically bridging the gap
between Newfoundland and New Brunswick. The complex geology of the island, developed in large part due
to the compressed width of the orogen there compared to much wider areas of equivalent geology in New-
foundland and New Brunswick, has resulted in its being commonly under-utilized at best and ignored at worst
in orogenic interpretations. On the other hand, its complex history has led to the preservation and exposure

of rocks and relationships not seen elsewhere and essential to understanding the Appalachian story. Granitoid
plutons form more than half of the area of pre-Carboniferous rocks in Cape Breton Island and hence knowledge
of the timing and tectonic setting of their emplacement is crucial for understanding the geological history of the
island, guiding exploration for granite-related economic mineralization, and making along-orogen correlations.
The distribution of these plutons and their petrological characteristics are reasonably well known, and they have
been used in the past for recognizing both Laurentian and peri-Gondwanan components in Cape Breton Island,
and for subdividing the peri-Gondwanan components into Ganderian and Avalonian terranes. The relatively
few well constrained ages from previous studies showed that these plutons range in age from Mesoproterozoic
(ca. 1200 Ma) in Laurentian fragments to Devonian (ca. 370 Ma). However, ages of many plutons were only
assumed, based on field relations and petrological features compared to dated plutons. To test the validity of
these assumptions, we have undertaken a systematic re-evaluation of plutons in peri-Gondwanan terranes in
Cape Breton Island with a focus on zircon U-Pb geochronology. This study has already led to refinements in
our understanding of the distribution of pluton ages and geological correlations, all of which are also incorpo-
rated into a new series of updated geological maps for the island. For example, plutons previously interpreted
to be latest Ediacaran in the western part of the island are now known to range from even older to as young as
Late Devonian. Most significantly, they include numerous arc-related plutons with ages of ca. 490-475 Ma,
likely recording the Penobscottian event recognized in the Exploits subzone of central Newfoundland and in
New Brunswick, but not previously recognized in Cape Breton Island. Arc-related Silurian plutonic activity is
also more widespread than previously known, and Devonian plutons formed throughout the island but in diverse
geological settings.
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Keynote (40 min): Thresholds, critical transitions and state shifts in the Permian carbon-
ate system of NW Pangea

Beauchamp, B., bbeaucha@ucalgary.ca, and Calvo Gonzalez, D., University of Calgary, Calgary, AB T2N IN4

The Permian buildup of atmospheric CO, resulted in the near complete eradication of carbonate sediments
along the NW margin of Pangea. A critical transition occurred some ~299 Myr ago (earliest Permian) that saw
the termination of aragonitic ooid, invasion of Tethyan forams and proliferation of calcareous algae. This sug-
gests the warmest temperatures yet in the area. The loss of aragonite ooids, yet the proliferation of aragonitic
biota suggest higher pCO, and T may have favoured algal growth and invasion of warmer species, but prevent-
ed inorganic precipitation. The principal phase of the Late Paleozoic Ice Age came to an end in the Sakmarian
(293 Ma), coinciding with a rise in CO, and T. NW Pangea however shifted to a cooler oceanographic setting
as warm photozoan carbonates gave way to cool heterozoan carbonates. The closure of the Uralian seaway may
have prevented warm Tethyan waters from reaching western Pangea. However the onset of cool water sedimen-
tation occurred while inner shelves remained under warm conditions, suggesting shoaling of the thermocline
also played a role in the cooling. This shift is accompanied by a marked influx of reduced iron, suggesting am-
plification of upwelling. By Middle Permian (262 Ma) the thermocline had resumed its march into shallower
environments, as most of the shallow shelves were again blanketed by spiculitic biofacies. Phosphatic brachio-
pods now appeared in large numbers. An extinction occurred among several fossil groups that had flourished
in warm latitude areas (e.g. fusulinids). Massive volcanic eruptions in China are seen as a cause for this event.
The extinction preferentially affected organisms that would lose their calcifying ability in a higher CO, environ-
ment. By latest Permian, the deep oceans had started to stratify and become anoxic, thermohaline circulation
had become sluggish, a large swath of NW Pangea had fallen below carbonate saturation, only resilient biosili-
ceous facies were accumulating, and pCO, was up to 10x modern values. Marine life had not recovered from
the earlier devastation. It is against this backdrop that the largest volcanic eruptions in Earth history occurred
— the Siberian Traps. This was a genuine sledgehammer that tipped the world into alternate state. The world
that followed had more affinity with the microbe-dominated Proterozoic. Life did recover, but one had to wait
until the Middle Triassic for a healthy metazoan biosphere to take hold, following a 5 ma-long global gap in
reef, coal and chert accumulation.
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After the flood: Analysis of organic rich sediments exposed by the 2013 floods along rivers
in southwest Alberta

Beaudoin, A.B., alwynne.beaudoin@gov.ab.ca, and Bolton, M.S., Royal Alberta Museum, 12845-102" Avenue,
Edmonton, AB T5N OM6

High magnitude floods in June 2013 in southwest Alberta caused considerable riverbank erosion and damage to
infrastructure. Post-flood survey work was undertaken by consultants under the auspices of the Archaeologi-
cal Survey primarily to assess the impact on archaeological, Quaternary palacontological, and palaeoecological
resources along several of the main affected rivers. Besides documenting the impact on known heritage sites, a
further objective was to obtain information to help develop predictive modelling for heritage resources. During
these surveys, organic rich layers were documented and sampled. These layers occurred in fluvial sediments,
especially in slack-water or cut-oft deposits, or flood debris layers. Most of the organic rich layers were highly
localized and restricted in extent. The window of opportunity to collect samples from these fresh exposures was
quite limited, because steep exposures are vulnerable to slumping, erosion, and revegetation. During the last
eighteen months, we have analyzed samples from these organic rich layers, processing them for their macro-
fossil content, mainly seeds and mollusc remains. We have examined 57 samples, although most attention has
been focused on 24 samples along the Highwood River. Chronologic control is provided by relative stratigra-
phy, in particular position in relation to the regionally significant Mazama tephra layer, and some radiocarbon
dates. Samples mostly date to the mid or late Holocene, although there are a few from the early Holocene.
Samples can be divided into two categories: organic rich vegetation mats and shell beds. Taxa indicative of
riparian, wet meadow, and aquatic habitats are common across assemblages. Taphonomic factors related to dis-
persal and transport are important because many samples are primarily detrital. However, most taxa are consis-
tent with the present regional biota, suggesting that similar vegetation communities and habitats have occurred
in these watersheds through most of the Holocene. The biotic data are being used in ongoing work to generate
some climate models for the area. The project is generating some new insights into fluvial history along these
rivers. This information will also be useful for future cultural resource management (CRM) initiatives because
it helps to contextualize the regional archaeological record.
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Chalcopyrite as an indicator mineral to fingerprint mineral deposit types: A preliminary
study

Bédard, E. explomin@ggl.ulaval.ca, Goulet, A., Sappin, A-A., Beaudoin, G., and Makvandi, S., Université
Laval, Québec, QC GIR 046

Chalcopyrite has the potential to be a useful indicator mineral for exploration. It is a common mineral in vari-
ous types of mineralization and is resistant to mechanical and chemical weathering. Nonetheless, it is poorly
studied compared to magnetite and other indicator minerals, as it contains low abundance of most trace ele-
ments. In this study, we report chalcopyrite trace element composition analyzed by EPMA and LA-ICP-MS
from 16 deposits from a range of deposit types, including Ni-Cu, PGE, VMS, porphyry, skarn, [OCG, Opemiska
Cu vein, Kupferschiefer, and orogenic gold, in order to outline the geochemical signatures characteristic of each
mineral deposit type.

Samples from the 16 deposits include a variable amount of chalcopyrite grains (~4-90%). These grains vary in
size (fine-grained to coarse-grained), are xenomorphic, and typically contain inclusions of oxides, sulphides,
and/or silicates. EPMA data are mostly below or close to the detection limit. Among the 16 minor and trace el-
ements analyzed, Se, Zn, Ba, Ag, Ni, and Sn display concentrations significantly higher than the detection limits
(Ni-Cu: Ni, Se; PGE: Se, Zn; VMS: Ag, Se, Sn, Zn; porphyry: Se, Zn; skarn: Se; IOCG: Ba, Zn; Opemiska: Ni,
Zn; orogenic gold: Ba). In contrast, the LA-ICP-MS data of 18 (Ag, As, Au, Bi, Cu, In, Mn, Ni, Pb, Pd, Ru, S,
Sb, Se, Sn, Te, V, and Zn) out of 25 elements measured (including major elements, Cu, and S) contain less than
40% censored values, below the detection limits. Overall, chalcopyrite from VMS and porphyry deposits has
high Ag concentrations (~100 ppm), while orogenic gold chalcopyrite is typically depleted in Ag (as well as in
Se). High Zn contents (~100 ppm) are observed in VMS, Ni-Cu, and PGE deposits, whereas Zn values in skarn
and Kupferschiefer deposits are low (<10 ppm). Palladium and Ni contents in Ni-Cu and PGE deposits are gen-
erally higher than Pd-Ni contents in the other deposit types. In particular, Pd concentrations in skarn deposits
are very low. Furthermore, chalcopyrite from VMS, skarn, and Opemiska vein deposits contains high In con-
tents (>10 ppm). These preliminary results indicate that Ag, Ni, Pd, Se, and Zn compositions of chalcopyrite
are discriminant for different types of mineralization and suggest that chalcopyrite could be a reliable indicator
mineral in exploration for various deposit types.
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Sedimentary anisotropy and its impact on solute mixing in groundwater

Bennett, J.B., jeremy.bennett@uni-tuebingen.de, Haslauer, C.P., Cirpka, O.A., University of Tiibingen, Holder-
linstr. 12, 72074 Tiibingen, Germany, and Ross, M., University of Waterloo, 200 University Ave. W, Waterloo,
ON N2L 3G1

Complex configurations of sediments are typically observed in type-sections of Quaternary deposits. However,
such complexity of bedding and structure is often neglected in hydrostratigraphic units implemented in hydro-
geologic modelling. Anisotropy in porous media has been proven to induce complex groundwater flow patterns
in numerical and analytical models. Yet these modelling efforts have been primarily conducted in porous media
that do not correspond to sedimentary structures reported by sedimentologists.

In this study, we model groundwater flow and solute transport in realistic porous media that resemble scour-
pool fills — trough-like architectural elements often observed in glaciofluvial sedimentary deposits. We generat-
ed multiple realisations of the trough fields. Sedimentary anisotropy was introduced through the rotation of the
full hydraulic-conductivity tensor using parameters drawn from previous field investigations in the upper Rhine
valley, Germany. We compared the effects of varying isotropic hydraulic conductivity and internal anisotropy
using five model test cases.

The model results demonstrate that realistic sedimentary anisotropy does indeed produce complex groundwater
flow fields, with twisting and intertwining of advective streamlines. Variability of isotropic hydraulic-conduc-
tivity values controls longitudinal spreading and mixing. Conversely, steady state advective-dispersive con-
centration distributions clearly show the effect of sedimentary anisotropy, with greater transverse spreading and
mixing occurring in test cases where the full hydraulic-conductivity tensor was rotated.

The present work provides insight into the relevance of sedimentary anisotropy in groundwater flow and solute
transport modelling. Until now, we have only modelled one architectural element — actual sedimentary depos-
its are composed of diverse assemblages of such elements. The next step is to extend our modelling efforts to
include such assemblages. A hierarchical facies model framework will be implemented, whereby larger hydro-
stratigraphic units are composed of smaller sub-units. All components of the model framework will be simu-
lated based on field observations and geological conceptual models.
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Influence of vertical density structure on the stratal architecture of deep-marine levee de-
posits Neoproterozoic Isaac Formation, Windermere Supergroup, B.C., Canada

Bergen, A. and Amott, B., University of Ottawa, 120 University Private, Ottawa, ON KIN 6N5, aberg023@
uottawa.ca

Channel-levee complexes are a principal component of deep-marine systems. Previous work, particularly in
the ancient sedimentary record, has tended to focus on the channels rather than the levees, mostly because these
strata are typically poorly exposed and their less than decimetre characteristics are below the resolution of even
high resolution industry seismic. At the Castle Creek study area, however, glacially-polished, vegetation-free
levee deposits are 100% exposed over an area of ~2.6 km wide and ~90 m thick, locally covered by moraine
and glacier. This, then, provides an unparalleled opportunity to describe details of the lateral and vertical litho-
logical changes in channel-associated levee deposits and therein provide important details about their reservoir
geometry and stratal continuity.

Levee deposits are generally assumed to thin and fine upward due to overspill of the progressively finer-grained
upper part of channellized flows as levee relief increases. In this study, however, levee deposits are divided ver-
tically into four packages that range from 6 to 21 m thick and are easily subdivided into lower and upper parts,
the transition between being sharp and marked by a dramatic decrease in bed thickness, grain size and sandstone
content.

The vertical packages are interpreted to be related to recurring changes in the vertical density structure of chan-
nellized flows, which in turn was controlled by grain size and grain sorting. Initially, channellized flows were
coarse grained and well sorted, causing them to have a plug-like density structure with negligible vertical strati-
fication and high flow efficiency. In addition, the velocity maximum generally occurred above the height of
the incipient channel margins, thereby allowing the lower, coarse-grained, dense parts of flows to overspill and
deposit thick-bedded, coarse-grained turbidites in the lower part of each package. The sharp contact with the
upper part of each package marks the point when relief from channel-floor to levee-crest exceeded the height of
the velocity maximum, allowing only the upper, finer-grained parts of currents to overspill. Later the make up
of the sediment supply changed, specifically an increase in the sand fraction, which created an exponential den-
sity structure in the throughgoing currents. This promoted interfacial mixing and rapid energy loss, and accord-
ingly deposition within the channel. These depositional conditions were then repeated with the formation of the
next levee package, signalling the possible recurring influence of relative sea level change on the make-up of
the sediment supply, and in turn, characteristics of continental slope sedimentation.
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Crustal dynamics and tectonic assembly of the west-southwest Rae craton — What are key
relationships in the Athabasca region telling us?

Bethune, K.M., Department of Geology, University of Regina, 3737 Wascana Parkway, Regina, SK S4S
042, kathryn.bethune@uregina.ca

The Rae craton contains rocks and structures of a remarkably wide age-range, from Paleo/Mesoarchean to
Mesoproterozoic. The tectonic history of this complex craton is by no means fully resolved, but evidence is
accumulating that Rae was independent of Hearne before it was incorporated in Laurentia-Nuna. A diagnostic
feature of the Rae, setting it apart from both Hearne and Slave, is substantial late Neoarchean to early Paleo-
proterozoic reworking. Indeed, following a widespread 2.62-2.58 Ga granite bloom, whose tectonic signifi-
cance remains poorly understood, the margins of Rae were subjected to seemingly continuous tectonism, with
2.55-2.5 Ga MacQuoid orogenesis in the east superseded by 2.5 to 2.3 Ga Arrowsmith orogenesis in the west.
Because it holds key evidence of Rae’s unique older history (Arrowsmith orogenesis), as well as its subsequent
involvement in Nuna (Thelon-Taltson orogenesis), the western Rae is of key importance. The Thelon orogen of
the western Rae was once ascribed to collision of Slave craton and/or Buffalo Head terrane with Rae. However,
robust Arrowsmith effects have now been recognized well into the Rae interior, raising the idea Rae’s western
side may represent a long-lived accretionary margin. If this was the case, fundamental questions remain; for ex-
ample, when did the process of accretion begin, at 2.5 Ga or 2.3 Ga or perhaps even earlier (2.6 Ga?), and what
colliding blocks were involved? Furthermore, when did accretion end and what were the dynamics involved in
the transition to Thelon-Taltson orogenesis? Additionally, what role did various distinctive supracrustal succes-
sions deposited in this transitional period play? The Athabasca region holds important clues to these questions.
In this region, an internal block composed of dominantly Neoarchean (2.6 Ga) crust (Nolan domain) is bounded,
across a high-strain zone to the south, by Mesoarchean (3.2-3.0 Ga) crust intermixed with early Paleoprotero-
zoic (2.5-2.3 Ga) crust (Zemlak-Beaverlodge domains), including a distinctive suite of syn/post-collisional
granites. Current data suggests that this hybrid crust, likely an extension of the Taltson basement complex to
the west, may have been generated by 2.5-2.3 Ga accretion of a Paleo/Mesoarchean terrane. During subsequent
Taltson orogenesis, 1.99-1.93 Ga I- and S-type granitoid plutons were emplaced, and this boundary zone, poten-
tially marking an Arrowsmith-related suture, was intensively reworked. This talk will explore the significance
of this boundary within the broader context of regional constraints and existing tectonic models for the dynam-
ics along the west-southwest Rae margin from late Neoarchean to Paleoproterozoic time.
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Expression of the McArthur River U deposit footprint in diverse surficial sampling media

Beyer, S.R., s.beyer@queensu.ca, Kyser, K., Queens University, Kingston, ON K7L 3N6, Kotzer, T.G., Cameco
Corporation, 2121 11" St W., Saskatoon, SK S7M 1J3, Ansdell, K., Wasyliuk, K., University of Saskatchewan,
Saskatoon, SK S7N 5E2, and Quirt, D.H., AREVA Resources Canada, 817 45" Street West, Saskatoon, SK S7K
3X5

A conspicuous geochemical footprint is present at the surface above the McArthur River high-grade uranium
deposit in the Athabasca Basin of northern Saskatchewan, Canada based on results from a multi-media orien-
tation survey. Pine tree cores, multi-horizon soils, and boulders of local bedrock (Manitou Falls D Member
sandstone) contained within glacial cover were collected on four 400x400-meter grids with 50 m station and
line spacings. Three grids were placed along the NE-SW-trending P2 fault over weak to high-grade U mineral-
ization that lies over 500 m below the surface along the fault, and one grid was placed 2 km away from the P2
fault trace in the non-U-mineralized hanging wall of the structure.

Clay alteration minerals in angular sandstone boulders determined by shortwave infrared (SWIR) spectrometry
resemble those in sandstone in the subsurface, indicating the boulders are locally derived. Additionally, the
boulders collected over the high-grade ore body contain the highest proportion of mobile radiogenic Pb (**’Pb/
2P ratios as low as 0.29) and U (as high as 140 ppb) based on the results of 2% nitric acid leach, suggesting
that both primary and secondary dispersion products are present throughout the thickness of the Manitou Falls
Formation.

Pine tree cores also record secondary dispersion of radiogenic Pb and U over the high-grade ore body,

with 27Pb/?%Pb ratios as low as 0.57 in tree cores older than 1985. By comparison, 2’Pb/?*Pb ratios average
0.83 in trees collected away from the P2 fault. Na pyrophosphate leach of the organic-rich A1 soil horizon
samples are similar to those of the tree cores, with 27Pb/?*Pb ratios as low as 0.36 over the high-grade ore body,
and around 0.85 away from the P2 fault. The results of both weak acid leach and aqua regia digest on B- and C-
horizon soil separates reflect control by detrital minerals in the till, which mask geochemical contributions from
secondary dispersion from the deposit.

The results of this study demonstrate the utility of compact, tightly-spaced surficial sampling grids as an eftec-

tive and relatively low-cost exploration tool for deposits at depths in excess of 500 meters and attest to the pos-
sible role that the biosphere-geosphere interface can play in exploration geochemistry.
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Keynote (40 min): Deep rivers in deep time

Bhattacharya, J.P., School of Geography and Earth Sciences, McMaster University, 1280 Main St., West, Hamil-
ton, ON L8S 4L8, bhattaj@mcmaster.ca

Estimates of water and sediment paleodischarge, paleo-drainage area, and sediment budgets are calculated for

a number of Mesozoic systems, from western North America. Extensive outcrop and subsurface data allow the
largest trunk rivers to be identified, typically within incised valleys. Thickness, grain size, and sedimentary
structures can be used to infer slope and flow velocities, and using width estimations, water and sediment paleo-
discharge can be calculated. River paleoslope can also be independently measured from stratigraphic-geometric
considerations. Paleodischarge in turn is used to estimate the size of the catchment source area. Paleodischarge
of rivers can also be estimated independently by integrating estimates of catchment source area, for example by
using detrital zircons integrated with paleoclimate and regional paleogeographic/paleotectonic reconstructions.

The catchment areas of North America evolved significantly during the late Mesozoic. During the Jurassic-
Early Cretaceous, fluvial systems consisting of continental-scale low-slope (S=0.0001), axially-drained rivers,
formed the 40m-deep channels in the Mannville Group in Canada, which now host the supergiant heavy-oil-
sands reserves. During times of maximum transgression of the Cretaceous Seaway, such as the Turonian and
Campanian the western North American foreland basin was characterized by smaller-scale (typically 10m deep),
steeper gradient (S=0.001) sand and gravel bed load rivers, dominated by transverse drainages in the rising
Cordillera. This created a number of smaller river-delta systems along the coast, such as the Dunvegan, Ferron,
Frontier, Lance and Cardium formations. As the Laramide Orogeny progressed, the Western Interior Seaway
receded, and by the Paleocene the modern continental-scale drainage of North America was largely established
with a major continental divide separating south-flowing Mississippi drainages that fed into the Gulf of Mexico,
from north-flowing systems that drained into the Artic Ocean or Hudson’s Bay, Canada.

This approach shows that the tectono-paleogeograhic evolution of the foreland basin fill alternates from axial to
tranversely drained rivers, that ranged from continental-scale rivers to smaller scale systems. The S2S analysis
predicts the size and scale of fluvial systems and associated downstream depositional systems, which host much
of the hydrocarbon in these prolific basins.
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Significant Fe isotope fractionation within the Kiglapait intrusion provides insight into the
formation of layered intrusions

Bilenker, L.D., lbilenke@eoas.ubc.ca, Fourny, A., Weis, D., and Scoates, J.S., University of British Columbia,
2020-2207 Main Mall, Vancouver, BC V6T 1Z4 Morse, S.A.., University of Massachusetts, 233 Morrill Sci-
ence Center, Amherst, MA 01003-9297

Large igneous provinces (LIPs) are linked spatially and temporally with many of the world’s most important
mafic layered intrusions (e.g., Bushveld, Muskox, Skaergaard), some of which represent the high-level reser-
voirs for crystal fractionation and accumulation of magmas feeding flood basalts. Layered intrusions have long
been recognized as natural laboratories of igneous and ore-forming processes for which non-traditional stable
isotopes (e.g., Mg, Fe, Si) are an emerging geochemical tool. Despite recent successes in using Fe isotopes to
investigate igneous processes, detailed Fe isotope studies exist for only three layered intrusions thus far: the
Bushveld Complex, South Africa; the Baima Intrusion, China; the Ilimaussaq Alkaline Complex, Greenland.
Iron isotopic measurements of whole rock (WR) samples and mineral separates from these intrusions provided
insight into processes such as fractional crystallization, magma addition, and sub-solidus re-equilibration. Iron
isotopes can also provide information about fluid exsolution, redox changes, temperature, and alteration pro-
cesses. The ca. 1.3 Ga Kiglapait intrusion, part of the 20,000 km? Nain Plutonic Suite of coastal Labrador (Can-
ada), records the complete fractionation crystallization sequence of 3500 km? of troctolitic magma. It is divided
into the troctolitic Lower Zone (0-84 percent solidified [PCS]), the olivine gabbroic to ferrosyenitic Upper
Zone (84-100 PCS), including the 80 cm-thick Main Ore Band, and the downward crystallized Upper Border
Zone. We report the first Fe isotope measurements of Kiglapait WR samples, which show significant varia-
tion in 6°°Fe (*Fe/**Fe relative to IRMM-14) from -0.01 £0.06%o to +0.18 +£0.03%o (n=13, 2caverage=0.04%o).
The 6°Fe,, values are variable within the lowermost Lower Zone, increase from 68 to 89.3 PCS into the Up-
per Zone, and then decrease systematically across the Main Ore Band (93.5 PCS) to 97 PCS. The decrease in
0*°Fe,, at the upper PCS is associated with the appearance of pyrrhotite and magnetite as cumulus phases (91
and 88.6 PCS, respectively), whereas the increase in 5°Fe,, values between 68 and 89.3 PCS likely reflects that
the system was approaching magnetite saturation. These observations, coupled with the variability of the Lower
Zone and a strong correlation with the radiogenic isotopic signatures of the same samples, implicates mineral-
ogy as the primary control on the Fe isotope systematics of the Kiglapait intrusion. Using non-traditional stable
isotopes like Fe will become a key approach in elucidating the mechanisms at play during the assembly and
evolution of layered intrusions, the concentration of ores within them, and the magma plumbing systems of
LIPs.
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Fine-grained deep-marine sandstones: The turbidites that never were

Billington, T.R., tbill090@uottawa.ca, and Arnott, R.-W.C., warnott@uottawa.ca, University of Ottawa, FSS
Hall-120 University (Room 15025), Ottawa, ON KIN 6N5

Along the base of passive continental margins, like east coast Canada, extensive deep-water clastic turbidite
systems are present. These deposits are commonly classified using the Bouma turbidite model; a five-layer,
upward-fining succession of predictable sedimentary structures and textures commonly observed in strata
deposited by turbidity currents. The basal layer consists of massive or normally graded sandstone (Ta) overlain
successively by planar-laminated sandstone (Tb) with a ripple cross-laminated sandstone (Tc), subtly paral-
lel-laminated siltstone (Td) and lastly massive mudstone (Te). In the Neoproterozoic Windermere Supergroup,
however, in addition to classical turbidites, strata often exhibit a succession of seven layers that often grade
vertically into one another. Only rarely does a single bed include all layers. The basal layer (1) is a massive or
planar/wavy stratified, granule- to lower very fine-grained sandstone that ranges from 1.5 — 187 cm (average
12.5 cm) thick. It, then, is overlain gradationally by a wavy- or planar-stratified, lower medium- to lower very
fine-grained sandstone draped with silt- and mudstone (2) that range from 0.3 — 32 cm (average 5.6 cm) thick
with rare layers of graded silty sand (3) and sandy silt (4) that, respectively, range from 0.3 — 6.5 cm (average
2.1 cm) and 0.5 — 5 cm (average 1.6 cm) thick. This is then capped by a 0.1 — 10 cm (average 1.7 cm) thick pla-
nar-laminated siltstone (5) overlain by a planar-laminated silty mudstone (6) that ranges from 0.3 — 6 cm thick
(average 1.6 cm) capped by a planar-laminated or massive mudstone (7) that ranges from 0.5 — 22 cm (average
3.6 cm) thick.

Stratigraphically upward, thick, graded Ta sandstones (1) consistently fine and thin over 2-5 m and the propor-
tion of mudstone (7) increases. Similarly, individual layers of Unit 1, in addition to the stack of beds composed
of units 1 to 7, fine an thin upwards. Also, compared to classical turbidites, strata are ubiquitously planar strati-
fied, which becomes better developed in the finer-grained layers (5-7), and rather than being high-angle, cross-
stratified is distinctively low-angle and wavy even though the grain size can easily support the development of
current ripples. Thus, it is clear that although composed of similar grain sizes, these gradational, multi-layered
beds are very much different than classical turbidites, and accordingly suggest very different depositional condi-
tions, and therein the aim of this research.
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Characterization of landslides used in landslide susceptibility models in western Canada

Blais-Stevens, A. and Behnia, P., Geological Survey of Canada, 601 Booth Street, Ottawa ON KI1A OES, an-
dree.blais-stevens(@canada.ca

As a first step in assessing landslide hazard, compilation of the landslide inventory is essential. The second

step is creating a landslide susceptibility model, which will highlight areas prone to landslide occurrence. The
landslide inventory and susceptibility maps will then serve as baseline information to help stakeholders, deci-
sion-makers, and practitioners assess the hazard and risk. As part of Natural Resources Canada, the Geological
Survey of Canada’s Public Safety Geoscience Program has carried out four campaigns of landslide inventory
and susceptibility mapping in western Canada, which are at different stages of completion. These campaigns
were carried out for the Sea to Sky Highway, BC (110 km) and along the Alaska Highway, Yukon (900 km) and
are ongoing along Douglas Channel (100 km) and east of Kitimat, BC (100 km) with collaboration from provin-
cial, territorial, academic partners, and consultants.

The simplest landslide susceptibility modelling approach for a large area is the qualitative heuristic method.
This approach was first tested along the Sea to Sky corridor for debris flows and rockfalls/rock slides. The his-
toric record of debris flows and rockfalls/rock slides proved to be essential in validation of susceptibility mod-
els because debris flows recur in the same steep channels and rockfalls get cleaned up quickly. For the Yukon
Alaska Highway corridor, qualitative heuristic assessments were tested for debris flows, rock slides and active
layer detachment slides (ALD). Validation of the ALD susceptibility model proved to be difficult as ALD are
small, localized, and have a short lifespan (~30 years). In an area close to Kluane Lake, a quantitative debris
flows susceptibility model was tested using Flow-R software. This proved to be successful as the debris flow
inventory was well documented and data derived from a high resolution DEM were available.

Two areas presently being assessed are Douglas Channel fjord southwest of Kitimat and the Kitimat-Morice
River corridor. For Douglas Channel, the landslide inventory reveals that folic debris slides are the most abun-
dant types of landslides. Folic debris slide susceptibility modelling, however, is proving somewhat difficult as
these are small and triggered during rainy periods as a thin layer of organic debris on steep glacially polished
bedrock. The model still needs adjustments. Nevertheless, the Flow-R method was investigated for debris flow
susceptibility where LIDAR data were available.

Thus, each region possesses unique landslide events affecting the landscape. Understanding the characteristics
of landslides help determine the types of data layers needed in the susceptibility models.
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Guidelines for identifying and modelling LIP-related layered intrusions in plume centre
regions using geophysical data

Blanchard, J.A.\, jennifer.blanchard3@carleton.ca, Ernst, R.E."%, and Samson, C.!, 'Dept. of Earth Sciences,
Carleton University, Ottawa, ON; *Faculty of Geology and Geography, Tomsk State University, Tomsk, Russia

Gravity and magnetic data from the global EGM2008 and EMAG?2 datasets can be used to identify and char-
acterize layered intrusions linked to large igneous provinces (LIPs). Our approach has been to focus on large
anomalies that can be spatially associated (and are likely genetically linked) with the LIP plume centre region.
We propose guidelines for identifying previously-unrecognized layered intrusions, specifically by targeting
large (diameter > 40 km, and often greater than 100 kilometres in diameter), subcircular, and high-amplitude
anomalies located within a 500 km radius from a mantle plume.

Our guidelines have been applied to do detailed modelling to estimate depth, size, and physical properties of in-
trusions associated with four LIPs: the 1.27 Ga Mackenzie LIP (North America), 1.38 Ga Lake Victoria portion
of the Kunene?Kibaran LIP (East Africa), 66 Ma Deccan LIP (India), and 130?80 Ma High Artic LIP (Arctic
Canada). Modelling supports that the anomalies are produced by mid-lower crustal intrusions with densities
consistent with mafic-ultramafic rock and magnetic susceptibilities that suggest high magnetic mineral contents
or serpentinized ultramafic rock, except in the Deccan LIP where the intrusions tend to be positioned at shal-
low levels in the crust and are mainly mafic in composition. We find that layered intrusions linked to LIPs can
occur in recognizable spatial distribution patterns within the plume centre region, and are exemplified by these
four case studies. These are (1) intrusions emplaced along a circular fault system (hundreds of kilometres in
diameter) that circumscribes the plume centre, and likely formed as a result of plume-induced uplift and subse-
quent subsidence. (2) Linearly aligned intrusions emplaced along rifts that, in some cases, converge towards the
plume centre. (3) Unclassified groups of intrusions, whose geometric distribution is unclear.

Understanding how layered intrusions are distributed in the vicinity of mantle plumes is critical for understand-
ing the geometry of LIP plumbing systems, and is important for mineral exploration in plume centre regions
where shallow intrusions are often sourced from these deeper intrusions. Exposed intrusions can be linked with
a LIP on the basis of geochemistry and/or geochronology. These methods, however, are not applicable when in-
vestigating buried intrusions that have not been accessed via drillcore. Using gravity and magnetic data affords
an opportunity for preliminary studies of these inaccessible targets.
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New precise U-Pb geochronological data and stratigraphic interpretation for the Raglan
belt, Northern Quebec

Bleeker, W., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES8, wouter.bleeker(@canada.
ca, and Kamo, S.L., Jack Satterly Geochronology Laboratory, Department of Earth Sciences, University of
Toronto, 22 Russell St., Toronto, ON M5S 3B1, skamo@es.utoronto.ca

At Raglan, a generally north-dipping sequence of volcanic and sedimentary rocks, overlying basement of the
northern Superior craton, has long been viewed as a thrust belt imbricated by multiple major thrusting events.
For the para-autochthonous belt this model was based on an over-simplified stratigraphic template with signifi-
cant sedimentary units restricted to the base of the Povungnituk Group. Reappearance of sedimentary panels at
higher (tectono)stratigraphic levels then indeed requires major thrusts at the base of these panels. Instead, many
of these sedimentary panels are unique stratigraphic units intercalated within and overlying the Povungnituk
Group, and also within the Chukotat Group. No major thrusts are required, nor is there obvious field evidence
for such thrust. In short, more stratigraphy, less thrusts.

Specifically this applies to thin units of quartz-rich sedimentary rocks within the continental Povungnituk
basalts. More importantly, the mostly deep water, turbiditic, greywackes and mudstones of the Nuvilik Forma-
tion represent a distinct formation at the stratigraphic top of the Povungnituk Group, not a repeat of the basal
sedimentary section. These sediments post-dated the main pulse of basaltic volcanism, perhaps representing the
thermal subsidence phase following Povungnituk magmatism. Sulphide-bearing mudstones of this formation
acted as the sulphide source for Raglan orebodies at the base of the Chukotat Group, and evidence for thermal
erosion channels links Chukotat lavas to their footwall. The Nuvilik Formation is neither bounded by a major
thrust at its base, nor at its top. Higher in the (tectono)stratigraphy, distinct lenses of clastic sedimentary rocks
may represent syn-orogenic clastic rocks, not older basal sediments, infolded into the Chukotat Group.

We have precisely dated several gabbro sills within the stratigraphy. Differentiated sills intruding into the Nu-
vilik Formation were thought to be perhaps as old as ca. 1918 Ma. Careful evaluation of the variably discordant
data suggest these gabbro sills may be ca. 1883 Ma. A new U-Pb zircon age on the main “footwall gabbro”

sill at Katinniq, applying chemical abrasion, shows this sill to be also ca. 1883 Ma, as is a gabbro sill intruding
above some of the main sulphide ore lenses within Chukotat lavas. These results tightly bracket the onset of
komatiitic volcanism and ore formation.

Finally, we interpret the broad, basement-cored Kovik Antiform to the north as an extensional core complex,

rather than a high-amplitude contractional antiform related to on-going shortening. Deformed leucogranite
sheets on the contact of this antiform may date formation of this core complex.
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Preliminary mineralogical characterization of black shale-hosted Ni-Zn sulphide mineral-
ization at the AKkie Property, northern British Columbia

Bocking, N.!, nigel. bocking@queensu.ca, Gadd, M.%, Peter, J.2, Layton-Matthews, D.!, and Johnson, N.3, 'Dept.
of Geological Sciences and Geological Engineering, Queen'’s University, 36 Union Street, Kingston, ON K7L
3N6; *Geological Survey of Canada, 601 Booth Street, Ottawa, ON, K14 OES; *Canada Zinc Metals Corp.,
#2050, 1055 West Georgia Street, Vancouver, BC V6E 3P3

Canada Zinc Metals Corp. intersected black shale-hosted Ni-Zn sulphide mineralization in nine drill holes on
the Akie property in the Kechika Trough, north-central British Columbia. These intersections are stratigraphi-
cally beneath the Cardiac Creek sedimentary exhalative Zn-Pb-Ag deposit, up to 1.17m thick (core length), and
have been traced over 5.5 km of strike length. The mineralization appears to be stratigraphically controlled
and occurs in the informally named Lower Devonian Paul River formation proximal to the contact of the Road
River Group and the Earn Group. The Paul River formation is a carbonate debris flow interfingered with chert
and black shale, and is interpreted to be the uppermost part of the Road River Group in the Akie area. The min-
eralized layer grades 0.39 —2.69 wt.% Zn, 0.6 — 0.89 wt.% Ni and up to 4.36 g/t Ag.

This is the first documented occurrence of shale-hosted Ni-Zn mineralization in the Kechika Trough, but there
are occurrences of similar metalliferous black shale-hosted massive sulphide in the Selwyn Basin, Yukon that
are commonly referred to as “Nick-type” Ni-Zn-Mo-PGE mineralization. In the Yukon, this mineralization
occurs in a stratigraphically controlled horizon, at the contact between the Road River Group and Canol Forma-
tion. The mineralized horizon characteristically occurs immediately above a carbonate concretion-rich shale
and immediately below a thin-bedded, black, phosphatic/carbonaceous chert shale.

Optical microscopy and Mineral Liberation Analysis conducted on selected Akie drill core samples have identi-
fied the main Ni- and Zn-bearing phases in the sulphide horizon as millerite and sphalerite, respectively. Gers-
dorffite and pentlandite are minor Ni-bearing phases. These minerals typically occur in layers and stringers

of fine-grained, semi-massive sulphides, together with pyrite within a discrete stratigraphic interval associated
with apatite nodules and calcite gangue. Sulphide-rich layers are mineralogically zoned. The upper and lower
margins of the layers are dominated by pyrite and sphalerite, whereas the interior of the layers comprises pre-
dominantly millerite and sphalerite. Framboidal pyrite (10 micron-diameter) occurs with the sulphide mineral-
ization, and is overprinted by sphalerite, millerite and non-framboidal pyrite.

These minerals and mineral textures have also been documented in several of the Yukon occurrences, and
together with the similar stratigraphic position of the Ni-Zn-Ag mineralization at Akie to Nick-type mineraliza-
tion in the Yukon, some 1000 km to the north, suggests a common genesis. To confirm or refute this hypothesis,
detailed stratigraphic analysis, and further geochemical and mineralogical sampling and analysis will be con-
ducted.
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Metamorphism across the Coast Mountains batholith near Mt. Waddington BC, Canada

Bollen, E.M. and Stowell, H.H., University of Alabama, PO Box 870338, Tuscaloosa, AL 35487, USA, embol-
len@crimson.ua.edu

The Coast Mountains batholith contains a record of magmatism and metamorphism for the 1700 km long Cre-
taceous magmatic arc on the NW coast of North America. This makes it an ideal location to study the interplay
between metamorphism and magmatism. We present preliminary garnet Sm-Nd ages, isochemical phase dia-
gram sections, and thermobarometry for rocks near Mt. Waddington.

Metamorphic P-T paths and Sm-Nd garnet ages for pelitic rocks indicate similar P-T but variable timing across-
strike 60 km NE-SW (3 samples) and 70 km along-strike NW-SE (4 samples) transects. For the across-strike
NE-SW transect: (1) Approximately 20 km NE of Mt Waddington peak metamorphism occurred at 64.5+0.9
Ma and 660°C, 6 kbar. (2) Two samples 15 km SW of (1), near Mt. Waddington, yield 72.3+1.5-64.4+1.0 Ma
and 72.3+£1.2-67.1£1.6 Ma garnet core-rim ages with corresponding P-T paths of 515°C, 4 kbar at 72 Ma to
630°C, 5.3 kbar at ca. 65 Ma. (3) Metamorphism in the western batholith along Bute Inlet reached 660°C, 6.6
kbar. Cross cutting relations and zircon ages suggest metamorphism pre 100 Ma. For the along strike NW-SE
transect: (1) 30 km SE of point (2) for the NE-SW transect yields a 79.9+£2.2 Ma garnet age with a P-T path

of 570°C, 5.7 kbar to 600°C, 7.6 kbar. (2) 30 km farther SW an orthogneiss yielded the oldest garnet age of
98.9+£2.3 Ma. (3) Andalusite stability 10 km farther SW indicates higher structural levels.

There is little across-strike variation in pressure or temperature; however, ages vary significantly along strike.
Garnet ages and P-T paths suggest that the thickest crust, > 28 km, occurred at 80 Ma; however, most crustal
thickening occurred prior to garnet growth at 80 Ma. Pressures indicate ca. 15 km depths at 72 Ma and ca. 20
km depths at ca. 65 Ma. The 15 km crustal-depth at 72 Ma and P-T paths indicate 5 km of exhumation after 80
Ma.

Zircon U-Pb ages suggest a prevalence of plutons intruding at 115-90 Ma and 80-70 Ma. Therefore, plutonism
was synchronous with metamorphism at ca. 99, 80, and 72. The late 64 Ma prograde metamorphism indicates
that contraction may have outlasted major plutonism. Furthermore, most P-T conditions are at or below the
solidus, revealing little contribution through partial melting or dehydration to magmatic flare-ups. Additional
garnet geochronology and thermobarometry are currently underway for andalusite-bearing and western samples.
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Geochemistry of antimony and arsenic in freshly deposited tailings at Beaverbrook Sb
mine, Newfoundland

Borcinovéa-Radkova, A., anezka.radkova@queensu.ca, Jamieson, H., Department of Geological Sciences and
Geological Engineering, Queen’s University, Kingston, ON, and Campbell, K., USGS, USA

Waste resulting from antimony (Sb) ore flotation process is an important source of metalloids pollution. As

the solid waste is deposited and exposed to oxic environment, the weathering of sulphides causes the release of
potentially toxic elements such as Sb, commonly accompanied by arsenic (As), into the liquid phase. Besides
other environmental factors, the fate of these contaminants depends on secondary mineral precipitation. In

this study, scanning electron microscopy and electron microprobe analyses were combined with synchrotron-
based p-X ray diffraction to identify the elements distribution and Sb host phases in relatively young tailings

at Beaverbrook Sb deposit. Hydride generation atomic absorption spectrometry was used to analyze Sb and

As speciation in pore and surface waters. In these tailings, the most common Sb and As hosts are stibnite and
arsenopyrite, respectively. Antimony and As concentration in bulk tailings is relatively constant, with average
values of 2940 ppm for As and 3950 ppm for Sb; however, the water samples show much lower As concentra-
tion compared to Sb. The concentration of Sb in tailings pore water is up to 26.4 mg/L and only 0.9% is in form
of Sb**. In all surface water samples, Sb is most prevalent in its fully oxidized form (98.9-99.2% of total Sb)
and the concentration is up to 8.71 mg/L. Arsenic concentration in tailings pore water reaches up to 2.92 mg/L
and As*" is the dominant form of As. Maximum As concentration in surface water is 0.5 mg/L mostly present as
As**. The difference between aqueous phase speciation in pore water suggests that Sb oxidation is more rapid
than As oxidation.

The Sb secondary minerals formed initially after stibnite mine waste decomposition include soluble brand-
holzite (Mg[Sb(OH),],-6H,0) and less soluble Sb-Fe minerals and goethite slightly enriched in Sb. The Sb-Fe
secondary minerals can accommodate wide Fe/Sb ratio, but have low As concentration. Arsenic is distributed
mostly in arsenopyrite and oxidation rims on pyrite and arsenopyrite. The rapid stibnite dissolution together
with the periodic brandholzite dissolution contribute to high Sb concentration and over time, if conditions re-
main oxic, more Sb is expected to be stored by Sb-Fe oxyhydroxides.
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Holocene variation of lake water balance in northeastern Ontario inferred from lacustrine
carbonate stable isotopes

Boreux, M.P., m.boreux@queensu.ca, Lamoureux, S.F., Department of Geography and Planning, Queen's Uni-
versity, and Cumming, B.F., Department of Biology, Queen s University

Climate models suggest that temperatures will increase significantly by the end of the 21* century due to cli-
mate change. Similar patterns were observed during the mid-Holocene (also known as the Hypsithermal or the
Holocene Thermal Optimum) which constitutes a potential analog period for projected changes. During this
period, the Prairie region of North America displayed drier hydroclimatic conditions while the American north-
east was wetter. It remains poorly understood whether the Hypsithermal resulted in drier or wetter conditions in
northeast-central North America and there is a need to develop long paleohydrological records in the region to
better understand future climate risks on freshwater systems.

To this end, sediment cores were retrieved from two adjacent alkaline lakes in the Timmins region of northeast-
ern Ontario, one located upland and relatively disconnected to the local groundwater system (thus sensitive to
short-term hydroclimatic change) and the other positioned lower embedded in the aquifer (therefore buftered by
groundwater inflow). Sediment cores were dated with '*C and analyzed for carbonate stable isotopes (6'%0 and
8!3C) to reconstruct past lake-water balance.

Results show that both lakes had distinctly lower levels between 9000 and 7000 cal '*C BP, implying than even
hydrologically buffered lakes are sensitive to long-term hydroclimatic change. Water levels then increased
abruptly in both lakes during the mid-Holocene (between 7000 and 5000 cal '“C BP), reaching their high-

est since the lakes formed about 11,000 years ago. The isotopic record is consistent with lithological changes
observed in the sediment as well as with previous pollen and geomorphic studies done in the area, suggesting
that northeastern Ontario was synchronous with the American northeast in terms of hydroclimatic change during
the Hypsithermal. Lake levels subsequently decreased slightly and remained relatively stable from 5000 cal C
BP to reach current intermediate water levels. However, 6'%0 values for the last 5,000 years from the two lakes
show opposing trends likely due their respective position in the landscape, suggesting that freshwater systems
response to hydroclimatic change is complex and watershed-specific.
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Chemostratigraphic correlation of the epicratonic Lower to Middle Cambrian Mount
Clark, Mount Cap and Saline River formations, northern mainland Northwest Territories

Bouchard, M.L., Turner, E.C., Harquail School of Earth Sciences, Laurentian University, 935 Ramsey Lake
Road, Sudbury, ON P3E 2C6, MacNaughton, R.B., Geological Survey of Canada, Natural Resources Canada,
3303 33 St NW, Calgary, AB T2L 247, and Rainbird, R.H., Geological Survey of Canada, Natural Resources
Canada, 601 Booth St, Ottawa, ON KIA OES

Lower to Middle Cambrian epicratonic strata (in ascending order, the Mount Clark, Mount Cap, and Saline
River formations) are preserved across mainland northwestern Canada from the eastern Mackenzie Mountains
to the Arctic coast (>500 km distance). Outcrop belts at the eastern and western extents of these strata have
not been compared and correlated in detail. A cross-section of the three Cambrian formations was documented
from outcrop on the eastern margin of the basin (Hornaday River Canyon), in the west-central part of the basin
(Norman Range), and in two locations near the ancient Mackenzie arch (Carcajou Range). The Mount Clark
Formation consists of quartz sandstone in all three regions. The Mount Cap Formation is more variable. In
long-studied exposures in the Carcajou Range, it consists of a relatively thick package of mudstone, carbonate,
and lesser sandstone, whereas on the eastern basin margin it is thin succession of burrowed dolostone inter-
layered with glauconitic sandstone. Regionally, the contact between Mount Clark and Mount Cap formations
is a diachronous facies boundary. In its type area around Mackenzie Plain, the Saline River Formation is a
thick succession of mudstone and evaporites, but is a thin succession of dolostone and green mudstone in the
northeast. These trends suggest depositional thinning to a feather-edge against the craton in the east, but abrupt
northeastward thickening adjacent to Mackenzie arch. Carbon isotope data show correlatable trends, some of
which apparently differ from the established global carbon isotope curve. The Mt. Cap Formation at Hornaday
River records a rising trend (-1.5%o to 0%0VPDB) at its base that is absent in the southwestern area, suggesting
that flooding of the diachronous top of the Mount Clark Formation happened earlier in the northeast than in the
southwest. An ensuing negative excursion reaches -2.5%o at Hornaday River, but -15%o near the Mackenzie
arch, suggesting that the global signal was overwhelmed by negative local (diagenetic?) values in an isolated,
deep water mass adjacent to the arch. The contact between the Mount Cap and Saline River formations is a re-
gional disconformity and cannot be evaluated meaningfully owing to a dearth of isotopic data. The Saline River
Formation exhibits carbon isotope values that gradually rise from -4%o to 0%o at the (conformable) contact with
the Franklin Mountain Formation.
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Study of glacial flows and associated sediments: The case of Amaruq, Nunavut

Boulianne-Verschelden, N.!, de Bronac de Vazelhes, V.!, McMartin, 1.2, Beaudoin, G.!, C6té-Mantha, O.},
and Simard, M3, 'Université Laval; *Geological Survey of Canada; 3Agnico Eagle

The Amaruq project is located in Nunavut 60 km northwest of the currently operating Meadowbank gold mine.
This region has a significant mineral potential but the basement rock is largely covered by till, thus furthering
our understanding of glacial dispersal processes is essential for efficient exploration in the area. This study is
on the understanding of the ice-flow history and surficial geology mapping of the Quaternary deposits at the
regional (1: 50,000) and detailed (1: 10,000) scales, both centered on the gold deposits at Amaruq. The study
area is located about 100 km northwest of the last position of the Keewatin Ice Divide.

During the last glaciation, the Laurentide Ice Sheet covered the study area until the ice disappeared 6 000-
7000 “C years ago. As a result, the area is extensively covered by various types of glacial deposits. The
predominant surficial deposits are bouldery sandy till veneers, commonly forming small ridges perpendicular
to ice flow, thick silty till blankets in streamlined landforms or plains, and five glaciofluvial systems contain-
ing eskers, hummocks, diamictons, kames and outwash plains. The thick silty till blankets appear to cover the
sandy till veneers.

Previous reconnaissance-scale mapping indicates a main north-northwest regional ice-flow direction. In the
study area, four sets of ice-flow directions were recognized based on the detailed mapping of striations, grooves
and roches moutonnées. The oldest, oriented towards the NNW (N345°), is the dominant direction and is re-
sponsible for most of the glacial moulding of the landforms. The second and third ones are oriented respective-
ly at N325° and N308° and did not have a significant influence on the landform orientation. The fourth ice-flow
set is found locally along glaciofluvial systems and indicates late ice flows towards esker ridges.

A preliminary pebble count was done by ODM Ltd on 10-kg till samples collected from frost boils. The results
show that the sandy till veneers material has a major local component derived from the underlying bedrock.
The bouldery sandy till veneer shows a sharp change in pebble composition across the underlying lithologi-

cal boundaries. The lithological package hosting the Amaruq mineralized zones is dominated by ultramafic to
intermediate volcanic and sedimentary rocks, whereas the dominant lithologies up-ice and down-ice of miner-
alization are essentially of granitic composition. The pebbles of the thick silty till blankets over and down-ice
of the mineralized zones are granite-dominated even if the lithologies beneath are of volcanic and sedimentary
origins.
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A newly identified P-T-t-d discontinuity along the Main Central Thrust, western Nepal
Himalaya

Braden, Z., zoe.braden(@gmail.com, Godin, L., Department of Geological Sciences and Geological Engineer-
ing, Queen s University, Kingston, ON K7L 3N6, Cottle, I.M., Department of Earth Science, University of
California, Santa Barbara, CA 93106, USA, Kellett, D.A., Geological Survey of Canada, 1 Challenger Dr.,
Dartmouth, NS B2Y 442, Yakymchuk, C., Earth and Environmental Sciences, University of Waterloo, 200 Uni-
versity Ave. W., Waterloo, ON N2L 3G1, and Davis, W.]., Geological Survey of Canada, 601 Booth St., Ottawa,
ON KIA OES

The India-Asia collision initiated Himalayan prograde metamorphism as early as 48 Ma and movement on a
major shear zone, the Main Central Thrust (MCT), around 25 Ma. The MCT juxtaposes the Himalayan meta-
morphic core in the hanging wall over low metamorphic grade foreland rocks in the footwall. Broad open folds
of the Karnali klippe in western Nepal expose the hanging wall of the MCT multiple times in the transport-
parallel (southward) transport direction. To test whether the timing of deformation and pressure-temperature
(P-T) conditions are consistent with a foreland-propagating thrust system, samples were collected in the hin-
terland exposure, and toward the foreland on both the north and south flanks of the klippe. Within the MCT
zone, structurally higher samples contain Ky + Grt + Pl + Bt + Ms + Qz +/- St while structurally lower samples,
toward the base of the shear zone, contain Grt + Pl + Bt + Ms + Qz +/- [Im. Phase equilibria modelling are
used to determine the pressure-temperature paths of these rocks. Rocks at comparable structural levels from the
north flank of the klippe show higher peak pressure and temperature conditions (700C, 1.1-1.2 GPa) than those
in the hinterland (650C, 0.9-1.0 GPa). SHRIMP U/Pb geochronology and in situ U-Th/Pb petrochronology

on monazite in the hinterland record deformation at 18 Ma, with melt crystallization beginning at ~14 Ma and
ongoing until ~8 Ma. Rocks on the north flank of the klippe record deformation as early as 47 Ma and lasting
until 18 Ma, punctuated by melt crystallization at ~30 Ma. “*Ar/* Ar thermochronology on white mica indicate
cooling of (1) the south flank of the klippe by 17 Ma, (2) the north flank of the klippe by 12-14 Ma and (3) the
northern hinterland by 7 Ma. Despite apparent structural continuity along the studied exposures of the shear
zone, the hinterland and the foreland record disparate P-T-time-deformation paths. Deformation on the Main
Central Thrust is generally thought to have progressed, in sequence, from north to south, hinterland to foreland.
However, we demonstrate that the shear zone in the hinterland was undergoing melting and high T deformation
at 8 Ma while in the klippe the shear zone had cooled below 425 C by 12 Ma. This discontinuity between the
hinterland and the foreland requires that out-of-sequence deformation occurred in the hinterland as recently as 8
Ma.
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The 3D Geological Framework of Alberta: Using geomodelling to enhance and dissemi-
nate geological understanding

Branscombe, P., paulina.branscombe@aer.ca, and MacCormack, K.E., Alberta Energy Regulator (Alberta Geo-
logical Survey), 402 4999-98 Avenue, Edmonton, AB T6B 2X3

The Alberta Geological Survey (AGS) is developing a “Geological Framework™ for the province of Alberta
(602,825 km?). The Geological Framework provides a consistent and reliable three-dimensional (3D) repre-
sentation of our current geological understanding to facilitate the integration and communication of interdisci-
plinary data. The Geological Framework includes a provincial-scale 3D geocellular model that represents our
current regional understanding of Alberta’s geology. This 3D provincial model of Alberta is a platform, capable
of integrating a variety of data types from multiple sources, enabling the development of multi-scale, interdis-
ciplinary models. This model is updated with sub-models or additional stratigraphic intervals and therefore,
evolves over time, as our knowledge and understanding of the subsurface develops. High-resolution sub-mod-
els and 3D property models are being developed in strategic locations to enhance the geological characterization
of the stratigraphic units within the Geological Framework.

Three-dimensional geological models are becoming increasingly useful for integrating and communicating
complex geological concepts amongst multi-disciplinary teams and to support science-based decision making.
The AGS produces geomodels to characterize Alberta’s subsurface geology at a variety of scales to support the
Alberta Energy Regulator, the Government of Alberta, or public interest. We are also investigating innovative
methods (e.g. Minecraft) to disseminate the Geological Framework to a wider spectrum of stakeholders allow-
ing them to engage and interact with our surface and subsurface data and information. Geoscientists, geostatiti-
cians and geomodellers are essential to the development of the Geological Framework and their iterative con-
tributions create a truly multi-disciplinary and collaborative approach to geomodelling. This approach ensures
our 3D models accurately characterize the complex geology of Alberta and disclose geomodel limitations and
uncertainty. We will discuss how all the modelling we do, irrespective of level of detail, is incorporated back
into the provincial-scale model thereby, continuously improving the Geological Framework.

The continual improvement and maintenance of the 3D provincial model allows us to have a subsurface foun-
dation that can integrate any geospatially referenced subsurface and surface data. This allows the Geologi-

cal Framework to be used as an integrated surface and subsurface management tool. Our goal is to make the
Geological Framework available in multiple dissemination formats, which will allow the AGS to communicate
complex subsurface information to users and stakeholders with various levels of background knowledge.
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Canada-3D: Toward national surface and subsurface compilations of the geology of Can-
ada

Brodaric, B., St-Onge, M.R., Snyder, D.B., Russell, H.A.J., Geological Survey of Canada, 601 Booth St., Ot-
tawa, ON KI1A OE9, {boyan.brodaric, marc.st-onge, hazen.russell}(@canada.ca, dbsnyder1867@gmail.com

Canada has a long history of national geological compilations. Current versions include two-dimensional (2D)
surface bedrock and surficial geological maps that were compiled over 20 years ago. Advancements in informa-
tion technology and geological modelling enable the adoption of new approaches, and the development of new
products, for a next generation view of the geology of Canada. To achieve this, the Canada-3D project com-
prises a national collaboration between federal, provincial, and territorial geological surveys operating under the
auspices of the National Geological Surveys Committee. Expected results are new compilations for Canada,
including new 2D surficial and bedrock geology maps, as well as an inaugural three-dimensional (3D) geologi-
cal model. Also being developed are new 3D modeling methods, standards, and a public web portal for using
and downloading the compilations. Project principles include a commitment to open and free products as well
as standards, and the variable resolution and the timely ongoing integration of sources to ensure the products are
authoritative and reflect the best knowledge available.

During the past two years a pilot project has generated results that include advancements toward new geology
maps for the Canadian North, inaugural national 3D surfaces for depth-to-bedrock, the Phanerozoic/Precam-
brian boundary, the MOHO boundary, as well as advances in 3D visualization. These early results also high-
light ongoing issues in (1) technology, related to the handling and viewing of massive data volumes, (2) data
sources, related to gaps in geographical coverage of existing geological maps, models, and related data, and (3)
limits to 3D modeling methods related to the incorporation of unconventional data, regional interpolation, and
related uncertainties. Reported will be a summary of the results as well as lessons learned. Expected beneficia-
ries of Canada-3D are all users of geoscience information and knowledge, including industry, other federal and
provincial government departments, educational institutions and non-governmental organizations.
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Impact tsunami deposits of the ancient sedimentary record: Depositional regime recovery
in a post-impact scenario

Bron, K.A., Queen s University, Kingston, ON K7L 3N6, treenabron@gmail.com

Preserved ancient marine impact deposits are rarely identified in the sedimentary record. In an epicontinental
paleobasin of central Australia, post-impact sediments from the Tookoonooka impact are well-preserved in the
subsurface, and include crater resurge and impact tsunami deposits. The strata are lower Cretaceous in age.
Impact ejecta scattered throughout the tsunami and resurge deposits include accretionary impactoclasts, altered
melt clasts, basement fragments and shock metamorphosed quartz fragments. Multiple diagenetic episodes
evident in the sediments were due in part to burial in the evolving marine environment and protracted impact
hydrothermal conditions.

The impact deposits are host to characteristics not generally observed - in combination — in energetically ‘nor-
mal’ Earth depositional processes: highly sediment-saturated flow, high flow regime bedforms, bi-directional
flow with sudden shifts in clast composition, rapid deposition, very thick beds, and rapidly shifting flow ener-
gies are indicated. Clast size observations are constrained by core widths, though boulder-sized clasts were
discerned in core, and contrast with the pre-impact fine-medium grained sand deposition that appears to have
been consistent for millions of years. The pre-impact depositional environment was persistently low-energy,
low sedimentation rate, higher latitude and regionally extensive. Buried strata in the basin record both the
marine impact depositional processes as well as the waning of the impact event. Strata overlying the interpreted
resurge and tsunami deposits - representing the immediate aftermath of the impact — contain sediments that ap-
pear to recover relatively quickly to their pre-impact depositional regime: low energy, little reworking, and an
eventual return of intense bioturbation. These are in turn buried by transgressive marine shales. Considerations
affecting ‘recovering’ sedimentation in the post-impact basin include the new sediment source of the uplifted
crater rim and the availability of large volumes of coarse debris such as melt clasts.

It is concluded that based on the Tookoonooka example, many units in the stratigraphic record deserve re-ex-
amination, as the cratering rate suggests that the occurrence of marine impacts should be much higher than the
small numbers discovered in recent decades. Tookoonooka is a well-preserved example of the complex — and as
yet poorly understood - processes at play following marine impacts in a shallow marine basin.
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Textural and chemical characteristics of oxide minerals as a record of postmagmatic pro-
cesses in the Eastern Gabbro, Coldwell Complex, NW Ontario

Brzozowski, M.B., Samson, .M., Gagnon, J.E., University of Windsor, Sunset Ave., Windsor, ON N9B
3P4, brzozowm@uwindsor.ca, Good, D.J., and Linnen, R.L., Western University, Richmond St., London, ON
N6A4 3K7

Magnetite is a minor to major mineral in the mafic and ultramafic rocks of the Eastern Gabbro (EG). The EG
is a complicated suite of crosscutting sills and dykes that include the unmineralized metabasalt and Layered
Series, and mineralized Marathon Series. Magnetite in these gabbroic series exhibit a continuum of exsolu-
tion textures from cloth to trellis types. Cloth-textured magnetite consists of a box-like network of ulvispinel
(<Ium wide) + thick trellis lamellae of ilmenite (5-20 um wide) = bladed spinel (1-5 um wide), all hosted by
magnetite. Trellis-textured magnetite consists of fine (1-5 um wide) and coarse trellis lamellae, and always
contain spinel hosted by magnetite and ilmenite lamellae.

Experimental evidence indicates that ilmenite cannot exsolve from magnetite, but must form by oxidation of
ulvospinel resulting from fluid-mineral interaction. The coexistence of these different textural varieties of
magnetite throughout the EG, as well as within a given sample and even within a single crystal of magnetite is
consistent with subsolidus, fluid-induced oxidation. The formation of trellis-textured magnetite by interaction
of cloth-textured magnetite with Cu-rich fluids is suggested by the occurrence of trellis-like intergrowths radiat-
ing outwards from Cu-bearing fractures in cloth-textured magnetite and the intense alteration observed in many
of the host rocks.

Only Ge, W, Mo, Sn, and Cu show differences in concentration between cloth- and trellis-textured magnetite on
the sample scale. These elements are enriched in trellis-textured magnetite relative to cloth-textured magnetite.
The enrichment is typically in the range of single-digit ppm. Their enrichment in trellis-textured magnetite,
then, can be explained by the reaction of the magnetite-ulvospinel assemblage with an oxidized fluid, in which
Ge, W, Mo, Sn, and Cu were abundant, to form the magnetite-ilmenite assemblage. This suggests that within a
given gabbroic series, the different magnetite types represent initial crystallization of the same high-temperature
magnetite-ulvospinel solid solution, and the different textures and trace element chemistry developed as a result
of varying degrees of fluid-induced oxidation. This is also consistent with the similarity in their bulk major ele-
ment composition.

These results suggest that the suite of rocks making up the EG crystallized under relatively reducing conditions
capable of stabilizing ulvospinel. These conditions were later modified by the flux of Cu-rich, oxidizing fluids,
which oxidized and transformed cloth-textured magnetite-ulvospinel assemblages to trellis-textured magnetite-
ilmenite assemblages.
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Giant circumferential dyke swarms: An underappreciated component of the plumbing
system of Large Igneous Provinces

Buchan, K.L.!, kenneth.buchan@canada.ca, and Ernst, R.E.23, 'Geological Survey of Canada, Natural Re-
sources Canada, Ottawa, ON KI1A OES; 2Department of Earth Sciences, Carleton University, Ottawa, ON KIS
5B6; *Faculty of Geology and Geography, Tomsk State University, Tomsk, Russia 634050

Giant radiating dyke swarms are well documented as a key component of the plumbing system of Large igne-
ous Provinces (LIPs), which have often been linked to mantle plumes and continental breakup. Magma in
these dykes flows vertically in the plume centre region and then laterally outward for distances up to 2500 km
from the focal point of the swarm. Through its entire length the radiating dyke swarm can feed voluminous
sills, layered intrusions and flood basalts. Here we discuss another category of giant dyke swarm, termed gi-
ant circumferential dyke swarms, which has recently been recognized in association with LIPs, but has yet to
be studied in detail. Giant circumferential swarms have a quasi-circular or quasi-elliptical geometry with a
maximum diameter typically between 600 and 1800 km. In some instances, they are observed to circumscribe
the focus of a roughly coeval giant radiating swarm. In other cases, they do not appear to have an associated
radiating swarm. They may be analogues of the large quasi-circular or quasi-elliptical graben-fissure systems
of coronae on Venus, which have been interpreted to be underlain by dykes, and which sometimes occur in
association with giant radiating graben-fissure systems (also underlain by dykes) and flood basalts. Here we
examine the giant circumferential swarms associated with the ca. 125-80 Ma High Arctic LIP, the ca. 130 Ma
Parana-Etendeka LIP of South America and Africa, the ca. 250 Ma Siberian Trap LIP of Asia and the ca. 1380
Ma Kunene-Kibaran LIP of Africa, as well as possible segments of circumferential swarms associated with the
ca. 60-55 Ma North Atlantic LIP, the ca. 65 Ma Deccan LIP of India and the ca. 1780 Ma Xiong’er-Taihang LIP
of China. We catalogue their characteristics including geometry, diameter, width, arc length, vertical or dipping
dykes, age relationship with radiating swarms, evidence for related topographic features, and association with
rifting and flood basalts, and compare these characteristics with those of coronae. We assess the usefulness of
the giant circumferential swarm characteristics as a guide to identifying further circumferential swarms, and in
understanding their emplacement mechanism(s), possible role as feeders for flood basalts, and potential links to
Ni-Cu-PGE and other types of ore deposits.
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The cobalt-nickel rule, tholeiitic magma series and large impacts

Buhlmann, E., NMMA, University College of the North, 2 Hart Avenue, Flin Flon, MB R8A 0G4, banyalnc@
hotmail.ca

Central Manitoba is underlain by the Kisseynew Domain, a large basin structure of 250 x 300 km extent. This
structure, occupying a central part of the Trans Hudson Orogen, is flanked by the Palaecoproterozoic Flin Flon-
and Snow Lake volcanic belts to the south and the Lynn Lake and Leaf Rapids volcanic belts to the north. They
host important VHMS type copper-zinc-gold deposits, including the large Flin Flon, Ruttan and Lalor deposits
in bimodal tholeiitic volcanic rocks. Ages of hosting rocks cluster in the 1.90-1.89 Ga range. A cobalt>nickel
ratio is common to all deposits, which is unusual, when considering the crustal abundances of 25 ppm for cobalt
and 86 ppm for nickel.

For the Central African Copper Belt the empirical cobalt>nickel rule states that (nearly) all mines have in their
copper ore more cobalt than nickel. Within the tholeiitic Skaergaard Layered Series in Greenland cobalt in-
creases from the bottom up whereas nickel decreases upward. Near the top of the Series, nickel is depleted, the
ratio being cobalt>nickel. Could a similar process have taken place in the extensive tholeiitic gabbro horizons
of the Central African Copper Belt before mineralizing the sulfur-rich sediments?

Many porphyry copper deposits have in their copper concentrates a similar cobalt>nickel ratio pointing clearly
to an early nickel-depleting magmatic process.

According to Bowen forsteritic olivine crystallizes at high temperature before other minerals. Forsterite will
incorporate nickel for magnesium, to include 0.4-0.5 % nickel in the forsterite crystal lattice. Cumulates with
this amount of nickel are common in some komatiites.

Magma of komatiitic composition is a prime candidate to become tholeiitic by nickel depletion. Does this pro-
cess take place in impact melt?

An historical drill hole intercept of the Sudbury impact melt sheet shows a near perfect section of a tholeiitic
melt in a 200 m segment near the transition zone between underlying norite and overlying granophyre.

I believe that in the Trans Hudson Orogen of Central Canada the Kisseynew Basin with its flanking 1.90-1.89
Ga tholeiitic volcanics and ore deposits is an example of a Palacoproterozoic marine impact.
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Three-dimensional dispersal patterns of illitic alteration pathfinders through thick multi-
till stratigraphy in the Thelon Basin, Nunavut

Bustard, A.L., Ross, M., and Kendall, B., University of Waterloo, Waterloo, ON N2L 3G, a.bustard@gmail.
com

There are a number of regions prospective for mineral exploration that are characterized by glacial cover tens of
meters thick where the application of conventional drift exploration techniques may be limited or particularly
challenging. The Thelon Basin in Nunavut is one example where some areas being explored for unconformity-
type uranium mineralization are covered by a succession of till units of contrasting provenance. Whether the
subcropping alteration haloes surrounding deeper uranium mineralization can be detected through the nearly
continuous cover of Quaternary sediments is a question of great importance for those conducting exploration

in the area. The main purpose of this study is to identify in the tills the geochemical signature of subcropping
alteration associated with a deep-seated basement-hosted unconformity-type uranium mineralized body, located
southeast of Aberdeen Lake. Mineralization in this area is hosted at depths of over 100m, and the subcropping
illitic alteration halo is covered by a multi-till sequence ranging from 12 to 34m in thickness.

Multivariate statistical analysis was carried out on both whole rock and till geochemical data from a drilling
and surface sampling program. Comparison of unaltered and altered whole rock data guided the creation of 4
alteration indices that were used to amplify the signature of altered material in surface and subsurface tills. The
alteration indices were constructed by dividing elements relatively enriched by alteration processes by ele-
ments that have been relatively depleted. Geochemical trends associated with the alteration are the enrichment
of Fe,O,, K0, ALO,, PO, TiO,, B, Ni, U, Cr, and Sc, and depletion of CaO, MnO, Na,O, Mo, Zn, Ba, and Sr
(analysis following HF-HCIO,-HNO, digestion), and the enrichment of U and depletion of V, Zn, Y, and Yb
(analysis following HNO,-HCI digestion). Results show that the lower till units have a clear alteration signa-
ture, whereas the surface expression of the alteration footprint is greatly diluted by the youngest surficial till;
however it is still detectable. The analysis also discriminated the tills based on their overall matrix geochem-
istry, yielding groups that are consistent with the stratigraphy established using other methods (e.g. facies and
pebble lithology). This study highlights the need for a detailed understanding of both the geochemical signa-
tures being sought and the glacial history of the area being examined.
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Relative timing of sediment failures within slide-valley complexes in the Kugmallit Fan
area of the central Beaufort Slope

Cameron, G.D.M., gordon.cameron@canada.ca, King, E.L., and Blasco, S., Geological Survey of Canada — At-
lantic, Bedford Institute of Oceanography, 1 Challenger Drive, PO Box 1006, Dartmouth, NS B2Y 442

Hydrocarbon related activities on the Beaufort Slope raises concerns about slope geohazards. Ubiquitous
seabed and shallow sub-surface sediment slide complexes have been identified on the Beaufort Slope, from
multibeam bathymetry and high-resolution sub-bottom sonar data collected mainly in 2009 and 2010. Multiple
shallowly-buried failures indicate a long-term history of periodic failure.

Two geologically recent, large, multiple-event failure complexes have been identified; the Ikit and Kugmallit
slide-valley complexes. Neither have appreciable overlying sediment despite continuous Holocene deposition
recognized from sonar profiles in nearby parent sediment. The Ikit complex is about 24 km wide, along the
shelf break and about 54 km downslope, with undefined total run-out, covering over 1900 km?. The Kugmallit
complex is narrower at 14 km wide and 68 km long, with undefined total run-out, covering 1550 km?.

Some failure scarps exceed 100 m relief and evacuated volumes exceed 100 cubic km, placing these amongst
Canada’s largest surficial failures. Stratified Holocene and largely glacigenic blankets, tens to over 100 m thick
including presumably LGM material, have been removed in the deepest valleys. Failures span the entire post-
glacial sediment sequence, but an underpinning buried interval appears more prone to collapse.

Large and numerous retrogressive failure types are identified within the slide valley complexes. Blocky to
disintegrated rotational slumps have been identified and occur near the top of the valleys. Numerous and thick
(10s to 50m) debris flows have been identified with cross-cutting lobes and tongues which have runouts from
100s of m to 100 km. Relative timing of as many as five failure events is recognized, based on cross-cutting
relationships. Maximum failure event age is constrained locally by recognition of translated parent blocks as
young as 1300 years BP cal. in shallow cores. Minimum ages are pending from Pb 210 age dating of 8 to 25cm
thick post-slide mud in push cores.

Removal of confining sediments presents opportunity for continued retrogressive failure. Failure-prone unit be-
havior suggests sediment preconditioning in the subsurface. The state of in-situ or introduced excess pore pres-
sures in the region is not known. Proximity to an earthquake cluster suggests a trigger mechanism for episodic
and widespread failure, but temporal and causal relationships are not yet established.
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Regional glacial history, paleo-dynamics and dispersal patterns, South Rae craton, North-
west Territories

Campbell, J.E.!, janet.campbell3@canada.ca, Lauzon, G.2, Dyke, A.S.%, and Roy, M.2, 'Geological Survey of
Canada, Ottawa, ON; *Université du Québec a Montréal, Montréal, QC; *Arthur S Dyke Geoscience, East-
port, NL

The southern Rae area in southeast Northwest Territories lies within one of the most poorly mapped and least
understood regions of the Keewatin Sector of the Laurentide Ice Sheet (LIS). This region is heavily covered

by glacial sediments, which impede both bedrock mapping and mineral exploration. To fill in this geoscience
knowledge gap, recent regional-scale (1:250 000) mapping and till sampling in four NTS map sheets (75A, B, G
and H) have been undertaken.

The glacial landscape records a complex history of changing glacial flow dynamics and subglacial conditions
during deglaciation, as reflected by superimposed landforms, juxtaposed streamlined terrain (fast flow) and
non-streamlined terrain (sticky spots/sluggish flow) and a network of WSW to SW trending subglacial meltwa-
ter corridors. Sediment/landform associations reflect variations in sediment transport/deposition processes and
history.

Field-based measurements of erosional ice-flow indicators (e.g. striations, roches moutonnées) and imagery
mapping of streamlined landforms record at least four regional flow sets. The oldest flow is recorded at a few
sites as striations with unknown sense (SSE/NNW). Well-defined indicators reveal a clockwise rotation in
regional ice-flow directions during Late Wisconsin glacial/deglacial events, shifting from southward to south-
westward flow. A late westward flow is recorded in the north half of the study area. The prevailing regional
ice-flow direction is to the southwest.

Till composition data (clast lithology, indicator minerals, matrix geochemistry and texture) combined with
ice-flow indicators are examined to establish sediment dispersal patterns as well as the varying degrees of till
inheritance/ hybridization. Preliminary results indicate that at the regional scale, till composition predominantly
reflects the underlying bedrock domains with sharp changes in lithological and geochemical constituents across
domain boundaries. Distinctive erratics and exotic clast lithologies in the till are used as tracers for glacial
dispersal patterns and compositional inheritance. Clasts, such as Dubawnt Supergroup lithologies, derived from
sources located to the north-northeast of the study area, indicate sustained transport of glacial debris by the
older southward flow.

This research will provide much needed input for the paleoglaciological reconstruction of the Keewatin Sector

of the LIS, and a Quaternary geological framework for mineral exploration and land resource management in
the southwest region of the Rae geological province.
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U-Pb geochronology of detrital zircons from the Mazinaw and Bancroft domains, Com-
posite Arc belt, Grenville Province, Ontario

Carr, S.D., Department of Earth Sciences, Ottawa — Carleton Geoscience Centre, Carleton University, Ottawa,
ON KIS 5B6, and Easton, R.M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Sec-
tion, B7064, 933 Ramsey Lake Road, Sudbury, ON P3E 6B5, mike.easton@ontario.ca

Although a wealth of geochronologic information exists for the Composite Arc Belt (CAB), the depositional age
and provenance of clastic metasedimentary rocks is largely unknown, with a few exceptions. To address this
gap, using single-grain U-Pb geochronology on detrital zircons, we examined two samples from the Mazinaw
domain to further unravel the history of the Flinton Group and one sample from western Bancroft domain where
only limited U-Pb geochronology exists. These age data are compared with published detrital zircon data to
constrain correlations and provenance of clastic formations, and terrane linkages within the CAB.

Of 15 zircons analyzed from 2 quartzite cobbles from the Bishop Corners Formation (Flinton Group) metacon-
glomerate at the Ore Chimney Mine: half the ages are Mesoproterozoic (1187-1463 Ma), half are Paleoprotero-
zoic (1660-1981 Ma) and one is Neoarchean (2708 Ma). Younger zircons (<1660 Ma) are generally euhedral
whereas older ones are rounded. The cobbles have a zircon population similar to that reported for the underly-
ing quartzite, but they apparently lack the youngest (1157 to 1134 Ma) zircons found in the quartzite.

Quartzite of the Ompah Formation, Flinton Group, has an apparently restricted zircon population dominated by
1201 to 1186 Ma grains. The oldest crystal is 1253 & 10 Ma. This restricted population indicates that Ompah
Formation sediments were not the source of quartzite cobbles in the metaconglomerate at the Ore Chimney
Mine, and that the two samples have different sources although they apparently have the same depositional age.
The likely source region for the Ompah Formation is to the west (rocks now in Quebec) or south, from exhumed
rocks of the Frontenac-Adirondack Belt.

Quartzite near Crystal Lake in Bancroft domain has a detrital zircon population dominated by 1910 to 1871 Ma
ages. The oldest grain is 2626 + 1 Ma. The likely source region is the pre-Grenvillian Laurentian margin. The
maximum depositional age of this rock is uncertain, but the data suggest that some metasedimentary rocks in
Bancroft domain may be older than those in the CAB and have populations distinct from the Flinton Group.
Quartzites in eastern Bancroft domain, between Palmer Rapids and Renfrew, have either yielded detrital zircon
populations dominated by Grenvillian zircons (1224 = 10 Ma, 74 grains) or have yielded metamorphic ages
only (circa 1044 Ma based on monazite and zircon). Comparison with the Crystal Lake sample indicates that
sandstone deposition may have occurred more than once in Bancroft domain.
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What can exhumed blueschist and eclogite blocks tell us about P-T and stress conditions
along the subducting plate interface?

Carruthers, S., samantha.carruthers@mail. mcgill.ca, and Rowe, C., McGill University, 3450 University Street,
Montreal, QC H3A4 OES

Subduction zones provide us with an opportunity to study the geologic and seismic processes that occur at
depth. Previous and current studies have used seismic data to analyze subduction zone earthquakes, however,
the stress conditions at depth cannot be directly observed, so they are poorly understood. Blueschist and eclog-
ite form from mafic rock at depths of >30 km in the subduction zone, and when exhumed, have been used to
study the record of the pressure and temperature conditions at these depths. I will be studying the structural
and metamorphic conditions of high grade blocks in the Franciscan Complex with the intention of tying tem-
perature, pressure and time conditions to a location at depth along the plate interface. These blocks have been
well-characterized in metamorphic studies, but since they occur in mélange terranes and can’t be oriented with
respect to the Mesozoic plate boundary, past researchers have not made use of structural information. I am
developing a novel mapping method using a unique internal reference frame for each individual boulder to
reveal 3-D rotations in the strain ellipse within each reference frame. We build 3D models from 100s of field
photos using AGIsoft Photoscan Pro software. I use georeferenced orthophotos projected from the 3D model
to create a unique reference frame for each of the boulders to document the structural fabrics. Relative changes
in the orientation of deformation, and transitions between pure and simple shear, correspond to changes in
metamorphic assemblage. These metamorphic-deformational events identified from detailed field mapping
and thin section petrography may correspond to important events in the ‘biography’ of the high grade blocks,
such as detachment from the downgoing slab. If we are able to successfully study these samples with our new
approach, it will create opportunities to obtain structural data and information from high-P metamorphic rocks
from mélanges which have been previously ignored.
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3D geologic and hydrogeologic modelling of the Paleozoic bedrock of southern Ontario

Carter, T.R.!, terry.carter@cartergeologic.com, Brunton, F.R.2, Logan, C.3, Clark, J.% Fortner, L.5, Yeung, K.2, -
Freckelton, C.% Sutherland, L.%, and Russell, H.A.J.3, 'Consulting Geologist, 35 Parks Edge Cres., London, ON
NG6K 3P4, 2Ontario Geological Survey, 933 Ramsay Lake Rd, Sudbury, ON P3E 6B5; *Geological Survey of
Canada, 601 Booth St, Ottawa, ON KI1A4 OES; *Oil, Gas & Salt Resources Library, 669 Exeter Rd., London,
ON NGE 1L3, www.ogsrlibrary.com; °Ontario Ministry of Natural Resources, 659 Exeter Rd., London, ON
NG6E 1L3

This multiyear initiative will produce the first 3D model of the Paleozoic bedrock for all southern Ontario west
of Frontenac Arch. Derivative outcomes include: 1) a revised lithostratigraphic chart; 2) a revised regional
bedrock topography surface, including Lake Ontario; 3) QA/QC improvements in formation contacts recorded
in the Ontario petroleum well database; 4) revised formation subcrop boundaries and; 5) a model of the regional
occurrence of groundwater in bedrock, focussing on potable groundwater within shallow bedrock.

Preliminary 3D geologic models have been developed using Leapfrog™ Hydro implicit modelling software
based principally on digital data for approximately 300,000 formation contacts from 26,700 petroleum wells,
recorded in Ontario’s petroleum well database. The model area covers approximately 110,000 km?, extending
across southern Ontario and beneath the Great Lakes to the US border, but not Manitoulin Island. The model
currently comprises 61 layers and attempts to render the bedrock topography, the Precambrian-Paleozoic con-
tact, and the regional variability of 58 Paleozoic bedrock formations plus drift. It is a product of an ongoing,
iterative process of interim modelling, model review by project geologists, and QA/QC editing of formation
picks. Leapfrog™ modelling software is used to produce 3D models based upon Radial Basis Functions pri-
marily using the formation depth picks. Leapfrog™ lends itself to iterative data QA/QC because revised data
inputs can be readily reloaded without re-constructing the formation contact structure and model chronostratig-
raphy. With further development and improved data support, the lithostratigraphic model will be finalized to
support a hydrostratigraphic model suitable for numeric modelling.

The study integrates classic outcrop/field/lab-based protocols and petroleum subsurface mapping techniques,
with GIS/database queries, and digital modelling techniques. Efforts to date have focused on refining formation
contacts and geographic distributions of Paleozoic formations. Project geologists have reviewed over 50,000
formation picks by examination of geophysical logs, core, and drill cuttings, and approximately 100,000 digital
water well records have been reviewed. Issues resolved include: well location, formation assignment, anoma-
lous data points, and wells with missing or incorrect formation picks. Development of the hydrostratigraphic
model will incorporate data for: 35,000 water records from petroleum wells, 440,000 water well records, hy-
draulic conductivity measurements, karst mapping, drill core analyses, compositional analyses of produced wa-
ter from petroleum wells, isotopic and compositional analyses of deep to intermediate groundwater, nearly 300
stratigraphic boreholes completed by the Ontario Geological Survey, and field observations. Additional data
includes published geology, structure and isopach maps, ground surface DEM, and Great Lakes bathymetry.
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Mineral recrystallization reactions and trace element availability in the metasedimen-
tary contact aureole surrounding the Dublin Gulch reduced intrusion-related gold system
(RIRGS); implications for metal sources for RIRGS hosted in the Selwyn Basin

Cave, B.l., ben.james.cave@gmail.com, Barnes, S-J., Université du Québec a Chicoutimi, Chicoutimi, QC
G7H 2B1, Sack, P.J., Yukon Geological Survey, Whitehorse, YK Y1A 2C6, and Kuikka, H., Victoria Gold Corp.,
Vancouver, BC V6E 357

Abundant evidence exists that precious (Au, Ag), semi- (As, Te, Sb, Bi) and base metals (Mo, Cu, Zn, Pb) are
mobile in metasedimentary rocks during prograde metamorphism related to orogenesis. Metamorphic mineral
reactions control which elements are available to be mobilized (e.g., pyrite to pyrrhotite: Au, As, Ag, Bi, Sb, Te,
Mo, Cu, Zn and Pb; rutile to titanite or ilmenite: W; chlorite to biotite: Zn). Trace elements released by this pro-
cess are the source of metals in turbidite-hosted orogenic gold systems (i.e., Au, As, Ag, Bi, Sb, Te, Mo, Cu, Zn,
Pb and W). The same elemental enrichments are observed in reduced intrusion-related gold systems (RIRGS),
particularly those hosted in metasedimentary rocks of the Selwyn basin, northwestern Canada. In contact
metamorphosed metasedimentary rocks surrounding these mineralizing systems, the same mineral recrystal-
lization reactions occur. However, no assessment has previously been attempted to determine whether mineral
recrystallization reactions in contact aureoles make the same suite of elements available to be mobilized from
the rock-pile, and thus could represent an important metals source for these systems.

In this study, we assess the availability of elements from mineral recrystallization reactions occurring in contact
metamorphosed metasedimentary rocks of the Yusezyu Formation which surround the Dublin Gulch RIRGS
(3.6 Moz at 0.63 g/t Au). Regional Yusezyu Formation rocks that have not experienced contact metamorphism
are used to characterize the original mineral compositions. In the regional Yusezyu Formation samples, Au, As,
Ag, Bi, Sb, Te, Mo, Cu and Pb are predominantly hosted in pyrite, whilst W and Zn are predominantly hosted in
rutile and chlorite, respectively. In the contact metamorphosed samples, pyrrhotite and chalcopyrite form after
pyrite, whilst ilmenite and biotite form after rutile and chlorite, respectively. These mineral phases all contain
significantly lower concentrations of metals compared to the minerals from which they formed from (except
Cu, Ag, Zn and Cd in chalcopyrite, and Zn in ilmenite). No other important host minerals where observed for
these elements. Results of this study suggest that metals enriched in RIRGS are available to be mobilized from
the surrounding metasedimentary rocks through mineral recrystallization reactions in contact aureoles (except
Cu and Ag, which are likely retained). Since these mineral recrystallization reactions occur concurrent with the
formation of RIRGS they may represent a metal source not previously considered.

The Geological Survey of Canada provided funding for this project, through the Targeted Geoscience Initiative-
5 (TGI-5).

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 52



Keynote (40 min): Wyoming-Superior Neoarchean to Paleoproterozoic sojourns

Chamberlain, K.R., University of Wyoming, 1000 University Ave., Laramie, WY 82081, USA, kchamber@uwyo.
edu, Kilian, T., Department of Earth and Planetary Sciences, University of California, Berkeley, Berkeley, CA
94720, USA, Bleeker, W., Geological Survey Canada, 601 Booth St, Ottawa, ON KIA OES, Bekker, A., De-
partment of Earth Sciences, 408 Geology Building, University of California, Riverside, Riverside, CA 92521,
USA, Evans, D.A.D., Department of Geology and Geophysics, Yale University, 210 Whitney Avenue, New Ha-
ven, CT 06520, USA

Direct U-Pb dating of deformation coupled to paleomagnetic data from Archean and Proterozoic dyke swarms
has established that southern Wyoming and southern Superior cratons sutured ca. 2.65 Ga along the Oregon
Trail structural belt (OTSB) in central Wyoming and remained connected until ca. 2.1 Ga rifting. Wyoming
was likely part of a much larger, high-p craton, and this collision was a key step in formation of the supercraton
Superia-Vaalbara. Superia-Vaalbara migrated to the equator by 2.45 Ga, and was intruded by a series of LIPs,
which contributed to several Paleoproterozoic glaciations and oscillations in the atmospheric redox state at the
early stage of the Great Oxidation Event between 2.43 and 2.24 Ga. In this reconstruction, the Huronian Super-
group, deposited along the southern margin of the Superior craton, and the Snowy Pass Supergroup, deposited
along the southeastern margin of the Wyoming craton, were conjugate and coeval. Breakup of Superia-Vaal-
bara involved multiple rifts from 2.3 to 2.0 Ga and possibly the first separation of the high-u cratons: Pilbara,
Kaapvaal, Wyoming, Hearne, and Kola-Karelia. Rifting of Wyoming and Superior occurred ~100 km south

of the OTSB suture, leaving the Southern Accreted terrane (SAT) attached to the Wyoming craton. The SAT
has geological, geophysical and isotopic affinity with the Superior craton. By 1.90 Ga, Wyoming and Superior
cratons were ~60° apart in longitude at mid-latitudes on the basis of the simplest drift paths and data from the
Sourdough dike swarm. The Wyoming craton joined Laurentia by reconnecting with the Superior craton along
the Wyoming craton’s eastern margin ca. 1.72 Ga based on tectonic histories of the Hartville Uplift, in SE Wyo-
ming and Black Hills, in South Dakota.
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An Eifelian-Givetian (Devonian) drowning event followed by black-shale deposition in the
Mackenzie Corridor (N.W.T.): Multi-proxy characterization

Chan, W.C., University of Calgary, University Drive, Calgary, AB T2N IN4, wingchuen.chan(@canada.ca, Ka-
banov, P., and Gouwy, S., Geological Survey of Canada, 3303 33 St NW, Calgary, AB T2L 2A7

The Givetian-Frasnian Horn River Group (HRG), along with its basal Bluefish Member, represents a significant
economic unit within the Mackenzie Valley of the Northwest Territories. It sharply overlies the carbonates of
the Middle Devonian Hume Formation, where the Bluefish Member forms a 10 to 25 m thick black bitumi-
nous shale at the base of the Hare Indian Formation. The Bluefish Member also contains local argillaceous
limestones at the base, and thin (0.1-10mm) limestone laminae composed of dacryoconarid tentaculitids occur
throughout with greater abundance in the lower half. The upper half contains abundant organic walled acri-
tarchs. As a whole, the Horn River Group has excellent source rock potential based on TOC with thermal matu-
rity mostly occurring in gas window. Within the Bluefish, mean TOC ranges between 1.50-7.97wt.% based on
42 wells and surface sections.

The change from the carbonate ramp system of the Hume Formation to anoxic marine deposits of the Bluefish
Member can be identified through multi-proxy analysis. Molybdenum, copper, and nickel normalized to TOC
show patterns that suggest an abrupt change from a relatively restricted basin during deposition of the Hume
Formation, to a sudden increase in nutrient flux within the Bluefish Member. The HRG and Hume bound-

ary also represents a change from highly oxic waters to euxinic conditions, shown by excess Mo and V. Three
geochemical packages are recognized within the Bluefish Member: highly anoxic/euxinic conditions at the
base, sharply overlain by more oxygenated conditions, overlain by another anoxic event. These packages can
be correlated to gamma ray logs, showing similar cyclic behaviors. Combining this data with TOC/P, where
ratios also increase from the Hume Formation to Bluefish Member, suggests either a drop in oxygen level in
surface waters (unlikely), or an overall deepening where oxygen is not circulated to depth. The deepening event
interpretation may be associated with the global Ka¢ak episode, pending conodont biostratigraphic constraints.
Because three distinct packages are seen within gamma logs, geochemical data, and measured core and outcrop
sections, a new subdivision of the Bluefish Member is proposed.

This work is a contribution to the Devonian stratigraphic framework study of the Mackenzie Project of GEM
(Geomapping for Energy and Minerals) Program.
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Two gold mineralisation events east of Matheson, Ontario

Chappell, .M., ichappell@laurentian.ca, Lafrance, B., blafrance@laurentian.ca, and Kotak, D.J., dkontak@
laurentian.ca, Laurentian University, 935 Ramsey Lake Road Sudbury, ON P3E 2C6

The Porcupine-Destor deformation zone (PDDZ) is one of two major gold-bearing deformation corridors in

the southern Archean Abitibi greenstone belt. Several gold deposits are spatially associated with the PDDZ,
including the Black Fox, Grey Fox and Hislop deposits near Matheson in Ontario. These deposits are located
within or south of the PDDZ, and they are hosted by mafic and ultramafic metavolcanic rocks of the Tisdale
assemblage (2710-2704 Ma) and sandstone and conglomerate of the Timiskaming assemblage (2677-2670

Ma). The deformation history of the area began with tilting and steepening of the Tisdale assemblage during

a D, deformation event prior to the deposition of the Timiskaming assemblage. The PDDZ formed during a

D, deformation event as the regional strain and south-over-north shearing became localized along the mafic and
ultramafic rock of the Tisdale assemblage, resulting in a strong penetrative fabric (S,) with a down-dip stretch-
ing lineation (L,). Continued south-over-north shearing during the same deformation event produced tight to
isoclinal drag folds (F,) with axial-planar cleavage (S,), and localized narrow shear zones. The PDDZ was later
reactivated as a dextral shear zone during a late D, deformation event, which resulted in the formation of open
to tight, Z-shaped, NE-striking F, folds with an axial-planar (S,) cleavage.

The deposits represent distinct types of quartz-gold vein systems. The Grey Fox and Hislop deposits are lo-
cated south of PDDZ and consist of gold-bearing quartz-carbonate veins with crustiform texture, hosted within
weakly deformed Tisdale metavolcanic rocks and Timiskaming sandstone. These veins are deformed along the
PDDZ, suggesting that this early quartz-gold vein system formed prior to the development of the PDDZ. The
Black Fox deposit formed during shearing along the PDDZ. It consists of fault-fill and extensional quartz-car-
bonate veins that were folded by F, drag folds and boudinaged parallel to S, and S,. The Black Fox, Grey Fox
and Hislop deposits are excellent examples of two distinct but spatially associated styles of gold mineralisation.
Vein textures at the Grey Fox and Hislop deposits suggest that the deposits formed at shallow crustal level, were
buried, and a new ore system, the Black Fox deposit, formed at mid-crustal during shearing along the PDDZ.
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Multielement geochemical anomalies of till related to porphyry Cu deposits in southcen-
tral British Columbia, Canada

Chen, S., schenl62@uottawa.ca, Hattori, K., University of Ottawa, 25 Templeton Street, Ottawa, ON KIN 6N35,
and Plouffe, A., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES

The Bonaparte Lake area in south central British Columbia is less than 50 km from the Highland Valley Cop-
per, Gibraltar, and Mount Polley, and Woodjam deposits. The area also contains several showings of Au, Cu,
Mo, Ag, Zn, Pb, Ni, Cr deposits. The study area is underlain by Mesozoic rocks of Quesnel Terrane includ-

ing Nicola volcanic rocks and granitic intrusions. Two phases of ice flow occurred in the Bonaparte Lake area
during the last glaciation. A first phase during ice advance towards the west to southwest and a second phase
generally to the south which occurred at glacial maximum. Nearly continuous cover of thick glacial sediments
pose difficulty to mineral exploration in the area. Principal component analysis (PCA) is conducted to the data
of aqua regia leach of clay fractions (< 2 um) of till to assess the elemental assemblages related to the porphyry-
type mineralization and evaluate the mineral potential of the area. The PCA captures two element association
with Cu; Cu-Au-Mo-Ag-As-Hg-Pb-Sb, accounting for 32.3% of the total Cu variance) in PC2, and Cu-Cr-V-As
(accounting for 16.8% of the total Cu variance) in PC3. The interpolation maps and hot spot analysis (Getis-
Ord Gi*) of PC2 and PC3 show that multielement anomalies occur close to buried granitic rocks. PC2 mapping
also indicates that there is a potential for porphyry Cu mineralization in the areas close to the Raft Batholith and
Thuya Batholith, located in northeast and central part of the study area. This study shows that the multivari-

ate analysis is able to capture the elements associated with Cu mineralization in glacial sediments and delineate
potential prospective areas.
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Multivariate statistical identification of sandstones affected by uraniferous hydrothermal
activity, Athabasca Basin, Canada

Chen, S., schenl62@uottawa.ca, Hattori, K., University of Ottawa, Ottawa, ON KIN 6N5, and Grunsky, E.C.,
University of Waterloo, Waterloo, ON N2L 3Gl

Many unconformity-type U deposits in the Athabasca Basin occur along the unconformity between sandstones
and the crystalline basement. Principal component analysis (PCA) of the lithogeochemistry of sandstones (n
= 6305) from the Denison Mines’ Wheeler River property shows that U is positively associated with Y+Cu+
Zn+Nat+W+Co+Ni+B+Mg+HREEs+Cr+Sc+Mo+V+LREEs due to hydrothermal alteration associated with U
mineralization. In contrast, PCA of the regional sandstones (n = 2175) in the Athabasca Basin shows that U

is positively associated with Th+Ti+Zr+Hf. This elemental assemblage suggests that detrital heavy minerals
are the main hosts of U. Additional PCA was conducted to the subset of elements associated with U. Analysis
of variance was used to determine 8 PCs that have good discriminating ability. Random Forest Classification
(RFC) of the 8 PCs shows three groups of sandstones with high accuracy (94.6%) of discrimination; Group |
(above the Phoenix ore), Group II (in the Wheeler River property excluding the sandstones above the ore) and
Group III (regional background sandstones in the Basin). Several sandstones of the Wheeler River property are
classified into Group I, suggesting that these samples even far (> 200 m) from the ore are cryptically altered to
have similar composition as those above the ore. This study shows that PCA and RFC identify elemental as-
semblages associated with U and cryptically altered sandstones. The information can be useful in exploration
for deeply buried U deposits elsewhere in the Athabasca Basin.
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Keynote (40 min): High-resolution multilevel-monitoring systems: Key to understanding
groundwater systems

Cherry, J.A., cherryj@g360group.org, and Parker, B.L., bparker@g360group.org, University of Guelph, 50
Stone Rd East, Guelph, ON NIG 2W1

Hydrogeology is a good general term for groundwater science because it points to the importance of geology
and hydrology in combination. In the quest for better understanding of groundwater systems, the importance

of geology has been long recognized, although often not done well in the normal hydrogeology practice, but
what needs to be done to inform the hydrologic part has lagged. There has been weakness in the integration of
geology into the groundwater flow system context because of lack of recognition of what geologic information
is most important to groundwater flow, travel time and water chemistry. The methods that enable most progress
on this path involve use of depth-discrete, multilevel-monitoring systems (MLSs), which provide hydraulic head
and water chemistry from many different levels (eg 10-30 levels) in each drill hole. This can be done at low
cost per level but higher cost per monitoring location relative to a few conventional wells per location, however
a cluster of a few wells generally cannot discern important features of the system. Therefore the issue should
not be one of total cost per well nest if these nests are not capable of discerning parts of what is most important.
The MLS technologies and understanding for their use has advanced markedly over the past decade. This talk
summarizes MLS systems, provides examples of how MLS data sets inform the importance of geologic features
and presents a plan for how MLSs can be used in very high resolution mode to advance understanding of the
hydrogeology of the Oak Ridges Moraine beginning with a demonstration site in Clarington Municipality near
Oshawa, Ontario.
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Extreme compositional variation of feldspar in the Skaergaard Intrusion

Cho, J.0., jcho@eoas.ubc.ca, Scoates, J.S., and Weis, D., Pacific Centre for Isotopic and Geochemical Re-
search, Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2020-2207
Main Mall, Vancouver, BC V6T 174

The ~56 Ma Skaergaard intrusion is one of a number of mafic layered intrusions that are related to formation of
the East Greenland flood basalt province and opening of the North Atlantic Ocean. The Skaergaard intrusion,
the model example for evaluating crystallization processes and Fe-enrichment in a closed-system layered intru-
sion, provides valuable insight into the evolution of a sub-volcanic magma reservoir to a large igneous prov-
ince. A new comprehensive set of feldspar compositions from the Skaergaard intrusion, including primocrysts,
symplectites, and feldspars from three types of late-crystallized melt pockets (plagioclase-quartz granophyres,
orthoclase-quartz granophyres, and polycrystalline “granitic” pockets with two feldspars) is presented. Feld-
spars were analyzed by electronprobe microanalysis (EPMA) from the Layered Series (LS; floor cumulates) and
Marginal Border Series (MBS; wall cumulates) and the results span nearly the complete range of permissible
ternary feldspar compositions. Plagioclase primocrysts (An., ) record four types of zoning patterns, includ-
ing (1) normal zoning in the LS and MBS, (2) unzoned crystals in the upper part of the LS and MBS, (3) rare
reverse zoning, which is found only in the lower part of the LS, and (4) zoning with a mantle of decreasing An-
content and a rim buffered to constant composition in the LS (Lower and Middle zones) and MBS. Plagioclase
in the symplectites, which are late-stage reactive microstructures, is Ca-rich (An,, ), whereas feldspar in the
granophyres is distinctly Na-rich (predominantly albite-oligoclase) or K-rich (orthoclase). Interstitial poly-
crystalline pockets (up to 4 mm in diameter) from the Upper Zone and outermost portions of the MBS contain
feldspar + quartz + apatite + pyroxenes + Fe-Ti oxides biotite rutile zircon. These highly evolved and incom-
patible element-enriched melt pockets contain two finely intergrown feldspars, one Na-rich and the other span-
ning the entire range of alkali feldspar compositions. The presence of these different Si-Na-K-rich intergrowths
throughout the Skaergaard intrusion is the result of a diverse array of processes that operated at sub-liquidus

to near-solidus conditions in a consolidating crystal mush (e.g., residual melt fractionation, liquid immiscibil-
ity). The EPMA results serve as a guide for trace element and lead isotope analyses of Skaergaard feldspar by
laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS). These spatially controlled in situ
compositions will be used to evaluate the effects of crustal assimilation and the mantle source of the Skaergaard
magma with genetic links to the East Greenland flood basalts and evolution of the North Atlantic Igneous Prov-
ince.
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An integrated fluid inclusion and SIMS BISOqHam study of a Meguma quartz vein sample
reveals hidden complexities in orogenic gold settings

Choquette, B.G., Kontak, D.J., Harquail School of Earth Sciences at Laurentian University, Sudbury, ON P3E
2C6, bchoquette@laurentian.ca, and Fayek, M., Department of Geological Sciences, University of Manitoba,
Winnipeg, MB R3T 2N2

Integrated fluid inclusion (FI) and O isotopic studies provide insight into the PTX conditions of ore deposit
formation. When such data are combined with additional relevant information (e.g., deposit geology, mineral-
ogy, mineral chemistry) a better understanding of ore deposit processes is possible. This study uses data from
a single bedding parallel vein sample in an orogenic vein setting, the Caribou deposit in the Meguma terrane
of Nova Scotia where host rocks were deformed and metamorphosed (greenschist facies) during late Devonian
orogenesis. The sample was characterized using CL, microthermometry and evaporate mound analyses of FIs,
and in situ SIMS for 6180qum. The CL images vary from bright to dull and correspond to areas free of or inun-
dated with FIs, respectively; all inclusions are thus considered of secondary origin. Type 1 inclusions dominate
and are H,0-CO, with X(CO,) ~0.03-0.15, 3-5 wt. % eq. NaCl and have X(CH,) <0.10. Type 2 inclusions are
much less abundant and are three phase L-V-Halite type with salinities of 29 wt. % eq. NaCl and Th values of
150°C. Type 3 inclusions are also rare and are CO,-rich (i.e., <5% H,O by volume). Significantly macro-size
(>100 um) type 1 inclusions are commonly decrepitated with haloes of neonate inclusions; these inclusions are
attributed to changing P, .. SEM-EDS analysis of evaporate mounds (n=260) in several quartz chips indicate
three fluid types are present: 1) Na-rich with <10 wt. % SCa+K; 2) Na-K with 10 to 40 wt. % K and >5 wt.

% Ca; and 3) a Na-Ca with 10-60 wt. % Ca and <10 wt. % K. Whereas type 1 fluid equates to the Na and
Na-K mounds, type 2 fluid equates to the Na-Ca-(K) mounds. Results for 19 8180qua ., analyses in one quartz
chip indicate a range from 9.1 to 15.1%o (avg. = 12.3 + 1.7 (15)). As no relationship is noted for data in clear
versus dull CL zones, the data are considered to reflect primary values. Whereas changing temperature and/or
fluid mixing during vein formation are possible scenarios for the data, neither is considered viable based on the
Fl data. Instead, it is suggested that "*O,,, changed due to quartz crystallizing in a closed system from a vein
fluid with a 6"*0,,, value ~15%o, as is typical of metamorphic fluids. The study shows the detailed work re-
quired to unravel the complexities of orogenic veins and reveals these systems are more complex than generally
considered.
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Re-examining the emplacement of the J-M Reef in the Stillwater Complex

Chrzastowski, K.B., konrad.chrzastowski@mail.utoronto.ca, and Mungall, J.E., Dept of Earth Sciences, Uni-
versity of Toronto, 22 Russell St, Toronto, ON M5S 3B1

Layered mafic intrusions exhibit great exposures of rarely seen magmatic systems and host most of the worlds
Ni, Cr and Platinum Group Element (PGE) deposits. Although the exact mechanism of formation has been
debated, the concept of a layered younging upward sequence that was formed by crystal settling is widely ac-
cepted as the process by which these large mafic bodies form. The Stillwater Complex located in south-central
Montana is a classic example of a layered mafic intrusion and hosts a major platinum-palladium deposit, the
J-M Reef. Based on recent high precision dates of the Stillwater and Bushveld Complexes, another model has
been suggested; subsequent lateral out of sequence sill emplacement into previously existing mafic cumulates.
Here we present petrographic and lithogeochemical observations to test the idea that the J-M reef might be an
ultramafic sill emplaced into older norites, gabbronorites, and anorthosites of the Lower Banded Series. Com-
parison of numerous exploration borehole logs offers inconclusive evidence for discordant upper contacts on the
J-M Reef as lithological continuity is very poor, even between holes <10m apart. Dispersal of PGE mineraliza-
tion outside the main olivine-bearing unit hinders correlation. AlphaMELTS modelling shows that gabbronorite
cumulates leave anorthositic restite when melted to high degrees at temperatures of 1260 C. We suggest that
above and below the contact anorthosite with increasing distance, less melting will occur ranging in composi-
tion up to the original gabbro wall rock. The model very closely mirrors lithogecochemical data for observed
norite and anorthosite, implying it is possible that partially melted cumulate norite could generate anorthosite
by injection of hot ultramafic sills. We are pursuing a variety of strategies to explore whether this model can be
applied to the Stillwater Complex as has been done for other Layered Mafic Intrusions.
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The Davis Strait BLIP: A retrospective reconciliation of igneous petrogenesis and plate
tectonics

Clarke, D.B., Dalhousie University, Halifax, NS B3H 4R2, clarke@dal.ca

Within a short time span of 1-2 my in the Paleocene, and coeval with the onset of sea-floor spreading in the
Labrador Sea, massive outpourings of uniquely depleted picritic tholeiites produced the Davis Strait BLIP
(Baby Large Igneous Province). Petrogenetically, the chemical characteristics of these picrites (MgO = 18-21
wt. %; KO =0.01-0.20 wt. %; ¥’Sr/*Sri = 0.7030; eNd, = +5.2-8.6; *He/*He < 49.5RA) demand only derivation
by partial melting of highly depleted mantle and rapid ascent to the surface, but do not necessarily require high
temperatures or high degrees of partial melting. Tectonically, the Davis Strait BLIP clearly lies horizontally at
the intersection of the Labrador Sea spreading axis and the Ungava Fault Zone or the Hudson Fracture Zone,
and possibly also vertically with a deep mantle plume. Reconciling the unique petrogenetic constraints to pro-
duce the picrites, and the various tectonic elements to produce excess volcanism, continues to be the challenge.
In broad terms, the Davis Strait BLIP appears to be a compositionally and volumetrically anomalous continua-
tion of the Mesozoic magmatic activity in SW Greenland and Labrador. The particular geometric configuration
of plates in this region (ridge-transform intersection) may have enhanced decompression melting in the depleted
subcontinental lithospheric mantle. In this case, the depleted mantle source, the absence of any requirement
for excess heat, and the absence of any pre-volcanic crustal uplift, appear to negate the involvement of a deep
mantle plume. The Davis Strait BLIP failed to reach full LIP maturity because sea-floor spreading along the
Labrador Sea - Baffin Bay axis yielded to more aggressive opening in the northeastern Atlantic Ocean.
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Detrital geochronology of the Laguiche Complex in the Opinaca: Constraints on the prov-
enance and tectonic setting of a metasedimentary subprovince of the Superior craton

Cleven, N.R., nathan.cleven.l@ulaval.ca, Guilmette, C., Université Laval, Département de géologie et de génie
géologique, pavillon Adrien-Pouliot 1065, av. de la Médecine, Québec, QC G1V 046, Goutier, J., Ministere de
I’Energie et des Ressources naturelles du Québec, and Davis, D.W., University of Toronto, Department of Earth
Sciences, 22 Russell St., Toronto, ON M5S 3B1

Metasedimentary subprovinces within the Superior craton occur mostly as linear belts separating volcano-plu-
tonic subprovinces. They are important features, as stages of their development mark major tectonic events.
We present detrital zircon geochronology from the Opinaca metasedimentary subprovince and the La Grande
volcano-plutonic subprovince, to characterize events surrounding their formation. Five paragneiss samples
from the Laguiche Complex in the Opinaca provide zircon ages from ca. 2695 Ma to 3385 Ma, including one
major component peak at ca. 2715 Ma, and two minor peaks at ca. 2760 and 2835 Ma. Scant zircon ages at

ca. 2950 and 3340 Ma provide evidence of older sources. Two paragneiss samples from the Riviére Salomon
formation in the La Grande provide similar detrital zircon age distributions, yet no Paleoarchean ages. As the
two metasedimentary units are contiguous and have statistically comparable zircon age populations, we inter-
pret that they share a provenance. Their age distributions are consistent with a provenance in the La Grande
and Minto subprovinces, although the major peak age is common throughout the Superior. This suggests the
Opinaca is not an exotic accreted terrane. Basin formation is constrained to between 2696 and 2670 Ma by the
thirteen youngest zircon grains (lower constraint, 2692 + 4 Ma) and a granodiorite cross-cutting the regional
foliation in the Laguiche (upper constraint, 2678 + 8 Ma). The short time span between the youngest detrital
zircon and its deposition, and the large proportion of young zircon grains in the age distributions, would be con-
sidered the signature of an active convergent margin, in the context of modern tectonic environments. However,
formation of the Opinaca post-dates regional igneous activity and it cannot have formed in an active convergent
margin. The tectonic environment of the Laguiche basin of the Opinaca may be unique to the Superior Prov-
ince. The Laguiche contains very rare pillow basalt, volcanic and iron formation units within the margins of the
basin, and recent mapping suggests it may overlie thinned orthogneiss, similar to the Riviére Salomon forma-
tion. This evidence suggests that the environment of deposition was extensional. However, unlike a modern
rift environment the basins formed immediately succeeding the final stages of a massive plutonic event, thus
providing the high proportion of detrital zircon ages scarcely older than the age of deposition. The subsequent
rapid development of convergent tectonometamorphism is common to all of the metasedimentary subprovinces,
yet may not universally be the mechanism for initial basin subsidence.
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Paleozoic arcs with offset age distributions indicate successive accretion in the southern
Central Asian Orogenic Belt, NW China

Cleven, N.R., ncleven@uwaterloo.ca, Lin, S., Department of Earth and Environmental Sciences, University of
Waterloo, 200 University Avenue West, Waterloo, ON N2L 3G1, Xiao, W., State Key Laboratory of Lithospheric
Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China, Davis,
D.W., Department of Earth Sciences, University of Toronto, 22 Russell Street, Toronto, ON M5S 3B1, and Da-
vis, W.J., Geological Survey of Canada, 601 Booth Street, Ottawa, ON KI1A OES

The detrital zircon geochronological record of Permo-Triassic clastic rocks of the Beishan segment of the
southern Central Asian Orogenic Belt indicates a pattern of cyclical, successive Paleozoic accretion events.
Comparison of detrital zircon age spectra representative of two arc terranes reveals similar age patterns offset
by 30-40 million years. The detrital samples with a provenance interpreted as the southern arc terrane indicate
magmatic peaks at 275, 370 and 430 Ma, and include a 50 m.y. hiatus from 350-300 Ma. Samples with a prov-
enance interpreted as the northern arc terrane exhibit a similar pattern that has consistently earlier component
peaks at 310, 400 and 445 Ma with a 40 m.y. hiatus from 380-340 Ma. This illustrates that both subduction
initiation and oceanic crust consumption developed successively between terranes. Subduction progressed until
Silurian—Devonian sequential accretion of the arcs along separate sutures. Detrital geochronology of accreted
sediments (single peak at 445 Ma) within the northern suture, with coincident tuff and pillow basalt U-Pb zircon
ages (409 + 2.9 and 416.6 = 15.0 Ma, respectively), may redefine a principal amalgamation phase as Devonian,
over previous Carboniferous—Permian interpreted ages. Initiation and cessation of arc magmatism correlates
with regional phases of ophiolite generation and emplacement, respectively. This supports regional models that
ophiolite belts in the Central Asian Orogenic Belt correlate with suture zones that were developed from multiple
contemporaneous subduction systems between arcs. We explore whether a pericratonic archipelago of crustal
slivers around the Tarim craton may have initiated successive arc formation.
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Matachewan LIP revisited: A revised, high-resolution U-Pb age for the East Bull Lake
intrusion and associated units

Clough, C.E., cassandra.clough@mail.utoronto.ca, and Hamilton, M.A., Department of Earth Sciences, Uni-
versity of Toronto, 22 Russell St., Toronto, ON M5S 3B1

A suite of Paleoproterozoic intrusions, collectively referred to as the East Bull Lake intrusive suite (EBLI), oc-
cur in a broadly E-W trending belt between Elliot Lake and River Valley, Ontario, near the boundary between
the southernmost exposures of Archean Superior craton and the rift/passive margin sequence of the Huronian
Supergroup (Southern Province). Many workers consider that the EBLI suite represents an early plutonic com-
ponent of bimodal magmatism driven by the impingement of a mantle plume on a supercontinent precursor (Su-
peria) during the earliest Paleoproterozoic — an event that led to rifting and eruption of bimodal volcanics, intru-
sion of mafic (Matachewan) dykes into the continental interior (failed rift system), opening of an ocean south
of Superior craton and development ultimately of a south-facing passive margin sequence (younger Huronian
sediments). Collectively, these magmatic components define the Matachewan Large Igneous Province (LIP).

A benchmark early ID-TIMS U-Pb study by Krogh et al. (1984) using air abrasion techniques on zircon, and
analyses of baddeleyite, was carried out on an olivine gabbronorite of the East Bull Lake layered intrusion, west
of Sudbury. Although model *’Pb/?*Pb ages for three multigrain fractions ranged from 2470.0 — 2476.0 Ma,
the variably discordant data were regressed through a highly discordant point from another intrusion (Agnew
intrusion) to yield a preferred upper intercept age of 2480 +10/-5 Ma. These workers also determined an age for
the adjacent and likely associated Agnew (Shakespeare-Dunlop) intrusion based upon highly discordant zircon
data, suggesting a precise result at 2491 £ 5 Ma. The other large EBLI body - the River Valley pluton - has
yielded a U-Pb age (ID-TIMS; zircon, baddeleyite) of 2475 +2/-1 Ma (Heaman, in Easton et al., 1999). Recent
high precision geochronology from other Matachewan LIP components (e.g. Matachewan dykes, Copper Cliff
and Thessalon volcanics, Creighton granite) has collapsed originally broad spans in apparent ages to a much
narrower range. Here, we present the first new results for the East Bull Lake intrusion, reinvestigating the origi-
nal Krogh study separates, using chemical abrasion pretreatment techniques. Data for three single grain zircon
fractions and one air-abraded baddeleyite fraction are concordant and yield a weighted mean 2’Pb/?*Pb age of
2472.2 +£ 0.8 Ma (within error of the River Valley age), a robust age for igneous crystallization of this intrusion.
We consequently view the previous ages for East Bull Lake and Agnew intrusions (and similar datasets) with
skepticism, and urge caution in relying on their accuracy.
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Geochemistry and isotopic character of Precambrian granitoid suites across the Nolan-
Zemlak domain boundary, west-southwest Rae craton: Testing the possibility of a cryptic
internal suture zone

Cloutier, M., Bethune, K.M., Dept. of Geology, University of Regina, 3737 Wascana Parkway, Regina, SK S4S
042, and Ashton, K.E., Saskatchewan Ministry of the Economy, Saskatchewan Geological Survey, 1000-2103
11™ Avenue, Regina, SK S4P 378

The Nolan-Zemlak domain boundary in Saskatchewan, a high-strain zone in the WSW Rae craton, has been
proposed to represent a cryptic Arrowsmith-related suture marking collision between a ‘proto-Rae’ craton,
characterized by ~2.6 Ga granitoids of the Nolan domain to the north and an older continental block underlying
the Zemlak-Beaverlodge domains to the south comprising ~3.0 Ga granitoids and two distinctive early Paleo-
proterozoic suites (~2.5, ~2.3 Ga). A regional-scale geochemical-isotopic study aims to constrain the igne-

ous petrogenesis of suites across this boundary and test this hypothesis. The oldest (~3.0 Ga) granitoid rocks,
located within Beaverlodge domain, have arc-like geochemical signatures, TDMs older than 3.0 Ga and slightly
positive ENd, values. The Nolan domain, immediately north of the boundary, contains weakly deformed, ~2.6
Ga Bt-Hbl-bearing granite-granodiorites with arc-like characteristics, TDMs ranging from 2.89 to 2.83 Ga and
slightly positive ENd, values. The Nolan domain granitoids show a progressive southward increase in strain and
are in abrupt contact, along a major mylonite zone, with a distinctive unit of highly magnetic Hbl-Bt gneissic
granodiorites of the Zemlak domain, dated at 2517 + 4 Ma. This rock type and similarly-aged quartz diorite to
the east have arc-like geochemistry but are distinct from both the ~3.0 Ga and ~2.6 Ga (Nolan) granites with,
low Th, TDMs from 2.96-2.86 Ga and slightly negative ENd values. The ~2.3 Ga granites are restricted to the
Zemlak and Beaverlodge domains, and have syn- to post-collisional geochemical affinity with more highly neg-
ative eNd, values (with TDMs of 3.06-2.87 Ga). The youngest suite of ~1.9 Ga anatectic leucogranites intrudes
all older rocks and stitches the Nolan-Zemlak boundary; it yielded the most highly negative eNd values and
TDMs of 3.31-2.84 Ga. A large body of ultramafic-mafic (pyroxenite-gabbro) entrained within mylonitic rocks
along the Nolan-Zemlak boundary is relatively highly fractionated, has a TDM of 2.83 Ga and an ENd, value of
+0.3 calculated at 2.52 Ga.

In summary, the ~2.6 Ga (Nolan) and ~3.0 Ga suites show the most juvenile ENd, values, and hence lowest
degrees of crustal influence, which might be expected of terranes originally generated as independent crustal
blocks. The younger ~2.5 to ~1.9 Ga granitoids show increased crustal involvement, with dramatic increases
for the 2.3 Ga and ~1.9 Ga suites. This boundary separating the ~2.6 Ga and ~2.5 Ga suites may represent an
Arrowsmith-age suture or, the ~2.5 Ga Zemlak may have been locally emplaced and related to more distal sub-
duction.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 66



Carbon isotope evolution within an Ediacaran mixed deep-marine continental slope sys-
tem, Windermere Supergroup, Canadian Cordillera, British Columbia

Cochrane, D.J.W., dcoch066@uottawa.ca, Armott, R.W.C., and Navarro, L., University of Ottawa, Department
of Earth Sciences, Ottawa, ON KIN 6N5

The 160-260 m-thick first Isaac carbonate (FIC) of the Neoproterozoic Windermere Supergroup is a mixed
siliciclastic-carbonate unit in an otherwise siliciclastic dominated deep-water turbidite system in the southern
Canadian Cordillera. Superbly exposed, steeply-dipping strata at the Castle Creek (CC), and Milk River (MR)
study areas, separated by ~20 km, provide an excellent opportunity to analyze the long-term stratigraphic and
geochemical trends in an ancient mixed deep-marine system and evaluate how fluctuations in climate, sea-level
and ocean chemistry influenced siliciclastic sediment supply and the development and stability of a carbonate
platform.

This study is the first to use chemostratigraphy to correlate base-of-slope strata between the two study areas.
Detailed logging and mapping shows that the FIC accumulated during a long-term rise of relative sea-level
represented by three areally extensive Dm-thick units of fine-grained calciturbidites with intercalated calcide-
brites sourced from highstand shedding off a shallow-water carbonate platform. Superimposed on this trend
are shorter-term episodes of lower relative sea-level marked by ~10-25 m-thick channel complexes filled with
amalgamated, carbonate-cemented, coarse-grained sandstone and mud-rich, thin-bedded turbidites deposited on
the adjacent levees. The FIC is truncated at its top by a sequence boundary and a thick succession of siliciclas-
tic leveed-channel complexes.

Over 200 samples were collected for 6"°C_ , from carbonate rich intervals in the FIC. Primary carbonate ce-
ments were first identified in thin section and later confirmed using cathodoluminescence. 6"°C_ is positive
throughout much of the FIC (0.6-4.1%o) but shows a marked decrease (~-4%o) at the base of each calciturbidite
horizon. A lowering of 8"°C_, likely reflects increased shallow-water productivity, which in turn modified

the pool of deep-water dissolved inorganic carbon (DIC). In the two lower calciturbidite units (CT1 and CT2)
6"C_ , quickly rebounded to positive values, suggesting that the disturbance was only short-lived. In contrast,
6"°C_, in calciturbidite 3 (CT3) remains negative for several metres above its base and then is truncated on its
top by a >100 m thick siliciclastic channel complex, representing a major regression that terminated carbon-
ate production and sedimentation. The maintenance of elevated productivity during CT3 deposition might be
related to increased river-borne nutrient supply during regression, oceanographic conditions and/or bathymetry
that sustained deep-water upwelling, and/or lowered rates of eustatic change that, unlike during CT1 and CT2,
maintained shallow water bathymetry for longer.
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Contractional deformation in Yukon Tanana terrane recorded by the Yukon River Thrust

Coleman, M.J.!, colemanmarco@gmail.com, Parsons, A.J.2, Gibson, H.D.!, Ryan, J.J.2, and Larson,
K.P:3, 'Simon Fraser University, Burnaby, BC,; *Geological Survey of Canada, Vancouver, BC; *University of
British Columbia Okanagan, Kelowna, BC

The pericratonic Yukon-Tanana terrane (YTT) exhibits a complex and enigmatic history of extension, arc mag-
matism and deformation associated with its separation and re-accretion to the western North American margin
by early Mesozoic time. The Yukon River Thrust (YRT) is a ductile shear zone between pre-Late Devonian
siliclastic rocks of the Snowcap assemblage of YTT and Mississippian Simpson Range suite orthogneiss; the
character and timing of this shear zone heretofore represented a poorly understood episode of deformation in the
Mesozoic history of YTT.

Data were determined from field observations and measurements combined with petrographic analysis on ori-
ented thin sections cut in the XZ, XY and YZ principal planes of finite strain. In addition, fabric analysis was
undertaken to acquire quartz crystallographic preferred orientation (CPO) fabrics. Field observations support
a reverse sense of movement on the YRT that resulted in thrust duplexing of the Snowcap assemblage of the
YTT. Kinematic information obtained from structural analysis of field measurements and quartz CPO fabrics
indicate a southeast direction of thrusting of Simpson Range orthogneiss overtop of the Snowcap assemblage.
Deformation is concentrated within the Snowcap assemblage, attributed to its lower rheological strength, which
produced multiple strong CPO fabrics. In contrast, poly-minerallic Simpson Range samples failed to produce
viable CPO fabrics. The presence of garnet, kyanite, staurolite, biotite and muscovite in Snowcap rocks and
open angle thermometry based on the quartz CPO fabrics suggest the YRT was a mid-crustal shear zone with
deformation occurring at 550° + 50° C. A standard geothermal gradient of 25° C/km indicates depths of 22 + 2
km.

Geologic relationships can provide some first order constraints on the timing of the YRT. Rocks in the hang-
ing wall exhibit Early Jurassic to Permo-Triassic peak metamorphic ages related to crustal thickening under
conditions of 7.5-9 kbar and 600-680° C corresponding to ~25-30 km depth according to a standard lithostatic
gradient. Deformation recorded by the YRT may correspond to the later stages of this event as temperatures de-
creased towards 550° C. The presence of Late Triassic Pyroxene Mountain suite plutonic rocks in the hanging
wall that are not present in the footwall suggests the YRT was active post-Late Triassic. Temperatures indicated
by open angle thermometry were uniform across the YRT; the absence of a lower temperature overprint sug-
gests deformation along the YRT may have ceased prior to mid-Jurassic uplift and exhumation as indicated by
K-Ar and 40Ar/39Ar cooling ages in this area.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 68



William E. Logan and the Geological Survey of Canada

Coté, P, Bureau, J-F., Nadeau, L. and Jacob, N., Geological Survey of Canada, GSC-Québec, 490, rue de la
Couronne, Québec, QC GIK 949, pascale.cote@canada.ca

The Logan poster is an initiative of the Québec division of the Geological Survey of Canada (GSC-Québec). It
is aimed at the general public and housed in a window display on the building, located a few steps away from
the Logan fault. The poster is complemented by a Powerpoint presentation displaying historical photos from
the GSC collection. Both the poster and the Powerpoint presentation present a historical perspective of the GSC
in line with the 175" anniversary (1842-2017). NRCan’s Communications group developed a graphic concept
that combines past and present visuals in a 175" signature including the GSC anniversary banner. The text is

in both French and English and the poster has been made available to other GSC locations across the country
by eliminating local geographic references pertaining to Logan’s fieldwork in the Québec City area. Below

are some Logan facts of interest. 1) The beginnings: Logan founded the GSC on April 14, 1842 in Montréal,
where it was run until 1881, before moving to Ottawa, the new national capital; 2) In search of coal: Logan
began his explorations in Gaspésie and in Nova Scotia in 1843, in search of coal, which was considered an
essential energy source for industrial revolution and economic growth. Despite determining that there was no
coal in the area, he located and identified numerous sources of commonly used minerals of economic value.
Logan directed the first studies of Precambrian rock formations in the Canadian Shield, exploring the regions
of Temiskaming, Lake Superior and the Adirondacks; 3) Major discoveries: Logan was quick to recognize the
great geological diversity of Eastern Canada. He also recognized the significant role played by the Logan’s
Fault, named after him, which extends from the west coast of Newfoundland and Labrador to Pennsylvania; 4)
an accomplished naturalist: Logan showed an early interest in the emerging science of geology and was self-
taught. He achieved international recognition at the 1856 Universal Exposition in Paris, and was knighted by
Queen Victoria. Mount Logan, elevation 5,959 metres, in the heart of the Saint Elias Range in Yukon, is named
in his honour in recognition of his outstanding achievements; 5) Geoscience of global importance: on the traces
of Logan, the GSC supports the mineral and energy sectors’ competitive edge, contributes to regulations, risk
reduction in resource development, and reduction of financial, social and environmental repercussions produced
by natural catastrophes.
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The tectonometamorphic context of the north-west Opinaca, Superior Province, Eeyou
Istchee Baie James

Coté-Roberge, M., Université Laval, Pavillon Adrien-Pouliot, local 4309 1065 avenue de la Médecine, Univer-
sité Laval, Québec, QC G1V 046, myriam.cote-roberge. | @ulaval.ca

The Opinaca subprovince, part of the Superior craton, is a major Neoarchean metasedimentary basin, composed
mainly of migmatised paragneiss and granitoid intrusions. The monotonous nature of its lithologies have often
led the region to be neglected and far less studied than the neighboring subprovinces. Geophysical surveys,
however, show that the basin does possess a complex internal architecture. Models proposed in the literature to
explain the formation and later deformation of the Opinaca all imply contrasting styles and intensity of meta-
morphism, strain regime, resulting structural features and, especially, a distinctive chronology of those elements.

The vast majority of the Opinaca subprovince has been affected by a late, strong migmatisation episode, oblit-
erating most of the information that would have been recorded on its tectonic journey, with the exception of the
northwestern corner of the complex which appears to have avoided anatexis. The presence of staurolite grade
schists suggests that this section might have kept evidence of the earliest tectonometamorphic phases, which are
key in reconstructing the geodynamic context of the subprovince. This study aims at characterizing the meta-
morphic and structural characteristics, as well as to the temporal relations between those elements, in order to
test the competing models proposed for the area.

In the area of the study, planar structures are mostly east-west, dipping essentially towards the north and south.
Mineral stretching lineation is rare and generally corresponds to the hinge of the regional folding. Seven dis-
tinct structural domains were delimited, using compilations of structural measurements of over 2000 outcrops,
deformation degree interpolations, magnetic gradient maps and aerial photo analysis. Each structural domain
shows different fold morphologies, varying from open to isoclinal, from concentric to conical and upright to
recumbent.

Petrographic descriptions allowed the characterisation of the peak mineral assemblage, which most of the times
involves plagioclase + quartz + biotite = garnet + cordierite + muscovite =+ sillimanite + staurolite. Isogrades
traced from index minerals highlight a garnet => staurolite => sillimanite => anataxis progression, indicating
greenschist facies in the north-west to upper amphibolites facies in the south-east. The textural relationship
between minerals indicate 4 phases of metamorphism, beginning with the growth of pre-kinematic minerals and
followed by syn-tectonic recrystallisations of phyllosicate, by the development of higher grade porphyroblasts
and by final retrogression to greenschist facies.

Preliminary results from multi-equilibrium thermobarometric calculations, using THERMOCALC software,

give peak P-T conditions forming a coherent metamorphic gradient, transitional from Buchan to Barrovian gra-
dients.
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Late Miocene-Pleistocene evolution of India-Eurasia convergence partitioning between the
Bhutan Himalaya and the Shillong plateau

Coutand, 1., Department of Earth Sciences, Dalhousie University, PO Box 15000, Halifax, NS B3H 4R2, icout-
and@dal.ca

The Shillong plateau is a unique basement-cored uplift in the foreland of the eastern Himalaya that accommo-
dates part of the India-Eurasia convergence since the late Miocene. It was uplifted in the late Pliocene to 1,600
metres, potentially inducing regional climatic perturbations by orographically condensing part of the Indian
Summer Monsoon (ISM) precipitations along its southern flank. As such, the eastern Himalaya-Shillong pla-
teau-ISM is suited to investigate effects of tectonics, climate and erosion in a mountain range-broken foreland
system. This study focuses on a 2200 m-thick sedimentary section of the Siwalik Group strategically located
in the lee of the Shillong plateau along the Dungsam Chu at the front of the eastern Bhutan Himalaya. We
have performed magnetostratigraphy constrained by vitrinite reflectance and detrital apatite fission-track dat-
ing, combined with sedimentological and palynological analyses. We show that (1) the section was deposited
between ~7 and 1 Ma in a marginal marine deltaic transitioning into continental environment after 5 Ma, (2)
depositional environments and paleoclimate were humid with no major change during the depositional period
indicating that the orographic effect of the Shillong plateau had an unexpected limited impact on the paleo-
climate of the Bhutanese foothills and (3) the diminution of the flexural subsidence in the basin and/or of the
detrital input from the range is attributable to a slowdown of the displacement rates along the Main Boundary
Thrust in eastern Bhutan during the latest Miocene — Pleistocene, in response to increasing partitioning of the
India-Eurasia convergence into the active faults bounding the Shillong plateau.
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Keynote (40 min): Processes of gold mobility and deposition in circum-Pacific convergent
zones: Yukon (Canada), southern New Zealand, and Taiwan

Craw, D., Geology Department, University of Otago, Dunedin 9054, New Zealand

Orogenic gold deposits have formed in most convergent belts around the Pacific rim since the Paleozoic, and
have some common features. The active transpressive Taiwan orogen is one of the simplest of these gold-form-
ing systems. Convergence since the Pliocene has incorporated Cenozoic sediments into a greenschist facies
metamorphic pile in the centre of the island, while lower grade rocks are forming a fold-thrust belt. Orogenic
gold is being emplaced in graphitic greenschist facies rocks while hydrocarbons are being generated and trapped
in the fold-thrust belt. Gold is being transported beneath the orogen by remobilised connate brines that are
diluted by metamorphic water, and these fluids are further diluted by meteoric water during upward migration.
The active transpressive Southern Alps of New Zealand have similar geometry to Taiwan, but are being con-
structed from Mesozoic subgreenschist facies metasediments and higher grade equivalents. Dehydration of low
grade metasediments is producing metamorphic water (+minor CO,), which is mobilising trace amounts of Au,
As, Sb and W from the metamorphic rock mass. These metals are being focussed and concentrated into struc-
turally controlled deposits beneath the actively rising mountains, and meteoric water dilution occurs at shal-
low levels. Essentially identical processes and fluids affected the Mesozoic metasediments during Mesozoic
metamorphism to produce a suite of orogenic deposits in the Otago Schist belt. Early Cretaceous mineralisation
formed the world-class Macraes mine, which occurs in graphitic metasediments and has additional hydrother-
mal graphite that accompanied sulphidation and gold emplacement. In the convergent Yukon-Tanana Terrane
of NW Canada, the Paleozoic basement rocks were metamorphosed to greenschist or amphibolite facies schists
in the Permian. The orogen was reactivated in the Mesozoic to form a thrust-thickened pile in which gold was
mobilised into structurally-controlled sites. Host rock alteration, involving sulphidation and/or graphitisation
facilitated gold concentration. The Permian stage of metamorphism in the Yukon-Tanana Terrane removed
much of the labile As from the rocks, and consequently the Mesozoic gold deposits have relatively low As con-
tents compared to other orogenic systems. Common features in many of these circum-Pacific deposits include
mobilisation of metals by metamorphic processes, emplacement in extensional sites during compressional de-
formation, and enhancement of gold deposition by fluid-rock interaction that includes sulphidation and graphite
reactions. There are particularly strong parallels between Yukon-Tanana and Otago Schist metamorphic-hydro-
thermal systems and also subsequent uplift and erosion processes that led to the rich alluvial placers for which
both regions are best known.
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Contrasting metamorphic and meteoric fluid flow mechanisms and pathways in an active-
ly deforming convergent orogen, New Zealand

Craw, D., University of Otago, Dunedin 9054, New Zealand, dave.craw@otago.ac.nz, and Upton, P., GNS Sci-
ence, Lower Hutt, New Zealand

Crustal fluids can have important thermal and rheological effects on a deforming rock mass, but their presence
and associated signals are ephemeral and transitory. Evidence for the amounts, compositions, and sources of
fluids in ancient metamorphic belts is necessarily incomplete and sketchy at best. One way to improve our
understanding of the nature of fluid flow regimes in metamorphic belts is to examine active orogens in which
metamorphic processes are occurring at depth. The Southern Alps of New Zealand is one such active orogenic
belt, which is well-exposed and has well-constrained tectonic context. The Southern Alps is a linear mountain
belt forming in the hanging wall of a transpressional plate boundary fault, the Alpine Fault, with relative plate
motion of 4 cm/year. A 1 cm/year convergence component is driving low grade Mesozoic metasedimentary
rocks into thickening crust beneath the mountains. Metamorphic dehydration is occurring as the rocks are being
transformed to amphibolite facies gneisses, and metamorphic fluid that is dominated by water with <5 mole%
CO, is moving in strain-induced permeability at rates <1 m/year. Fluid flux is on the order of 10°> mol/m?/year
and is controlled by microshears below the brittle-ductile transition (BDT). Upward fluid flow at faster rates
occurs in extensional shear fractures beneath the high mountains controlled by localised stress switching. Ex-
tensional fractures in the upper 3 km also form during topographic collapse of steep mountain slopes. Gold and
arsenic are mobilised into the metamorphic fluids during upper greenschist facies metamorphic transformations,
and are transferred in solution to shallow levels. In contrast, high rainfall on the western slopes of the moun-
tains causes head-driven incursion of meteoric water to the BDT and beyond. This meteoric fluid dominates
the fluid budget of the orogen, with fracture-controlled fluxes on the order of 10* mol/m?*/year near to the plate
boundary, leading to abundant warm springs. The orogen changes character along strike to deformation domi-
nated by strike-slip faults. Fluid is dominantly meteoric, although rainfall and infiltration are lower than in the
main mountain chain, and fluid flow is controlled by the main faults. Minor Hg mobilisation in these waters
attests to some fluid-rock interaction at depth, and possibly some metamorphic dehydration reactions. The
focused strike-slip fluid regime was superimposed on, and captured, the more diffuse flow regime of largely
separate meteoric and metamorphic fluids in the main mountain chain.
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Chemistry and structure of tetragonal garnets

Cruickshank, L.A., lacruick@ucalgary.ca, and Antao, S.M., University of Calgary, 2500 University Drive NV,
Calgary, AB T2N IN4

Most garnets exhibit cubic symmetry, but exceptions with tetragonal symmetry have been reported. Henritermi-
erite is a rare Mn3+-bearing hydrogarnet, ideally Ca,Mn,[(Si0,),(O,H,) |3, with only two known occurrences.
It has been reported with tetragonal symmetry and space group 141/acd. The tetragonal symmetry has been
previously attributed to Jahn-Teller distortion of the octahedral Mn** cation. (OH,F)-bearing spessartine is a py-
ralspite-group garnet, ideally Mn,AL[(S10,),(O,H,,F,) 123, and has been reported with either cubic or tetragonal
symmetry and space group Ia3 d and I41/acd, respectively. It has been reported that the cause of the tetrago-
nal symmetry is ordering of (OH,F) groups or atoms. This study focuses on the crystal structure and chemical
analyses of henritermierite and (OH,F)-bearing spessartine garnets using electron probe microanalysis (EPMA)
and synchrotron high-resolution powder X-ray diffraction (HRPXRD) data. EPMA gave near end-member
compositions of Ca, .. {Mn Al Fe .1%2.02[(SiO,), (OH)), ,]=3 and Mn, Fe .Ca )X3{Al Fe
2[(S10,), ,,(O,H,),,4(F,), ,,]X3 for henritermierite and spessartine, respectively.
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Morphodynamic evolution of the Kicking Horse River, BC; an integration of ground-pen-
etrating radar, remote sensing, and gauging record analysis

Cyples, N.N., ncyples@laurentian.ca, lelpi, A., Harquail School of Earth Sciences, Dirszowsky, R.-W., School
of the Environment, Laurentian University, 935 Ramsey Lake Road, Sudbury, ON P3E 2C6

The Kicking Horse River is a gravel-bed stream originating from glacial meltwater supplied by the Wapta Ice-
fields in south-eastern British Columbia. An alluvial reach extends for approximately 7 km nearby the town of
Field, BC. A complex network of braided channels undergoes diurnal and seasonal fluctuations in flow as a re-
sult of variable glacial meltwater and runoff recharge. Prior studies erected the Kicking Horse River as a refer-
ence for intermountain braided systems, and documented bar formation and sediment distribution patterns from
ground observations. However, a consistent model of planform evolution and related stratigraphic signature is
lacking. This study’s purpose is to analyse the morphodynamic evolution of mobile channels and related bars
in the Kicking Horse River, and to characterize its planform evolution at the yearly to decadal scale. The study
integrates the analysis of ground-penetrating radar (GPR), remote sensing, and gauging records. Remote sens-
ing highlights rates of lateral channel migration of as much as 270 meters over eight years (~ 34 meters/year),
and demonstrates how flood stages are associated with stepwise episodes of channel braiding and anabranch-
ing. Channel migration influences in turn the size and relative abundance of mid-channel bars and bank-at-
tached bars, through repeated processes or erosion and reworking. A total of 387 ground data points across ten
selected fluvial bars were used to examine grain size, local flow direction, and degree of vegetation cover. GPR
analysis was conducted in order to depict the depositional stratigraphy of the fluvial bars. Preliminary GPR
analyses reveal the occurrence of distinct radar facies, including: discontinuous, inclined, planar, trough-shaped,
and mounded reflectors, which can be in turn related to the fluvial processes and architectural elements respon-
sible for bar construction. Integration of sedimentological data with remote sensing, gauging records, and GPR
analysis allows for high-resolution modelling of stepwise changes in alluvial morphology. Conceptual models
stemming from such analyses can be employed in the future to understand the depositional history and strati-
graphic signature of proximal and coarse-grained fluvial systems.
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Retrogressive stacking of parasequences in a tide-dominated delta: The transgressive
phase of the Changjiang (Yangtze River) Delta

Dalrymple, R.W., Queen s University, Kingston, ON K7L 3N6 dalrympl@queensu.ca, and Zhang, X., Nanjing
University, Nanjing, Jiangsu, China

The Changjiang, the 4™ largest river in the world in terms of sediment discharge, is a tide-dominated system
with a mean tidal range of 2.7 m and tidal-current speeds of ~ 1 m/s at its mouth. The sediment delivered to
the coast is dominated by silt and clay, creating a mud-dominated delta. During the last glacial lowstand, the
Changjiang created a 90 m-deep incised valley. The lower part of the valley fill is transgressive, passing up-
ward from fluvial and fluvial-tidal deposits into a unit previously interpreted to be “estuarine” in origin. The
succession is capped by the modern delta that has prograded approximately 200 km over the last 7500 years.
Detailed study of the “estuary” unit shows that this ~25 m-thick succession is mud-dominated and contains a
variety of tidal-channel and tidal-bar deposits that define a seaward transition from delta-plain to delta-front and
prodelta deposits with a well-developed seaward-fining trend and a facies distribution that is identical to that
of the modern delta. Tidal-channel-floor deposits in more landward locations contain abundant tide-generated
fluid-mud layers (1-3 cm thick), intercalated with the coarsest sand in the succession. Channel-floor and the
overlying tidal-bar deposits commonly become sandier upward because of the upward loss of fluid-mud layers.
The delta-front tidal-channel, tidal-bar and prodeltaic deposits are dominated by randomly organized structure-
less mud layers, 5-30 cm thick, that are interpreted to be storm-generated fluid-mud deposits. These mud layers
become less abundant upward, generating upward-sanding successions. The entire “estuarine” succession
consists of three retrogradationally stacked deltaic parasequences, each of which becomes sandier upward. The
composite unit fines upward overall, because of the net transgression. Despite the rapid rate of relative sea-lev-
el rise during deposition, the enormous sediment input was capable of allowing episodic progradation. Forma-
tion of the flooding surfaces is attributed to some combination of more rapid sea-level rise, reduced sediment
supply because of climate fluctuations, or avulsion. Retrogradational stacking of deltaic parasequences has
been recorded in ancient successions but has not been documented in the modern because only large rivers like
the Changjiang have sufficient sediment supply to prevent formation of an estuary during the rapid transgres-
sion.
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Integrated high-resolution stratigraphic analysis of the paleotropical carbonates spanning
the Ordovician-Silurian boundary (Katian-Aeronian), Anticosti Island, Québec

Daoust, P., Mauviel, A., and Desrochers, A., University of Ottawa, Department of Earth and Environmental Sci-
ences, ON KIN 6N35, pdaou069@uottawa.ca

The carbonate storm-dominated sedimentary succession superbly exposed on Anticosti Island in Eastern Canada
represents one of the most complete and well-preserved paleotropical stratigraphic records spanning the Ordovi-
cian-Silurian (O/S) boundary. We sampled the nearly complete coastal outcrop exposed at low tide along the
west coast of Anticosti Island for high-resolution 6'*C and 6'30 chemostratigraphy. The new isotopic curves
comprise more than 800 data points (micrite samples) for a total of >500 m of strata including from the base

to the top: the late Katian Vauréal Formation, the Hirnantian Ellis Bay Formation, the Rhuddanian Becscie

and Merrimack formations and the early Aeronian Gun River Formation. In addition, we sampled a recent
stratigraphic core to access the younger part of the Anticosti succession not continuously exposed toward the
south-central coast of the island. The 6"*C curve displays two distinctive positive peaks in the Ellis Bay Forma-
tion; a small lower peak (+2.5%o) and an upper larger peak (+4.5%o) and a broad positive excursion (+2.5%o) in
the Gun River Formation. These positive isotopic carbon excursions provide a distinctive chemostratigraphic
signature for regional and global correlations with other O/S sections. The continuing descending 6'°C trend, at
least 30 m above the currently interpreted O/S boundary, suggests a higher stratigraphic position of that bound-
ary in the Anticosti succession. The 6'30 curve, similarly to the Quaternary 6'*O marine curve, is tightly cou-
pled with multi-order cyclic facies changes. Our coupled lithological and oxygen isotopic data suggest that the
Anticosti succession was influenced by glacio-eustatic fluctuations during the whole studied Katian to Aeronian
time interval. Furthermore, the estimated duration of these multi-order cycles supports an astronomical forcing.
A near pristine isotopic oxygen record is also supported by the lack of significant covariance between 8'*C and
8'%0, by the excellent microfabric preservation of both macro and microfossils in petrographic, cathodolumi-
nescence, and SEM microscopy, and by little or no diagenetic resetting as suggested by the trace element geo-
chemistry. This is unusual in the deep geological time but possible when lithification occurred shortly after the
deposition in a closed diagenetic system.
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Sulfur and carbon isotopes in tree rings as a record of volcanic activity: A new approach
to studying the gases at Turrialba volcano, Costa Rica

D’Arcy, F., Fiona.darcy@mcgill.ca, Stix, J., Department of Earth & Planetary Sciences, McGill University,
Montréal, QC, Boucher, E., Département de Géographie, Université du Quéebec a Montréal, Montréal, QC,
and De Moor, M., Observatorio Vulcanologico y Sismologico de Costa Rica, Heredia, Costa Rica

Turrialba is an historically explosive stratovolcano located at the southern end of Costa Rica’s central volcanic
range. Turrialba had been quiescent for nearly 150 years when the first signs of unease, including degassing,
began in 1996. Since 2010, Turrialba has emitted a near constant plume of gas and there have been increasingly
frequent explosions and ash emissions as activity continues to accelerate. In this study, fluctuations of gas out-
put in the volcanic plume are being examined using an original method in dendrogeochemistry. A robust mon-
tane species, Alnus acuminata, is found in abundance around the volcano, and a successful campaign of non-de-
structive sampling in 2016 has produced a suite of core showing traits suitable for dendrochronological analysis.
We propose here that given their exposure to the volcanic gas plume, these trees contain a geochemical finger-
print of local atmosphere as recorded in seasonal tree rings, since pollution studies have shown that exposure

to high levels of SO, can affect the stable carbon and stable sulphur isotopes, 5*S and §"°C, in trees. Here, tree
rings are being analysed to provide a biannual record of fluctuating sulfur output at Turrialba, spanning decades.
In this way, 6*S and 8'*C can be measured both before and throughout the degassing episode and can thus be
used as indicators of the volcanic activity. Since degassing at Turrialba is well-documented, we propose that
comparison between our results and the corresponding fluctuations of CO, and SO, from the plume during this
time could further strengthen this proxy, which can then be applied to other volcanoes around the world. This
work may provide a revolutionary method for scientists looking to obtain a temporal record of degassing, while
also providing valuable information for those seeking to evaluate the direct impact of volcanism on the growth
of exposed biota.
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Keynote (40 min): Beta diversity, conservation paleobiogeography, and the ‘6™ mass ex-
tinction’

Darroch, S.A.F., Vanderbilt University, simon.a.darroch@vanderbilt.edu

Global change observed in the last ~200 years is causing the extinction of species at rates that rival the largest
biodiversity crises of the Phanerozoic, and has been termed the ‘6™ mass extinction’. Consequently, ecolo-
gists and paleontologists alike are increasingly turning to the fossil record as a source of data to use in building
predictive models for the future. Here, I give a brief introduction to ‘conservation paleobiogeography’, which
both places conservation paleobiology in a spatially-explicit context, and gives conservation biogeography a
historical and deep-time perspective. As a field, it uses the fossil, subfossil, and geological records to address
the questions: How do we expect species distributions to shift with continuing global change? Where do we
expect ecosystems to be worst affected? How large, and where, should we construct protected areas? I review
developing techniques in this field, and present a brief case study examining changes beta diversity over the
Ordovician-Silurian mass extinction at nested spatial scales. The results provide the beginnings of a space- and
time-specific ‘roadmap’ for interpreting the changing distributions of species in the modern oceans, and high-
light one of the many crucial roles paleontology will play in the 21 century.
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Evolution of fault slip surfaces with increasing displacement

Dascher-Cousineau, K., kelian.dascher-cousineau@mail. mcgill.ca, and Kirkpatrick, J., McGill University, 3450
rue University, Montreal, QC H3A4 0G5

Fault slip surface roughness determines fault strength, friction and dynamic fault processes. Wear models and
field observations suggest that roughness decreases with cumulative displacement. However, measurements
have yet to isolate the effect of displacement from other possible controls, such as lithology or tectonic setting.
We present an unprecedentedly large fault surface dataset collected in and around the San-Rafael Desert, S.E.
Utah, United States. In the study area, faults accommodated regional extension at shallow 1 to 3 km depth and
are hosted in the massive, well sorted, high porosity Navajo and Entrada sandstones. Existing detailed strati-
graphic throw profile provide a maximum constraint for displacement. Where cross-sectional exposure is good,
we measure exact displacement imparted on slip surfaces using offset in marker horizons. Thereby, we isolate
for the effect of displacement during the embryonic stages of faulting (0 to 60 m in displacement). Our field
observations indicate a clear compositional and morphological progression from isolated joints or deformation
bands towards smooth, continuous and mirror-like fault slip surfaces with increasing displacement. To quantify
these observations, slip surfaces were scanned with a white light interferometer, a laser scanner and a ground
based Lidar. Together these instruments resolve more than eight decades of spatial length scale (from less than
um’s to m’s in scale). Results indicate that the maximum roughness is fixed—bounded a by a primordial rough-
ness corresponding to that of joints surfaces and deformation band edges. In the early stages of fault develop-
ment roughness decreases rapidly with displacement according to a power law relation. In addition, we find
wear rates and processes are different at different length scales. Our results build towards a coherent model of
fault wear robust to ambiguities associated to displacement estimates, spatial scaling and geological context.
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Overview of major 2100-2125 Ma mafic dyke swarms and sill provinces across Archean
cratonic fragments

Davey, S.C.}, sarah.davey@carleton.ca, Blecker, W.2, Kamo, S.3, Vuollo, J.*, Huhma, H.5, and Ernst, R.!, 'Car-
leton University, 1125 Colonel By Drive, Ottawa, ON KIN 5B6, 2Geological Survey of Canada, 601 Booth
Street, Ottawa, ON KI1A 0ES; *Jack Satterly Lab, University of Toronto, 22 Russell Street, Toronto, ON M5S
3B1; *Geological Survey of Finland, Lihteentie 2, 96400 Rovaniemi, Finland,; °Geological Survey of Finland,
Betonimiehenkuja 4, 02150 Espoo, Finland

Prolific Paleoproterozoic tholeiitic dyke swarms and sill provinces offer key evidence through which to con-
strain the configuration(s) of the larger, ancestral landmasses, termed supercratons, from which the present Ar-
chean cratons originated. Studies involving geochronology, spatial analysis, paleomagnetism, petrography and
geochemistry are combined in the reconstruction of these ancient supercratonic landmasses or continents.

Remnants of ca. 2100-2125 Ma large igneous provinces (LIPs) occur within numerous Archean cratonic frag-
ments: Superior, Hearne, Slave, Nain (Canada), NAC (Greenland), Wyoming (USA), and Karelia-Kola (Finland
and Russia). Although this ensemble of cratonic fragments hosts approximately contemporaneous mafic mag-
matism, it is not yet fully resolved which fragments share a common ancestral landmass, and/or can be related
to a single magmatic centre. Recent work has expanded on the original Superia reconstruction (Superior,
Hearne, Wyoming and Karelia-Kola cratons) by showing that Nain and NAC were likely attached to what is
now the northeastern margin of Superior while Kaapvaal and Pilbara are positioned at Superior’s southwestern
margin. Sclavia, a contemporaneous reconstruction cored by the Slave craton, however, remains unattached.

Events pertaining to the Superia reconstruction include the ca. 2100 to 2125 Ma Marathon dykes (Superior);
2118 Ma Misi gabbro sills, ca. 2117 Ma Tohmajéarvi dyke and ca. 2130 Ma Pirtguba dykes (Karelia); 2113 Ma
Bear Mountain dykes (Wyoming); and ca. 2110 Ma Griffin sills, and 2111 Ma Kazan and 2113 Ma Chipman
dykes (Hearne); 2121 Ma Tikkigatsiagak (Nain); and a 2124 Ma dyke from the Nuuk area of South West Green-
land. Relevant to the Sclavia reconstruction, the Slave craton hosts the ca. 2100 Ma Indin dykes.

A precise U-Pb age of 2115 Ma is presented from chemically abraded single zircon grains of the Nieminen
dyke, Tohmajirvi swarm, Karelia. The Nieminen dyke’s flat, MORB-like REE pattern matches trends re-
ported from the Pirtguba swarm in Eastern Karelia. Notably, contemporaneous Misi gabbro sills and Sipojuntti
dyke within Karelia are enriched in LREE and Ti but depleted in Nb-Ta. A similar dichotomy in trace element
patterns is observed in Marathon and Chipman dykes but, among these, MORB-like signatures are rare. The
enriched patterns in Karelia compare to those of Tikkigatsiagak, Indin, Marathon, Kazan, and the Chipman
dykes and Griffin sills. Future work aims to clarify whether these block-specific geochemical nuances can be
traced across formerly adjacent blocks in space and time to improve the paleogeographic reconstruction of these
cratons and their breakup history.
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Secondary calcite as a useful U-Pb geochronometer: An example from the Paleozoic sedi-
mentary sequence in southern Ontario

Davis, D.W., Sutcliffe, C.N., Smith, P.,, Zajacz, Z., Dept. of Earth Sciences, University of Toronto, 22 Russell St.,
Toronto, ON M5S 3B1, dond@es.utoronto.ca, Thibodeau, A.M., Department of Earth Sciences, Dickinson Col-
lege, PO Box 1773, Carlisle, PA 17013, USA, Spalding, J., Schneider, D., Department of Earth and Environ-
mental Sciences, University of Ottawa, FSS Hall, 120 University, Ottawa, ON KIN 6N5, Adams, J., Geological
Survey of Canada, 601 Booth Street, Ottawa, ON KIA OES, Cruden, A., School of Earth, Atmosphere and En-
vironment, Monash University, Melbourne, Australia, Parmenter, A., Nuclear Waste Management Organization,
22 St. Clair Avenue East, Toronto, ON M4T 253

U-Pb dating of fracture calcites within a Cambrian to Devonian age sedimentary sequence that straddles the
Michigan and Algonquin Basins in southern Ontario has been successfully conducted using LA-ICPMS and ID-
TIMS.

Results from Devonian (Lucas Formation) samples collected at surface indicate a prolonged period of secondary
calcite growth with major age peaks at about 100 Ma and 80 Ma and smaller peaks extending to about 50 Ma.
Deeper (<200 m) Devonian and upper Silurian samples show a variety of younger ages with apparently distinct
events at about 50 Ma, 30 Ma, 12-20 Ma, 7.6 £ 1.3 Ma and 0.7 £+ 1.5 Ma but no evidence of the Cretaceous
events dated at surface. Horizontal Lower Silurian veins, collected above evaporate formations (330 m), record
vertical extension at 315 = 10 Ma. Deeper Ordovician carbonate samples (650-800 m) give indistinguishable
ages for veins, vugs and host rocks that average to 434 = 5 Ma. This indicates mid-Silurian disturbance of the
deep Ordovician rocks, consistent with the observation that pore waters in the rock are seawater-derived brines
likely derived from overlying Silurian evaporitic basins.

Calcite veins in Ordovician rocks outcropping at Picton, about 350 km to the east, give a simple age pattern
with a single peak at 106 = 5 Ma, while previous ID-TIMS data from a calcite vein about 150 km further east in
the Ottawa area gave an age of 100 = 1 Ma. Thus, the ca. 100 Ma event is regional in scale and its localization
at surface may be related to fracturing following erosional unroofing. The nearest major event in time is the
New England Hot Spot which passed to the east over the interval 130-110 Ma.

The deeper level Ordovician section shows no evidence of disturbance since Silurian time presumably because
the confining minus pore fluid pressure was insufficient to allow fracturing. Fluid may also have been confined
by overlying relatively impermeable Lower Silurian evaporite units. These results suggest that Ordovician car-
bonate rocks beneath the Bruce site provide a closed system with respect to fluid flow over geologic time scales
despite significant geologic perturbations.
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Developing the bedrock layer for Canada 3-D: The Precambrian-Phanerozoic boundary

de Kemp, E.A., Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, Ottawa, ON, eric.
dekemp@canada.ca, Schetselaar, E.M., Hillier, M., and Montsion, R., University of Ottawa, Ottawa, ON

One of the most significant tectonostratigraphic features of the geology of Canada is the boundary separat-

ing ‘cover’ rocks of the Phanerozoic Eon and older ‘basement’ rocks; dominantly metamorphic and crystalline
rocks of the Precambrian shield. In the context of the Canada-3D initiative to develop a 3D geological model
of Canada from the surface to the Moho, we have begun to integrate data constraints for modelling this bound-
ary, including geological map, drillhole and seismic data. The 3D surface development is being undertaken
through the application of data (geostatistical, implicit modelling (GOCAD/SKUA and SURFE) and knowledge
(SPARSE) driven methods. More accurate 3D delineation of this key boundary will help support applications
such as the separation of bulk rock properties into cover and basement classes which could in turn be used

for geophysical and mineral potential modelling. Coupled with heat flow and fracture density estimates; it
could also contribute to future development of national-scale 3D favourability maps for geothermal energy and
CO, sequestration potential. The project combines a large amount of data from various sources collected over
the last 175 years since the initiation of geological mapping by the Geological Survey of Canada in 1842 by Sir
William Logan.

The Precambrian-Phanerozoic boundary is dominantly an angular unconformity between the crystalline bedrock
of the Canadian Shield and Phanerozoic sedimentary cover sequences, spanning a hiatus of several hundreds

of millions to more than two billion years. In rare cases such as the Rapitan Group in the MacKenzie Moun-
tains, it is a more conformable stratigraphic contact between Neoproterozoic and Cambrian formations. There
are also many parts of Canada’s subsurface which have no geologic record of the boundary where the crust is
mainly composed of either younger Paleozoic and Mesozoic mobile belts (Central Newfoundland and British
Columbia), or exposed basement of the Precambrian Shield. The geological data that constrain the Precam-
brian-Phanerozoic interval are spatially heterogeneous, and vary in quality from excellent observations from
petroleum wells in the Western Canada and Williston Basins, to less reliable well logs in Southern Ontario, to
interpretive map traces in the overburden covered Hudson Bay low lands. Seismic reflection and refraction data
from Lithoprobe and industry surveys will support deeper interpretations of the boundary, and be integrated
with constraints obtained by geological mapping in the more complex regions of the Canadian Cordillera and
Appalachian orogens. Canada-3D is modelling other tectonostratigraphic features (crustal scale fault networks
and major lithostratigraphic horizons) within the bedrock layer, above and below the Precambrian-Phanero-
zoic boundary, but by focusing early on this significant boundary we gain insight to the data distribution, the
required methodology and processing gaps that exist tackling this problem at a national scale. As the project
proceeds there will be a need for development of 3D tools to support uncertainty estimation, sparse data inter-
polation and extension, and interpretation workflows designed to cope with the many challenges presented by
limited sampling of complex geologic terrains.
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Keynote (40 min): The role of automated mineralogy in GeoMetallurgy

de Souza, H., Hugh.desouza@sgs.com, Downing, S., Stephanie. Downing@sgs.com, Gunning, C., Chris. Gun-
ning@sgs.com, and Grammatikopoulos, T., tassos.grammatikopoulos@sgs.com, SGS Canada Inc, 185 Conces-
sion St., Lakefield, ON KOL 2H0

Most deposits display a high degree of geological and mineralogical complexity and variability that can have
serious consequences in metallurgical processing. Therefore, the proper characterization of the ore and gangue
minerals requires a multi disciplinary approach combining geology, mineralogy, geochemistry and processing.
However, mineralogy to a large extent informs the metallurgical process and SGS has integrated the application
of automated mineralogy as a practical tool for this purpose, using QEMSCAN, along with other techniques
(XRD, EMPA, LA — ICP MS, geochemistry, and other methods), throughout the mining chain from advanced
exploration through to production. In this presentation we discuss key mineral types that impact processing, re-
view some of the common technologies for their characterization as well showcasing actual case histories where
automated mineralogy has been applied in a geometallurgical framework at a pre-feasibility to feasibility level.
We will discuss examples from base metals (Cu-Pb-Zn-Ni) and rare metals (REE-Li-Nb-Ta) to illustrate how
mineral quantification and improved understanding of inherent mineralogical parameters in relation to metal-
lurgy reduce technical risk in both exploration and flowsheet development.
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Till geochemistry and gold grain counts over the Amaruq property (Nunavut): Glacial
dispersal of a gold deposit in permafrost terrain

De Vazelhes, V.!, victor.de-bronac-de-vazelhes. | @ulaval.ca, Boulianne-Verschelden, N.!, Beaudoin, G.!, -
McMartin, 1.2, C6té-Mantha, O.%, and Simard, M., 'Laval University, pavillon Adrien-Pouliot, 1065, av. de la
Meédecine, bureau 4309, Québec, QC G1V 046, *Geological Survey of Canada; *Mines Agnico Eagle

Understanding the nature of glacial dispersal processes affecting a mineral deposit is challenging, especially in
polyphase glacial flow areas. It requires the mapping of glacial deposits in detail, the reconstruction of the ice-
flow history and the mineral and chemical characterization of the mineralization. During the last Wisconsinan
glaciation, the Laurentide Ice Sheet shaped the glacial landscape of the Amaruq deposit area (central mainland
Nunavut) into ribbed and streamlined till landforms, indicating a predominant regional ice flow to the NNW. At
the local scale, evidence for later ice flows to the NW and WNW was found on striated bedrock surfaces.

A detailed surface till geochemical survey (mesh 100x100m; n=2495) in 2015 over the Amaruq property pro-
vides a unique opportunity to characterize glacial dispersal from the gold deposit. A robust principal compo-
nent analysis (PCA) was performed using the RobComposition R package on the till geochemical dataset (<63
um, aqua regia digestion, ICP-AES&-MS). Results show a strong gold association with silver, arsenic, cobalt,
chrome, nickel, copper, antimony and tungsten in the first component (45% of the variance). Kriging of sample
scores for the first component shows three NNW trending anomalies, down-ice of known mineralization, inter-
preted as glacial dispersal along the main ice-flow path. In an area of thick till north of the Whale Tail zone, the
deposit anomaly reaches the till surface approximately 1.5 km down-ice from the mineralization located beneath
a lake. In 2016, 49 till samples were collected from frost boils along four NNW-trending transects over various
till terrain types (~250 m sample spacing). Detailed surficial mapping shows different till types between Mam-
moth E (sandy/bouldery till) and Whale Tail (thin to thick fine-grained till) transects. Along the Mammoth E
transect, gold grain counts increase to 1015 grains/10 kg 300 m down-ice (NNW) of known mineralized struc-
ture, decrease to 523 grains and then climb again up to 2433 grains 720 m further. In contrast, along the Whale
Tail transect, only one major peak (1337 grains) is visible 1300 m from mineralization. Gold grain counts re-
gional values (mean of 14 grains) are nearly reached at the end of the Mammoth E transect (36 grains) but not at
Whale Tail (178 grains). The till geochemical study and gold grain counts strongly suggest that landform type
and associated till thickness is an important factor when interpreting variations in till composition and glacial
transport distances.
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Relating Ediacaran fronds

Dececchi, T.A., td50@queensu.ca, Narbonne, G.M., Geological Sciences & Geological Engineering, Queen's
University, Bruce Wing/Miller Hall, 36 Union Street, Kingston, ON K7L 3N6, Laflamme, M., Department of
Chemical and Physical Sciences, University of Toronto Mississauga, 3359 Mississauga Road, Mississauga, ON
L5L 1C6, and Greentree, C., School of Geosciences, Monash University, Melbourne, 3800, Australia

Ediacaran fronds are an important component of terminal-Proterozoic (Ediacaran — 579-541 Ma) ecosystems;
they are amongst the most recognizable, widespread and common body forms amongst the Ediacara biota rang-
ing across all major faunal localities and time slices postdating the Gaskiers Glaciation. The importance of the
frond morphology is evident, evolving independently multiple times within metazoans and previous works have
suggested that it evolved in no fewer than three distinct groups of Ediacaran organisms (i.e. the Arboreomorpha,
Erniettomorpha and Rangeomorpha). Despite their ubiquity, questions still exist over issues of homology and
functional morphology between, and within, purported “clades”. Here we evaluate the evolutionary relation-
ships among these taxa and test, among other factors, if major traits like elevating a feeding structure higher
into the water column or growth dynamics have evolved independently. A we conducted the first multi clade
cladistics analysis incorporating architectural, developmental, and structural characters to illuminate the evolu-
tionary history of these groups. Through this study, it is possible to understand the pattern of evolution within,
and between, these clades, including the identification of homoplasies, functional constraints, and ectomorphs
for the first time. Ultimately, this study both validates previous studies of Ediacaran “clades”, and accentuates
instances where previous assumptions of their natural history is no longer warranted.
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Three spatially and temporally associated porphyry deposits with distinct Cu:Au:Mo ra-
tios, Woodjam district, central British Columbia

del Real, 1., id92@cornell.edu, Bouzari, F.2, Bissig, T.2, Blackwell, J.>, Rainbow, A.*, Sherlock, R.?,

and Thompson, J.F.H.., 'Cornell University, Department of Earth and Atmospheric Sciences, Ithaca, NY
14853-1504 USA; *University of British Columbia, Dept. of Earth, Atmospheric and Oceanic Sciences, Vancou-
ver, BC V6T 1Z4; *Long Point Geologic Ltd.; *Barrick Gold; *Kinross

The Woodjam district is part of the porphyry deposits of Late Triassic to Middle Jurassic age (216 — 183 Ma)
and is located in the Quesnel terrane in central British Columbia. Porphyry centers include the Cu-Mo South-
east Zone deposit, hosted in the calc-alkalic Takomkane batholith, and the Cu-Au Deerhorn, Takom and Three
Firs deposits and the Megabuck prospect. The latter are peripheral to the margin of the batholith and are as-
sociated with smaller monzonitic bodies that had intruded and mineralized the volcanic-sedimentary rocks of
the Nicola Group. The Takomkane batholith intruded the Nicola Group and is host to the Southeast Zone that
displays characteristics of a calc-alkalic Cu-Mo porphyry. The Deerhorn and Takom deposits are centered on
narrow monzonite bodies with pencil-like geometries that intruded the Nicola Group volcanic sequence. Deer-
horn displays characteristics of a high-K calc-alkalic deposit. The Southeast Zone, Deerhorn and Takom depos-
its have similar ages between each other, and their intrusive units share geochemical characteristics. Differenc-
es between alteration and mineralization of the deposits are attributed to the magmatic evolution of the system
influenced by differences in the depth of emplacement. Cu-Au mineralization at Deerhorn is a more mafic and
potentially shallower segment of the magmatic hydrothermal system. Cu-Mo mineralization in the Southeast
Zone is the more felsic and potentially deeper parts of the hydrothermal system. Cu-Au mineralization in the
Takom deposit is displayed as an intermediate member between the Southeast Zone and Deerhorn deposits. The
porphyry deposits in the Woodjam district shows that various styles and assemblages of porphyry mineralization
can form within a single district over less than one million years.
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Reef response to sea-level and environmental changes during the end Ordovician deglacia-
tion: Evidence from calcimicrobial-skeletal bioherms, Anticosti Island, Québec

Desrochers, A., Dept. of Earth and Environmental Sciences, University of Ottawa, ON KIN 6N35, andre.desro-
chers@uottawa.ca

The end Ordovician (Hirnatian) reefs, superbly exposed in coastal and river outcrops on Anticosti Island, Qué-
bec, form isolated metre-sized bioherms to larger decametre-sized bioherm complexes overlying a regional
disconformity. These paleotropical reefs and associated oncolitic calcirudites provide a unique opportunity to
examine a far-field transgressive record immediately following the late Hirnantian glacial maxima. The reefal
and associated oncolitic limestones represent a prominent regional marker unit known as the Laframboise
Member of the Ellis Bay Formation and coincide with the main Hirnantian positive isotopic carbon excursion
(up to 5%o). The Laframboise reefs were constructed by intergrown calcimicrobal and skeletal components (e.g.
Wetheredella, Rothpletzella, Girvanella, bryozoans, tabulate corals, stromatoporoid sponges) to form a bind-
stone. Calcimicrobes are volumetrically more abundant than the metazoan skeletons. Internal geopetal micrite
is largely filling the small internal cavities. Synsedimentary cements, microbes, and automicrite are present
but of subsidiary importance. The stratigraphic architecture of the massive Laframboise reef cores display
high- and low-frequency growth phases. An individual high-frequency growth phase (3-10 cm thick) is made
of a dense basal calcimicrobial layer overgrown by numerous metazoan skeletons and capped by a thin layer of
fine terrigenous sediment. Five low-frequency growth phases are made of alternating thin and thick packages
of higher-frequency units within the bioherm core and laterally display contracted and expanded core margins.
Associated with the overall late Hirnantian deglaciation, this study suggests that two smaller imbricated orders
of climatic oscillations and/or sea level changes have regulated the amount of terrigenous material and nutrient
delivered on the sea floor, which in turn controlled the carbonate production and accumulation as well as the
development of the Laframboise bioherms.
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The structure and chemistry of some lead-apatite minerals

Dhaliwal, 1., idhaliwa@ucalgary.ca, and Antao, S.M., University of Calgary, University Drive NW, Calgary, AB
T2N IN4

This study is based on some lead-apatite minerals, including pyromorphite, Pb (PO,),Cl, mimetite,
Pb,(AsO,),Cl, and vanadinite, Pb (VO,),Cl. Emphasis is placed on their crystal structure and chemistry. The
lead-apatite minerals belong to the hexagonal space group P63/m. In pyromorphite, mimetite, and vanadinite
the XO, tetrahedra is occupied by P**, As>, and V°* cations, respectively. Based on their general formula,
Pb(XO,),Cl, the variations in size of these cations result in different O-X-O angles and X-O bond distances

in each mineral, thus influencing their unit-cell dimensions. Three samples of pyromorphite were studied, of
which two are from China and one is from Ontario. Our mimetite sample is also from China and our vanadinite
sample is from Morocco. To examine the structural trends among these samples, high-resolution powder X-ray
diffraction (HRPXRD) results and electron-probe microanalysis (EPMA) analyses were used. Several structural
trends were observed and explained in this study.
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Carbonate clumped isotope thermometry of the Ordovician Red Head Rapids Formation:
An evaluation of petroleum source rock development in the Hudson Bay Basin

Dhillon, R.S., ryan.dhillon@canada.ca, Savard, M.M., and Lavoie, D., Geological Survey of Canada, 490 de la
Couronne, Québec, QC GIK 949

Carbonate clumped isotope thermometry is a recently developed geochemical technique that measures the abun-
dance of the doubly-substituted isotopologue *C'¥*0'°0 in carbonate material. A new clumped isotope facility
has been developed in the Delta Lab of the Geological Survey of Canada, in order to evaluate the potential of
clumped isotopes as thermometric indicators in various basins. The clumped isotope systematics are more labo-
rious than the analysis of regular stable isotopes. Carbonate powders are reacted with phosphoric acid and the
resulting CO, gas is cleaned using an offline, stainless steel, ultra-purification gas line under high vacuum. The
CO, is sent through two water traps and a U-trap packed with porapak Q and silver wool to remove any hydro-
carbons or other contaminants. The cleaned CO, is then analyzed on a Thermo Scientific MAT 253 isotope ra-
tio mass spectrometer with modified cups, specifically designed for clumped isotope analysis. A key challenge
in processing clumped isotope data is to obtain an internal reference frame taking into account the lab-specific
isotopic behaviour during preparation and analysis, which is subsequently used to present the data in an abso-
lute reference frame based on thermodynamic principles. The clumped isotope results obtained following this
procedure will be presented for carbonate samples collected from an outcrop of the Upper Ordovician Red Head
Rapids Formation in the Hudson Bay Basin on Southampton Island, Nunavut.

The Hudson Bay Basin is the largest intracratonic basin in North America, but it is the only one without any
known petroleum resources. Nine exploration wells were drilled and 46,000 km of seismic line data were ac-
quired from 1964 to 1985. At that time, exploration was halted because no hydrocarbon reservoirs were dis-
covered, and the source rock was inferred to be thermally immature. Recent research, however, has discovered
pockmarks and possible oil slicks in several localities across the Hudson Bay, suggesting that hydrocarbons are
indeed present in the basin. The interest here is that the Red Head Rapids Formation directly overlies the poten-
tial source rock for the Hudson Bay Basin. Clumped isotopes may help unravel the thermal history and better
understand hydrocarbon development in the basin.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 90



Deep tunnelling geohazards: The critical role of engineering geology

Diederichs, M.S., Geological Sciences and Geological Engineering, Miller Hall, Queen s University, Kingston,
ON K7L 3N6

After the successes of the Swiss Gotthard and Loetchberg Base Tunnels, two twin tunnel projects totalling over
180km in length, deep tunnels are being planned, designed and constructed through some of the world’s most
challenging mountainous terrain. The most grandiose of these projects are the railway base tunnel projects with
typically twin tunnels of 10m diameter, many tens of kilometers in length. Road tunnels with shorter length but
similar diameters are also being constructed. Tunnels driven for hydroelectricity range in diameter from 4m to
10m and are of highly variable length and with challenging inclinations.

Long tunnels are typically driven with tunnel boring machines although a variety of other construction meth-
ods are in use. Construction costs can vary from several hundred million dollars for a small hydro-electric
scheme to tens of billions for a base tunnel. Cost overruns and time delays can exceed 100% and many years.
The primary reason for these delays is the challenges and risks associated with difficult ground conditions and
unforeseen or underestimated ground stability problems. Inevitably such challenges arise during construction
due to an incomplete, inaccurate or imprecise geological model at the early design and bidding stage. Due to
the logistics posed by the challenging terrain, there is a low likelihood that geological hazards to tunnelling will
be comprehensively detected, assessed or accurately located during site investigation. The likelihood of critical
geohazards must be evaluated based on a detailed geological model, relying on sparse borehole investigation for
local verification only. Strategically preparing for possible but unproven geohazards will increase the initial bid
price of a tunnel. Modifying construction tactics in mid project to adapt to unanticipated geological challenges
often costs much more. This is the choice facing the tunnel project owner and the contractors who bid on the
project.

In Europe, the Brenner Base Tunnel and the Lyon-Torino Base Tunnel are under construction with depths up

to 2km and ground conditions ranging from rockbursting in gneissic massifs to squeezing in tectonic melange,
fault gouge and cataclasite zones to karstified nappes with high water inflow. In the Andes, the builders of long
and deep tunnels for mine access, transport and water conveyance contend with deep seated zones of alteration,
extreme rockbursting in brittle volcanics, complex hydrothermal stockwork, and folded sequences of sedimenta-
ry and volcaniclastic rock. In the western mountain ranges of Canada, strong residual tectonic stress fields and
remnant deformation structures pose a hazard in otherwise competent rock, while in Sweden, complex tectonic
history is reflected in complex ground conditions creating challenges for key tunnel projects.

Case histories in these regions will be used to highlight the importance of a comprehensive but focussed geolog-
ical model to these critical engineering megaprojects and to illustrate the key role of the engineering geologist
during design and construction. The role of the geological model in initial design, construction-phase decision
making, contingency planning and monitoring strategy will be discussed.
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Near field geomechanics: Excavation Damage Zone simulation and prediction from grain
to excavation scale

Diederichs, M.S., Professor, Geological Sciences and Geological Engineering, Miller Hall, Queen s University,
Kingston, ON K7L 3N6

The Deep Geologic Repository (DGR) concept for the long-term (i.e., 1 Ma) safe management of radioactive
waste is internationally accepted best practice. The concept incorporates a multi-barrier design including the
waste form, the waste container, engineered clay based sealing systems, and the enclosing crystalline or sedi-
mentary geosphere. Within the repository near-field, extending outwards from the excavated openings, pertur-
bation occurring principally during repository construction and time-dependent alteration thereafter can influ-
ence rock mass integrity and repository performance. This zone is referred to as the Excavation Damage Zone
(EDZ).

The EDZ is actually a gradational zone of decreasing damage and disturbance away from the excavation bound-
ary. Moving outwards from the excavation boundary of an individual tunnel, shaft or cavern, there is an imme-
diate EDZ system surrounding any individual tunnel, shaft or cavern comprised of visibly fractured, irreversibly
damaged and mechanically disturbed or elastically influenced ground. There is also a repository scale zone of
disturbance which evolves over the construction period, as well as the long term post-closure.

Research at Queen’s University and in collaboration with other institutions has, for the past 10 years, focussed
on the near-field and local EDZ, as well as on refining tools for larger scale analysis of the mechanical response
of the near-field rockmass enclosing a repository. Damage processes at the grain scale and at the scale of inter-
nal heterogeneities such as the nodular texture of limestone (within one candidate host formation), and at the
scale of block forming internal structure (joints and veins). The role of bedding structures on the larger scale
rockmass response has also been investigated. These multi-scale elements of geo-structure and their role on
EDZ development and behaviour have been investigated through laboratory experiments and numerical simula-
tions including grain-based models, intra-block structural models and discrete fracture (inter-block) network
integration with mechanical simulation. Hydro-mechanically coupled models at the grain and block scale have
been used to improve predictive capacity with respect to the hydraulic changes in the rock and rockmass due to
damage development.

This talk will provide an overview of developments aimed at ongoing improvements to the geological engineer-
ing toolbox for predicting, evaluating and comparing the EDZ character, mechanics and long term evolution
and impact both at multiple scales and as a system, enhancing the capacity to manage and verify the EDZ in a
variety of geological settings.
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Characterization of the Temagami BIF hydrothermal system

Diekrup, D., ddiekrup@uottawa.ca, and Hannington, M., University of Ottawa, Ottawa, ON KIN 6N5

Neoarchean Algoma-type banded iron formations are considered to have formed at major volcanic centers, with
Fe and Si sourced from proximal hydrothermal vents. Several models, both historical and more recent, have
been developed to describe BIF formation in hydrothermally influenced marine environments. In particular, the
physical and chemical conditions thought to be responsible for BIF deposition, including pH, redox, fluctuations
in metal input, and biological controls, have been directly linked to the volcanic and hydrothermal activity.

A combined mineralogical, geochemical, sulfur isotope, and field study of the 2.72 Ga Temagami Algoma-type
BIF has been carried out to test different models of the BIF genesis. Novel multiple sulfur isotope data (MIF-
S) indicate that trace sulfur in the BIF is not sourced from direct input of sulfide particles from a hydrothermal
plume. Rather the sulfur systematics of the host basin are entirely due to biological mineralization. The ab-
sence of hydrothermal sulfur implies little or no plume fallout from nearby “black smoker” style venting and
also raises the possibility that Fe and Si were not sourced from proximal hydrothermal vents. It appears un-
likely that chert and iron oxide deposition in the Temagami BIF was controlled by pH fluctuations caused by
mixing of alkaline hydrothermal fluids with seawater as ultramafic lithologies required to generate the high-pH
fluids are not present.

Some aspects of the chert-jasper-iron oxide layering preserved today, such as their low trace metal contents with
the notable exceptions of relative Ge and Eu enrichments, suggest that Si and Fe were at least partly deposited
from non-focused, diffuse venting of hydrothermal fluids high in Si and Fe, but low in other components. Char-
acteristic mm-scale banding in the ores has been interpreted widely in terms of redox fluctuations in the host
basin, but textural relationships between silica, hematite, and magnetite point to replacement processes within
the bands. Textural and paragenetic relationships, together with trace element geochemistry of the iron-oxide
layers, argue for development of the fine layering during diagenesis and volume loss during recrystallization.
The fine layering has been suggested as evidence of deposition below storm-wave base, preserving banding that
would otherwise have been distrubed. But a diagenetic origin allows for the possibility that BIF deposition oc-
curred in relatively shallow water, with implications for the nature of the associated hydrothermal activity and
biological controls (e.g., a direct role for phototrophic bacteria).
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Contrasting styles of palladium mineralization in the Lac des Iles Complex, Ontario

Djon, M.L.!, 12dmin@queensu.ca, Peck, D.C.2 Olivo, G.R.!, and Miller, J.3, 'Queen’s University, Kingston, ON
K7L 3N6; *North American Palladium Ltd., Thunder Bay, ON,; 3UMD, Duluth, Minnesota, USA

The Lac des Iles Complex (LDIC) in Ontario hosts two distinct styles of Pd-rich PGE-Cu-Ni sulfide mineraliza-
tion: magmatic breccia and stratiform types. Magmatic breccia-type Pd mineralization is typical of the Roby
and Offset deposits in the Mine Block Intrusion (MBI) of the mafic South LDIC, which have supported surface
and underground mining operations at Lac des Iles for nearly 25 years. It is principally hosted by vertically-
disposed varitextured noritic breccia bodies that commonly contain 0.5-2% disseminated Fe-Cu-Ni sulfide. It
is characterized by high Pd tenors in sulfide (>1000 ppm in 100% sulfide), a lack of correlation between S/Se
ratios and Pd concentrations, and an average Pd:Pt ratio of 10 that increases with the increasing Pd grade.
Available geological observations suggest that magmatic breccia-type Pd mineralization formed as a result of
multiple injections of metal- and volatile-rich noritic magmas into the proto MBI along a regional north-striking
feeder structure (Shelby Lake fault).

Stratiform-type Pd mineralization occurs in the Sutcliffe Zone along the eastern flank of the cyclically-layered
Northern Ultramafic Centre of the North LDIC. It is hosted by olivine websterite, websterite, gabbronorite

and hybrid units that contain 0.5-2% disseminated Fe-Cu-Ni sulfide. It features moderate Pd tenors in sulfide
(>1000 ppm) that decrease with increasing S/Se ratios and has Pd:Pt ratios of 0.9- 3.5 that remain constant with
increasing Pd grades. Stratiform Pd mineralization at the Sutcliffe Zone is interpreted to have formed by a com-
bination of fractional crystallization and dynamic recharge of two compositionally distinct ultramafic parental
magmas: one silica-rich and the other silica-poor. Historical exploration results suggest that the Sutcliffe Zone
lacks the grade, thickness and size to develop into an economic, near-surface Pd resource. Numerous other
anomalous (i.e., >1 ppm Pd) Pd occurrences have been documented in the North LDIC. Some of these occur-
rences have a spatial association with the interpreted northern extension of the Shelby Lake feeder structure and
could therefore represent a continuation of the magmatic breccia-type mineralization developed in the MBI.
However, recent mineralogical and geochemical investigations of these occurrences indicate that they have
more in common with the stratiform-type mineralization of the Sutcliffe Zone than the breccia-related deposits
in the MBI.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 94



Advancement of geoeducation and research via public response to the Ottawa-Gatineau
Geoheritage Project

Donaldson, J.A., Carleton University, Col. By Drive, Ottawa, ON KIS 5B6, donaldson6427@rogers.com

During the fifteen years since the Ottawa-Gatineau Geoheritage Project was initiated, scientists trained in other
disciplines have contributed substantial information of educational and scientific value. But so have many of
those who have attended OGGP talks and field excursions. Here are some examples.

Metcalfe Geoheritage Park, an outdoor display of large rock specimens in Almonte, was one of the first major
projects to which OGGP contributed. Since it was created in 2009, it has been significantly enhanced, culmi-

nating in re-opening of an upgraded display in 2016. Visitors to the original display provided suggestions that
assisted in designing the new site, and revising explanatory information.

To counter the loss of insect and plant species that depend on open sandy areas for survival, Biodiversity Con-
servancy International initiated a project in 2011 to open a small area in the forest canopy over a sand-dune
complex within Ottawa (The Pinhey Dunes). Members of OGGP became involved in this project soon after

it started, and we continue to contribute in collaboration with biologists Peter Dang and Henri Goulet, thereby
providing new opportunities to promote geoheritage. Sessions at the sand dunes with young students are espe-
cially rewarding, allowing innovative teaching methods to be applied involving sieves, magnets and marbles.

Lawyer Christopher Brett of Perth, Ontario, has never lost his scientific enthusiasm honed while earning his
BSc. degree in Geology. When OGGP was helping to update geological collections in the Perth Museum, Chris
was attempting to track down the discovery site for Climactichnites, the distinctive trace fossil brought to the
attention of William Logan by James Wilson, the first physician in Perth. Since 2012, Chris has compiled an
extensive geological archive via his blog (Fossils and Geology of Lanark County). He was present during the
discovery of a new specimen of Climactichnites during a field excursion in 2016.

OGGP’s efforts in geoeducation have been reciprocated by the provision of feedback about significant geosites,
including notification of three new occurrences of megastromatolites. When a property owner observed that
domal structures were the focus of interest during an OGGP excursion, he guided us to in-place strata on his
land that contain evaporite molds in similar stromatolite-bearing strata. This has provided additional support for
our proposal that stromatolites periodically flourished in the Early Paleozoic because of recurring hypersaline
conditions inhospitable to browsing organisms — the same conditions that allow stromatolites to flourish today
in Shark Bay, Australia.
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The use of methane clumped isotopes as a new tool to understand the formation of natural
gas reservoirs

Douglas, P.M.J.12, peter.douglas@mcgill.ca, Stolper, D.A.%*, Lawson, M.#, Shuai, Y.5, Walter Anthony, K.M.¢,
Eiler, ].M.2, and Sessions, A.L.2, 'Department of Earth and Planetary Sciences, McGill University, Mon-
treal, QC; 2Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena,
CA, USA; 3Department of Earth and Planetary Science, University of California, Berkeley, CA,; *ExxonMo-
bil Upstream Research Company, Spring, TX, USA; °Key Laboratory of Petroleum Geochemistry, Beijing,
China; °University of Alaska-Fairbanks, Fairbanks, AK, USA

Natural gas is an increasingly important source of global energy production, and understanding of how natural
gas forms and accumulates in reservoirs is important for identifying further resources and improving the ef-
ficiency of extraction. Methane stable isotope measurements (i.e. 2H/'H and *C/'2C) have long been used to
characterize natural gas reservoirs, but there are ambiguities that limit their ability to definitively identify meth-
ane formation processes. Recently the measurement of methane containing multiple rare isotopes (i.e. "CH,D
or *CH,D,), or clumped isotopes, has emerged as a complementary tracer for methane in hydrocarbon systems.
In many cases, where methane forms in isotopic equilibrium this measurement is directly related to either the
temperature of methane production. Here we present a large body of methane clumped isotope data from a
global set of natural gas samples, as well as complementary data from pyrolysis experiments. In general, these
measurements indicate methane formation temperatures that are consistent with thermal maturity estimates. In
some cases methane clumped isotope data provide temperatures that are higher than expected, with possible
explanations including chemical kinetic effects during methane formation, the kinetic isotope effects of gas
diffusion, or a contribution of methane from deep, high-temperature zones of sedimentary basins. Clumped iso-
tope measurements of methane in natural gas reservoirs that are thought to be microbial in origin indicate lower
temperatures, and this measurement has the potential to be a valuable tool in discriminating between microbial
and thermogenic methane. We also present analyses of methane emitted from permafrost thaw lakes in Alaska,
where clumped isotope data provide evidence for the release of gas from high-temperature reservoirs.
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The Bissett Creek flake graphite deposit: Hydrothermal or metamorphic?

Drever, C.R., crdrever@uwaterloo.ca, Yakymchuk, C., University of Waterloo, 200 University Avenue West,
Waterloo, ON N2L 3G1, and Taner, M.F., Taner and Associates, Gloucester, ON

As the importance of graphite continues to rise with the advent of many new green technologies and the in-
creasing prominence of electric vehicles, the need to understand the factors controlling graphite mineraliza-
tion has continued to grow. While graphite deposits are scattered across the Grenville Province in Ontario, the
factors that allowed for their formation are currently debated. The Bissett Creek flake graphite deposit in the
Ottawa River Gneiss Complex of the Grenville Province in Ontario represents a natural laboratory to evaluate
and develop regional genetic graphite deposit models. In this study, the Bissett Creek flake graphite deposit is
investigated to evaluate whether graphite mineralization is syngenetic (metamorphically derived) or epigenetic
(hydrothermally emplaced) and to determine the source of the carbon responsible for mineralization. Graphite
mineralization is hosted in biotite-rich quartzofeldspathic gneiss, garnet-diopside-tremolite-biotite gneiss and
garnet-biotite-sillimanite gneiss. All of these units have undergone polyphase folding. Graphite mineralization
is characterized by homogeneously distributed and disseminated graphite flakes (about 1 to 5 mm in size) that
compose 2—10 vol.% of the gneisses. Graphite flakes are intergrown with metamorphic minerals, mostly biotite
and garnet, and mineralization is stratabound. 8'°C values of graphite found on the property range from -14%o
to -31%o. Most of these values are consistent with a biogenic source for the carbon, but since there are values
greater than -18%o, a hydrothermal contribution from sources with heavier isotopic signatures (e.g. devolatil-
ization of carbonate minerals) cannot be ruled out. Considering the carbon isotope values, the disseminated
and stratabound nature of graphite mineralization at Bissett Creek, and the intergrowth of graphite with meta-
morphic minerals, the deposit is interpreted to have formed as the result of high-temperature metamorphism of
biogenic carbonaceous material likely in response to Grenvillian metamorphism.
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The role of authigenic Mg-clays in calcrete-hosted uranium deposits at Lake Way, Western
Australia

Drummond, J.B.R., Kyser, T.K., and James, N.P., Queen s University, 36 Union Street, Kingston, ON K7L
3NG, j.drummond@queensu.ca

The genesis of calcrete-hosted uranium (U) deposits has been studied for more than 50 years. Despite numer-
ous formation models being proposed, their origin remains enigmatic. This study used an integrated, mineralog-
ical, geochemical, and hydrological approach to compare barren and mineralized calcrete and related sediments
to constrain the processes that facilitate the accumulation of U into calcrete-hosted U deposits around Lake Way,
Western Australia. These deposits occur in Cenozoic groundwater calcrete, clay-rich fluvial paleochannel fill,
and playa-lacustrine sediments on the margins of the Lake Way playa. Uranium is bound in the uranyl-mineral
carnotite (K (UO,),(VO,)-3H,0).

Drill hole conductivity data from the Centipede/Millipede ore body indicates the presence of a fresh hypopyc-
nal groundwater lens that flows eastward into Lake Way, thinning toward the delta-playa transition. Calibrated
down-hole gamma-ray data confirm that U mineralization occurs at 1 to 5m below surface and is concentrated
along the base of the freshwater lens, with the highest-grade mineralization occurring at the brackish-water
interface where inflowing fresh, low-density paleochannel groundwater interacts with the dense hypersa-

line groundwater of the playa. Further, detailed mineral analysis using XRD and environmental SEM/EDS
techniques indicate a previously unobserved association between U mineralization, authigenic sepiolite
(Mg,Si,0,.(OH)) and palygorskite (Mg, .,Al, Si,0, (OH),-8(H,0)), together with synsedimentary dolomicrite.
Sepiolite is common in groundwater calcrete, while palygorskite is more abundant in clay-rich playa sediments.
Mineral stability plots constructed using previously published water chemistry data indicate that the pH, alkalin-
ity, Mg/Ca ratio, Si saturation, and salinity of pore-water in this setting are ideal for the formation of sepiolite,
palygorskite, and authigenic dolomite.

The significance of the sepiolite and palygorskite is that they possess high surface areas and negative surface
charges over a wide pH range (pH 3.2-14), making the minerals particularly efficient at adsorbing positively
charged aqueous metal species. The close association of dolomicrite with carnotite suggests that dolomite pre-
cipitation might encourage carnotite precipitation by removing bicarbonate from pore waters, thus allowing U
to exist as UO,(OH)". This change in the aqueous species of U would increase the potential for U to adsorb to
negatively charged authigenic Mg-clays. Thus, the colloidal properties of sepiolite and palygorskite combined
with modifying the activity of bicarbonate via dolomite precipitation at the brackish-water transition entering
Lake Way facilitates a positive feedback mechanism creating favorable pore-water conditions, and providing
abundant nucleation sites for carnotite precipitation.
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Investigating the metamorphic history of the Bancroft Terrane (Ontario Grenville) using
the new thermodynamic software approach Bingo-Antidote

Duesterhoeft, E., ed@min.uni-kiel.de, Appel, P., Gremler, P., and Raase, P., University of Kiel, Ludewig-Meyn-
Str. 10, D-24118 Kiel, Germany

The Bancroft Terrane and the associated Central Metasedimentary Belt boundary thrust zone (CMBDbtz) repre-
sent the northern part of the Central Metasedimentary Belt of the Canadian Grenville Province. Predominantly
upper amphibolite-facies rocks of the Bancroft Terrane and the amphibolite to granulite-facies rocks of CMBbtz
were thrust over amphibolitized granulite-facies rocks of the Central Gneiss Belt (CGB) in the north at <1080
Ma. Field studies point to an earlier amphibolite facies event in the Central Metasedimentary Belt at >1100 Ma.
However, only few explicit pressure and temperature calculations exist, representing a lack of P-T data in the
Bancroft Terrane. The study attempts to unravel the polymetamorphic history of the Bancroft Terrane, applying
advanced thermodynamic approaches such as equilibrium assemblage diagrams.

First, pressures and temperatures (P-T) were computed with the Theriak-Domino software, which uses recently
significantly updated thermodynamic data for the Berman-1992 database (including amphibole solid solution
and melt). By now, thermobarometric data have been obtained for 8 samples that were collected during field
work in the Bancroft Terrane and the southerly adjacent Belmont Domain in April 2017. It was possible to
model the P-T conditions of a presumably early metamorphic event, which differs from the proposed upper am-
phibolite P-T conditions of the region. Samples showing a polymetamorphic history are characterized by zoned
garnet with large variations in grossular content or different generations of amphibole.

Second, equilibrium assemblages were investigated on a microscale using the new thermodynamic software
approach BINGO-ANTIDOTE. This new program combines the achievements of the two petrological software
packages XMapTools and Theriak-Domino. XMapTools affords information about compositional zoning in
mineral and local bulk composition of domains from electron microprobe mappings. Primarily BINGO-ANTI-
DOTE can be described as an inverse Theriak-Domino, because it uses the information provided by XMapTools
to calculate the most probable P-T equilibrium conditions of metamorphic rocks, estimating the degree of agree-
ment between the observed and calculated mineral assemblage.

Both approaches show a younger dominant event of 700+50°C and 7+1 kbar and an older less dominant event
of 5504£50°C and >7 kbar for at least 3 samples. We believe that our initial data suggest that the less dominant
event represents the accretionary stage of the Bancroft Terrane which became overprinted by the later thrust-
ing event at <1080 Ma. Future monazite dating on microprobe may give insights into the P-T-t history of the
Bancroft Terrane.
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Metamorphism of mafic metavolcanics at the Ore Chimney Mine, southwestern Grenville
Province

Duftett, C., charleneduffett@carleton.cmail.ca, and Honsberger, 1., Department of Earth Sciences, Carleton
University, 1125 Colonel By Drive, Ottawa, ON KIS 5B6

Mafic metavolcanics (amp-pl+qz+chl+bio+ep+cal+spl) associated with gold deposits (Ore Chimney Mine)
along the southwestern limb of the Flinton Synclinorium in the southwestern Grenville Province preserve
amphiboles and plagioclases that vary compositionally. Amphibole compositions vary from actinolite to mag-
nesio-hornblende to tschermakite along the PL (NaM4SiCa-1AlIV), TK (AIVIAIIVMg-1Si-1), and ED (NaAA-
1IVo-1Si-1) substitution vectors. Coarse-grained amphibolite retains amphiboles with higher TK values (tscher-
makite) than fine- to medium-grained greenstone (magnesio-hornblende). Core to rim zoning from actinolite
to magnesio-hornblende and from magnesio-hornblende to tschermakite is observed across individual grains in
greenstone. TK and ED values of amphibole cores range from 0.26 to 1.05 and 0.0 to 0.15 apfu, respectively,
whereas amphibole rims exhibit respective TK and ED values between 1.39 and 1.51 and 0.25 to 0.36. PL
varies from 0.13 to 0.32 apfu between samples, with the most variability in PL observed in ED-depleted mag-
nesio-hornblende cores. Plagioclase compositions vary from oligoclase to andesine, with oligoclase preserved
as inclusions in amphibole and andesine preserved as grains in the matrix. Relict chlorite preserved locally in
thin sections is interpreted to have formed during greenschist facies metamorphism that involved concomitant
growth of actinolite and oligoclase. Prograde metamorphism from greenschist to amphibolite facies is marked
by magnesio-hornblende and/or tschermakite overgrowths on actinolite and the formation of andesine. The
prograde metamorphic path may be related to crustal thickening associated with a single regional metamorphic
event, or potentially reflects polymetamorphism.
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The Shawinigan and Ottawan orogenies in the northwestern Central Metasedimentary
Belt, Ontario: Insights from the Mazinaw and Black Donald domains

Duguet, M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, 933 Ramsey Lake
Road, Sudbury, ON P3E 6B5, manuel.duguet@ontario.ca

The Mazinaw and the Black Donald domains are part of the Elzevir terrane of the Central Metasedimentary
Belt in the Grenville orogen. Detailed mapping in the northeastern part of Elzevir terrane indicates a complex
structural relationship between the 2 domains. To the west and the south, the Black Donald domain tectonically
overlies the Mazinaw domain. But in the northeast, the Mazinaw domain consists of northwest-directed tecton-
ic slivers stacked upon the units of the Black Donald domain. South of Black Donald Lake, this northwest-di-
rected vergence is reversed with Black Donald domain units overthrust to the southeast onto Mazinaw domain.
This complex structural pattern was acquired during a protracted sequence of deformational events; of which

a north-trending major regional shear zone, the Ross fault, played a central role. This succession of tectonic
events is responsible for the fold-and-thrust belt and fan like geometry of the Black Donald domain character-
ised by northeast-trending megafolds separated by shear zones.

Structural analysis and U-Pb geochronology show that the Black Donald domain was affected by a multi-stage
flat-lying tectonic event starting with thrusting and recumbent folding followed by belt-parallel top-to-the south-
west shearing. This D, event was coeval with high pressure granulite facies metamorphism involving partial
melting and calc-alkaline plutonism, both occurring at circa 1190 Ma. The Black Donald domain was thrust
upon the Mazinaw domain sometime after 1190 Ma and likely before 1167 Ma. On the eastern side, thrusting
of Mazinaw domain upon the Black Donald domain also occurred at this time. Despite the apparent absence

of significant Shawinigan-age plutonism, the Mazinaw domain experienced Shawinigan metamorphism with
numerous ages clustered at circa 1150 Ma. The D, event was characterised by a northwest-directed thrusting
and folding to the west and a top-to-the southeast shearing to the southeast. The D, event was synchronous with
felsic plutonism and took place circa 1135 Ma.

The Ottawan orogenic cycle was characterised by a D, west-southwest-directed out-of-sequence thrusting along
the Ross fault on the eastern contact between the Mazinaw and Black Donald domains. This D, event is also
contemporaneous with northeast trending upright folds in both the footwall and the hanging wall of the Ross
fault. The D, Ross fault was subsequently folded by F, northeast trending upright folds. The last expression

of Ottawan deformation is represented by conjugate sets of sinistral northeast trending shear zones coeval with
northwest trending dextral faults. These strike-slip shear zones operated under middle to upper amphibolite
conditions.
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Calcite-graphite isotope thermometry in the western Central Metasedimentary Belt,
Grenville Province, Ontario

Dunn, S.R.!, sdunn@mtholyoke.edu, Kotikian, M.2, Achenbach, K., Nesbit, J.#, Montanye, B.5, Peck, W.6,

and Markley, M.!, 'Geology & Geography, Mount Holyoke College, South Hadley, MA 01075 USA; *Geology
& Geophysics, University of Wyoming, Laramie, WY 82071 USA; 3Macmillan Academy, Middlesbrough, North
Yorkshire, UK, *Qualtrics, 400 W 5050 N, Provo, UT 84604 USA; °University School, Shaker Heights, OH
44122 USA; ®Department of Geology, Colgate University, Hamilton, NY 13346 USA

We have determined peak metamorphic temperatures in marble across the western Central Metasedimentary
Belt (CMB) of the Ontario Grenville Province using calcite-graphite isotope thermometry. The prevalence of
graphite-bearing marble allows application of this single thermometer across 5000 km?. New data (N=130)
combined with previous data reveal detailed thermal features across the region. Prior studies show the cal-
cite-graphite system is especially able to retain peak T due to the extraordinarily limited diffusion of carbon in
graphite. Based on previous comparative thermometry studies, we employ two calibrations of the thermometer,
Kitchen & Valley (JMG 1996) above 600°, and Dunn & Valley (JMG 1992) below. Application below ~500°C
requires excluding samples with anomalously low 6'3C values for material that may not be fully graphitized.
Results for specific areas from the central Elzevir terrane to the western Bancroft terrane are as follows, £1o(N
analyses): Tudor Twp 468°+£26(18); N. Marmora 524°+£33(9); Apsley 617°+55(10); Chandos Lake 624°+13(8);
Faraday 617°+£31(22); Coe Lake 621°+28(9); Paudash Lake 643°+£22(7); Tory Hill 670°+34(12); Gooderham
627°+40(6); Salmon Lake-Catchacoma 658°+33(11); Galway Twp 712°+69(6); Glamor Lake 742°+22(3); Hali-
burton 724°+13(6); Carnarvon 714°+59(6); and Minden 731°+32(6). Regional isotherms form SW to NE lines,
parallel to regional structures and without sinuous highs and lows E and N of Apsley, as previous interpretations
have shown. The 700° isotherm runs from Galway to Tory Hill roughly along the eastern margin of the Glam-
organ Complex. The Glamorgan is one of several crystalline thrust sheets W of the 700° isotherm that appear to
represent a style of deformation distinct from the domes of the Harvey-Cardiff domain immediately to the east.
The different structural styles may be attributable to the consistently warmer conditions to the west. The west-
ward T increase appears entirely gradational within the precision of the thermometer, without breaks at terrane
boundaries. Mezger et al.’s (CMP 1996) U-Pb ages for titanite in marble across the study area strongly suggest
our temperature determinations pertain to the Ottawan orogeny (1070-1030 Ma). Marble with unusually large
d13C values (>4%o) are found across the entire study area suggesting a common pre-orogenic affinity. This is
distinct from the 6*C of other Grenville marbles in adjacent terranes, and may support an isolated basin model
for the pre-Ottawan history of the CMB.
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An investigation of groundwater vulnerability in a karst aquifer near Plantagenet, eastern
Ontario

Dyck, A., Redmond, B., Ahmed, M., Zal, D., Zhang, X., and Al, T.A., Department of Earth & Environmental
Sciences, University of Ottawa

Karst landform features are well developed in Ordovician limestone in the Township of Alfred and Plantagenet,
ON. Observations of petroleum hydrocarbon contamination discharging with groundwater into a limestone
quarry prompted concern for groundwater vulnerability. The purpose of this study was to investigate vulner-
ability by characterizing bedrock fracture features and measuring recharge travel time to wells and to discharge
points in the quarry. The investigation involved mapping of fracture patterns on areas of limestone pavement
(alvar), time-series analysis of 6'*0 in precipitation and groundwater collected from fracture-controlled dis-
charge conduits at the base of the quarry, and time-series monitoring of hydraulic head (H) and specific conduc-
tance (SC) in domestic wells.

The 30 analyses were conducted by CRDS and IRMS in the G.G. Hatch Stable Isotope Lab at the University of
Ottawa. Hydraulic head and SC were monitored using Solinst LTC submersible dataloggers. All observed frac-
tures are near vertical (+ 6°) with four dominant orientations (011° +£5°; 030° £7°; 049° £3°; 109° £6°) suggest-
ing strong anisotropy in the flow system. Near-horizontal bedding-plane joints and fractures can be observed

in the walls of the quarry but detailed observations and measurements were not possible. Seven domestic wells
were monitored over a distance of approximately 2.2 km parallel to highway 17, just east of the South Nation
River. Hydraulic head and SC measurements in the five western-most wells respond rapidly, with increases in
H up to 7 m and simultaneous decreases in SC of 100 to 200 uS/cm within 24 hours of a 12.8 mm rainfall event.
Two wells in the eastern portion of the study area displayed relatively small responses to the 12.8 mm rainfall
event, with increases in H on the order of 0.5 m. The well monitoring data indicate significant spatial variabili-
ty in groundwater recharge and storage, consistent with expectations for terrain with non-uniform karstification.
Similar to the wells in the western portion of the study area, the time-series 6'%0 data indicate that recharg-

ing rain and snowmelt water are rapidly transmitted to discharge points at the base of the quarry (less than 24
hours). The data demonstrate that the groundwater system in much of the study area is characterized by very
rapid recharge rates — a feature of groundwater systems that corresponds with high vulnerability to contamina-
tion.
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Experimental constraints on thermosolutal convection in the stratified Sudbury impact
melt sheet

Dyer, S.C., sabastein.dyer@mail.utoronto.ca, and Mungall, J.E., Dept of Earth Sciences, University of Toronto,
22 Russell St, Toronto ON, M5S 3B1

The Sudbury Igneous Complex (SIC) is a differentiated impact melt sheet. Along its southern portion, above

a xenolith-rich lower chilled margin, a basal norite orthocumulate grades upward through a transitional gab-
broic layer into a thick layer of granophyre. Recent work has revealed the existence of a sharp compositional
discontinuity in the granophyre, leading to the suggestion that the SIC formed as a pair of distinct magma
bodies separated by a stable stratiform interface while both magmas were liquid. The lower body was quartz
diorite and the upper body was granodioritic in composition. We have conducted experiments to determine the
chemical diffusion coefficients in silicate melts chosen to represent our best guesses for the compositions of the
magmas that coexisted on either side of the layer in the granophyre. Infinite couple diffusion experiments were
conducted in the high pressure and temperature lab in the Earth Sciences Department at the University of To-
ronto. Natural samples of granophyre and quartz diorite as well as artificial approximations of granophyre were
ignited to drive off volatile constituents, then fused in platinum crucibles before quenching to produce homoge-
neous, bubble-free glasses. The glasses were powdered and packed tightly into platinum capsules, separated by
a planar interface, and brought to temperatures above their liquidus ranging from 1250°C to 1400°C at pres-
sure of 1.0 GPa for periods of time ranging from a few seconds to several days. Other samples were hydrated
with water by melting at high P and T conditions and used as material for experiments at similar conditions.
After quenching of the experimental charges, they were sectioned and polished before being analyzed on an
LA-ICPMS to measure chemical penetration profiles. The observed penetration profiles can be used to con-
strain diffusion coefficients and used as input parameters for a stability analysis of the interface in the context
of multicomponent thermosolutal convection theory. Preliminary results show that melt of the upper grano-
phyre composition would have been able to overlie the quartz diorite melt without undergoing multicomponent
thermosolutal convection if they were both anhydrous and had reached the same temperature. While the H,O
concentration still needs to be measured in the hydrous experiments, measured diffusion profiles of the other
components combined with a simplified simulation of H,O diffusion suggest that melt of the upper granophyre
composition would have been able to overlie the lower granophyre melt without destabilizing if it contained at
least 1.7 wt% H,O.
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Metamorphic and tectonic history of Frontenac terrane revisited: Evidence for a high-
pressure regime preserved in the hanging-wall of the Maberly shear zone, near Perth,
Ontario

Easton, R.M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, B7064, 933
Ramsey Lake Road, Sudbury, ON P3E 6B5, mike.easton(@ontario.ca

Previous metamorphic studies in central and eastern Frontenac terrane in Ontario have suggested relatively
uniform peak metamorphic conditions at circa 1168 Ma of 750-790°C, 4.5-5 kilobars (bathozone 4), with the
highest conditions found north of Gananoque. However, preliminary evidence for much higher P-T conditions
(bathozone 6) have been found in the hanging wall of the Maberly shear zone (MSZ) during 1:50 000 scale
mapping, petrological and geochronological studies in the Perth area (NTS 31C16), as described below.

Almost all of the paragneiss units in the Perth area have undergone partial melting, indicating high tempera-
tures. Primary muscovite is absent, suggesting metamorphic conditions above the muscovite-breakdown reac-
tion. The common assemblage kyanite-garnet-biotite-rutile, indicates metamorphic conditions of >7 kilobars
and >675°C, similar to those in the Wolf Grove structure in the footwall of the MSZ (7.2 kilobars, >718°C).

In adjacent calc-silicate rocks and dolomite marbles, the common mineral assemblage diopside-plagioclase +
scapolite = chondrodite suggests pressures and temperatures >8 kilobars and >670°C. Neither cordierite nor or-
thopyroxene have been found in gneisses in the Perth area; cordierite previously reported from hand specimens
was likely bluish oligoclase.

Local evidence for even higher pressures include a paragneiss sample with the assemblage andesine-quartz-gar-
net-corundum-rutile and the rare zirconium-titanium silicate mineral srilankite, which could indicate metamor-
phic pressures as high as 11 to 14 kilobars and temperatures approaching 1000°C. Several paragneiss samples
contain co-existing corundum-kyanite grains, as well as plagioclase-potassium feldspar coronas around kyanite.
Such coronas, where previously reported from the Bohemian massif, have been interpreted as the result of a de-
compression reaction that occurs at ~8.5 kilobars, and would imply higher peak P-T conditions, consistent with
the srilankite-bearing sample.

Bathozone 4 conditions exist near Lyndhurst, 20 km south of the Perth area, which would require significant
structural displacement between the 2 areas. A possible candidate structure is the N-NE trending Chaffey’s
Lock fault. A difference of 2 kilobars between the Perth and Lyndhurst areas would involve a minimum vertical
displacement of 7 km, which may have occurred in several stages from the Proterozoic to the Phanerozoic. The
regional geological implications of such a major structure are still under investigation. Furthermore, these new
results suggest a previously unknown complex high P-T regime metamorphic history related to the development
and unroofing of the MSZ, but consistent with the MSZ being a major crustal boundary.
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Metasomatism, syenite magmatism and rare earth element and related metallic miner-
alization in Bancroft and Frontenac terranes, Grenville Province, Ontario a preliminary
deposit model

Easton, R.M., Ontario Geological Survey, Earth Resources and Geoscience Mapping Section, B7064, 933
Ramsey Lake Road, Sudbury, ON P3E 6B5, mike.easton(@ontario.ca

Some of the earliest exploited and, at the time, nationally important, mineral deposits in Ontario are present

in the Bancroft and Frontenac terranes of the Central Metasedimentary Belt of the Grenville Province. These
deposits, herein referred to as “metasomatic deposits”, were sources of metallic and non-metallic minerals, such
as apatite, mica, molybdenum and uranium. Most were small in size and associated with a complex series of
host rocks including “calcite vein dikes”, coarse-grained pink calcite rocks, diopsidites, apatite veinlets, and
mica pyroxenites. Although metasomatic deposits in Frontenac terrane were physically compared to those in
Bancroft terrane, there was no prior indication that they might have formed at the same time, or by the same
processes, in both terranes. New geochemical and geochronological data from mapping in the Brudenell (NTS
31 F/6), Cobden (NTS 31 C/10) and Perth (NTS 31 C/16) areas has provided further insights into the origin and
time of emplacement of these metasomatic mineral deposits, including their potential to host rare earth element
mineralization.

The metasomatic deposits appear to have formed at least twice; at circa 1160 Ma and circa 1060 Ma. At both
times, the metasomatic deposits are associated with syenite intrusions emplaced during and after the peak of
metamorphism and deformation into the overriding thrust sheet (hanging wall) of a major deformation zone
(Maberly shear zone at circa 1160 Ma, Central Metasedimentary Belt boundary zone (CMBBZ) at circa 1160
and 1060 Ma). Although the syenite intrusions typically are not mineralized, they served as the heat source and
the source of some of the metal-enriched solutions that led to deposit formation. The size and quality of miner-
alization decrease with increasing lateral and/or vertical distance from the deformation zone; even if the deposit
is in the hanging wall and syenite intrusions are present. On-strike variations in metasomatic deposits along the
CMBBZ may reflect compositional variations in the footwall, for example, uranium-rich deposits at Bancroft,
aluminium-rich deposits at Craigmont, rare earth element mineralization near Brudenell, and abundant fluorite
near Cobden. Such on-strike variations need to be recognized in any exploration program. The metasomatic
deposits are probably not a stand-alone deposit type, but are likely part of a continuum of deposit types ranging
from alkaline-porphyry copper + molybdenum =+ gold deposits, through iron oxide-apatite (Kiruna-type depos-
its) to manto deposits, with the different deposit types related to increasing distance from the magmatic source,
as well as increasing amounts of hydrothermal activity.
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Keynote (30 min): Dynamics of fault activation by hydraulic fracturing in overpressured
shales

Eaton, D.W., University of Calgary, eatond@ucalgary.ca, Cheadle, B.A., Western University, bcheadle@uwo.
ca, and Bao, X., Zhejiang University, xwbao@zju.edu.cn

Fluid-injection processes such as disposal of saltwater or hydraulic fracturing can induce earthquakes by in-
creasing pore pressure and/or shear stress on faults. Natural processes, including transformation of organic ma-
terial (kerogen) into hydrocarbon and cracking to produce gas, can similarly cause fluid overpressure. Here we
document two examples from western Canada where earthquakes induced by hydraulic fracturing are strongly
clustered within areas characterized by pore-pressure gradient in excess of 15 kPa/m. By contrast, despite
extensive hydraulic-fracturing activity associated with resource development, induced earthquakes are virtually
absent in the same formations elsewhere. Monte Carlo analysis indicates that there is negligible probability
that this spatial correlation developed by chance. A detailed analysis was undertaken within a 400 square km
region in Alberta, Canada where uniquely comprehensive data characterize dynamic interactions between well
completions at 6 drilling pads. Seismicity is strongly clustered in space and time, exhibiting spatially varying
persistence and activation threshold. The largest event (ML 4.4) can be reconciled with a previously postulated
upper bound on magnitude, only if the cumulative effect of multiple treatment stages is considered. Induced
seismicity from hydraulic fracturing reveals contrasting signatures of fault activation by stress effects and fluid
diffusion. Patterns of seismicity indicate that stress changes during operations can activate fault slip to an offset
distance of > 1 km, whereas pressurization by hydraulic fracturing into a fault yields episodic seismicity that
can persist for months.
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The global LIPs GIS database: Tool for exploration targeting

Ernst, R.E.}, Richard Ernst@ErnstGeosciences.com, Jowitt, S.M.2, Botsyun, S.3, and Mathieson, D.!, 'Depart-
ment of Earth Sciences, Carleton University, Ottawa, ON KIS 5B6; *Department of Geoscience, University of
Nevada, Las Vegas, NV 89154-4010, USA; Laboratoire des Sciences du Climat et de I’Environnement, LSCE/
IPSL, CEA-CNRS-UVSQ, Université Paris-Saclay, Gif-sur-Yvette, France

The dramatic expansion in our understanding of Large Igneous Provinces (LIPs) since their initial recognition
in the early 1990s, and particularly in the past decade, combined with the importance of a GIS framework for
modern geoscience investigations means that it is timely to produce an updated GIS-based global LIPs dataset
and assess its potential use in exploration targeting. Earlier LIPs databases focused on continental flood basalts
and oceanic plateaus /ocean basin flood basalts and associated hotspot magmatism ranging in age back to 260
Ma. The current project expands the GIS dataset into pre-Mesozoic time back into the Proterozoic, where the
flood basalt record has generally been removed by erosion, exposing the underlying plumbing system of dykes,
sills and layered intrusions, and further back into the Archean, where a number of LIP candidates have been
identified. Geophysical data can also reveal deeper structural aspects (e.g., acromagnetic data for tracing units
under sedimentary cover, gravity data for unexposed mafic-ultramafic intrusions within the crustal profile, and
seismic data for the distribution of a magmatic underplate and any fossil plume head). The new GIS database
also incorporates associated silicic magmatism, carbonatites, kimberlites and ore deposits as well as interpreted
mantle plume centres, related structures (e.g. rifts), associated sedimentary basins (linked to LIP-related topog-
raphy), and the spatial distribution of geochemical subgroups within individual LIPs. An industry consortium is
currently providing support for this comprehensive Global LIPs GIS database that will be regularly updated and
expanded. The database represents an advanced tool for multi-commodity, multi-scale exploration targeting by
the resource community as well as a framework for research by the broader scientific community, in areas such
as constraining global geodynamical evolution and quantifying the paleo-environmental impact of LIPs. From
a resource perspective LIPs represent significant reservoirs of energy and metals that can either drive or con-
tribute to a variety of metallogenic systems and also affect hydrocarbon and aquifer systems. LIPs can provide
the energy, fluids, and/or metals for a variety of mineralising systems, including orthomagmatic Ni-Cu-PGE
sulphides, native Cu, hydrothermal volcanogenic massive sulfide (VMS) and iron oxide-copper-gold (IOCG)
deposits. The LIP GIS framework illuminates key relationships between LIP units and these and other resource
types and will also more broadly assist in global plate reconstructions that can allow tracing of major metallo-
genic belts into greenfield areas on crustal blocks that were formerly attached.
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Paleomagnetic testing of the Vaalbara supercraton joined to Superia

Evans, D.A.D., Dept. Geology & Geophysics, Yale University, New Haven, CT 06520, USA, david.evans@yale.
edu, and Gumsley A.P., Dept Geology, Lund University, Lund 223-62, Sweden, ashley.gumsley@geol.lu.se

Neoarchean cratons have traditionally been grouped into “clans” distinguished by their basement ages and vol-
cano-sedimentary cover successions (Bleeker, 2003). Recent development of the LIP-barcode method of craton
juxtaposition primarily by similarities in U-Pb ages (Bleeker and Ernst, 2006) has suggested the counterintuitive
possibility of connections that bring together members of separate clans. One such reconstruction is presented
in Bleeker et al. (2016) and Gumsley et al. (2017): the Vaalbara supercraton (de Kock et al., 2009) is presented
immediately adjacent to the western part of Superior craton, along with Wyoming in its rotated reconstruction
south of Superior (Kilian et al., 2016). If such a “SuperVaalbara” amalgamation existed in Paleoproterozoic
time, it likely assembled during Neoarchean accretion. That model predicts a single apparent polar wander
(APW) path for all constituent cratons, when all of the individual paleomagnetic poles are rotated quantitatively
into the reconstruction, for the duration of their tectonic continuity. Our present contribution evaluates the rates
and styles of APW implied by the SuperVaalbara model. While the model is consistent with a few published
poles of broadly similar ages, relevant high-quality data are sparse. Some of the motions implied by the ag-
gregate APW path are rapid relative to typical Mesozoic-Cenozoic rates, but not to the extreme. One challenge
to the SuperVaalbara model is its post-breakup kinematic evolution, which requires Vaalbara to escape laterally
while Wyoming rotates into position within the growing Laurentia assemblage as part of Nuna supercontinent.
Migration of Hearne from the external margin of SuperVaalbara into the center of Laurentia is similarly chal-
lenging. Cratonic juxtapositions via the LIP-barcode method present intriguing hypotheses that demand quan-
titative evaluation in the continuous kinematic framework provided by visualizable software packages such as
GPlates.

References:

Bleeker W (2003) Lithos 71: 99-134. Bleeker W & Ernst R (2006) In: Dyke Swarms—Time Markers of Crustal
Evolution. Balkema, 3-26. Bleeker W, Chamberlain K, Kamo S, Kilian T & Buchan K (2016) Int’l Geol Con-
gress, Capetown. de Kock MO, Evans DAD & Beukes NJ (2009) Precambr Res 174: 145-154. Gumsley AP,
Chamberlain KR, Bleeker W, Soderlund U, de Kock MO, Larsson ER & Bekker A (2017) PNAS, doi/10.1073/
pnas.1608824114. Kilian TM, Bleeker W, Chamberlain K, Evans DAD & Cousens B (2015) Geological Soci-
ety of London, Special Publication 424, 15-45.
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The Oak Ridges Moraine was deposited between two fast-flowing ice streams

Eyles, N., eyles@utsc.utoronto.ca, Sookhan, S., and Arbelaez-Moreno, L., University of Toronto at Scarbor-
ough, Military Trail, Scarborough ON MI1C 144

Geomorphological mapping using high resolution (5 m) digital elevation datasets shows that the Greater To-
ronto Area and its immediate environs, Canada’s largest urban area, is built across the former bed of two fast
flowing ice streams (Ontario Ice Stream: OIS, and Ontario Lobe: OL) within the last Laurentide Ice Sheet (LIS),
that are directly analogous to modern ice streams in Antarctica and Greenland. Their subglacial footprints
consist of spectacular flow sets of highly elongated ridges (megascale glacial lineations: MSGLs) up to 5 km in
length that converge on the Oak Ridges Moraine from the north and the south. MSGLs are distinguished from
other co-related subglacial streamlined bedforms such as drumlins by having elongation ratios greater than 10:1;
some as much as 40:1 and indicating ice velocities considerably in excess of 400 m yr' and possible as fast as 1
km yr'. The Oak Ridges Moraine (160 km long, 70 km?) is southern Ontario’s largest glacial landform and was
deposited in an elongate glaciolacustrine depocenter between the two converging ice streams at ¢. 13,500 ybp.
To date more than 100 ice streams have been recognized in the Laurentide Ice Sheet and the data presented here
from the Greater Toronto Area adds significantly to that database in the eastern Great Lakes sector of the ice
sheet. The ice stream paradigm provides a firm foundation for a comprehensive re-evaluation of much existing
glacial geologic mapping and stratigraphy in Southern Ontario which hitherto has controversially and incor-
rectly emphasized the role of regional subglacial megafloods flowing below the Laurentide Ice Sheet.
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Design, construction and use of an experimental vessel for the investigation of factors in-
fluencing soft-tissue decay and preservation with regards to clay mineralogy

Facciol, A., amanda.facciol@mail.utoronto.ca, Piunno, P., and Laflamme, M., University of Toronto Missis-
sauga, Department of Chemical and Physical Sciences

The processes underlying soft-tissue fossilization remain poorly understood. Softer tissues, such as hair or
muscle, are less likely to be preserved, creating a bias toward the preservation of hard parts such as teeth, bones,
and shells. Modern taphonomic research focuses on monitoring the geobiochemical changes that occur during
tissue decay, as these processes are highly dependent on environmental conditions and microbial interactions
that occur soon after death. The most significant parameters to monitor during decay leading to soft-tissue pres-
ervation include: 1) production of volatiles, such as carbon dioxide and hydrogen sulfide, 2) changes in aque-
ous pH and 3) changes in sediment mineralization. To this end, a gas and water tight vessel was constructed to
allow for continuous monitoring of decay environments. The complement of sensors can be altered to monitor
any aspect of decay product production, however for the purposes of this study, it was equipped with a CO, sen-
sor, a pH meter, and three sediment core extraction implements. Data logging of all sensor responses was done
continuously by use of a dedicated Arduino microcontroller. The sampling schedule for sediment core analysis
can be set to any desired interval. In this study, the vessel was used to examine the influence of clay mineralogy
on the decay of a model organism (Shrimp - Penaeus monodon). Over a three month period, the atmospheric
CO, concentration and aqueous pH values were determined every hour. Sediment samples collected at one
week, one month, and three months were analyzed for elemental and crystallographic changes by XRF, XRD,
and scanning microscopy. Sediments were selected to target different mineralogies, including aluminum-rich
clay, iron-rich clay, and clay of varying mineralogy. Preliminary results have shown that presence of clay alone
influences the rate of CO, production and pH alternation compared to experiments done using silica sand, where
clay allows for faster CO, release and earlier pH changes. This decay vessel has permitted for detailed analysis
of fossilization processes under laboratory timescales. This in turn will help to elucidate preservational biases
within the fossil record and provide clues as to why certain geologic periods, such as the Cambrian or Edia-
caran, have higher instances of soft-tissue fossilization.
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Magnetic fabric study of offset dyke emplacement and sulfide mineralization in the North
Range of the Sudbury Impact Structure, Ontario, Canada

Fernandes, E., Department of Earth Sciences, Western University, London, ON N6A4 5B7, McCausland, P.J.A.,
Western Paleomagnetic and Petrophysical Laboratory, Western University, London, ON N6A4 5B7, (Phone: 519
661-2111 x88008), pmccausl@uwo.ca, Pilles, E., and Osinski, G.R., Centre for Planetary Science and Explora-
tion, Western University, London, ON N6A4 3K7

The Sudbury Impact Structure contains abundant world-class nickel, copper and PGE sulfide ores, with min-
ing at numerous localities having been underway for over a century. Ongoing mineral exploration at Sudbury
focuses on the magmatic and hydrothermal systems that were generated by the 1.85 Ga meteorite impact event
as a melt sheet (Sudbury Igneous Complex) and associated radial and concentric "offset’ dykes of bulk quartz
diorite composition were emplaced within fractures in the target rocks. In this study, we have taken multiple
oriented core samples from 13 sites in offset dykes of the less deformed North Range of the Sudbury Impact
Structure. We use the Anisotropy of Magnetic Susceptibility (AMS) method on >6 samples per site to define
anisotropy ellipsoids which can act as a proxy for bulk mineral fabric in a rock, therefore helping to interpret the
passage and possible emplacement of sulfide ore deposits associated with the injection of impact melts. Pre-
liminary results show that three major fabric orientations exist in the North Range Foy and Hess offset dykes:
1) planar fabric oriented parallel to the dyke margins; 2) planar fabric oriented nearly perpendicular to the dyke
margins at two localities in Foy near its intersection with the Hess dyke; and , 3) weakly to strongly anisotropic
fabric showing a subvertical maximum susceptibility orientation near local large sulfide pods in the outcrop.
The AMS fabrics studied so far imply that dyke flow may possibly be used to establish the relative timing and
geometry of the sub-impact melt sheet plumbing system while the emplacement of sulfides may be traceable at
a local and perhaps larger scale using AMS lineation fabrics that could act as an exploration “vector’ to the Ni-
Cu PGE mineralization.
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Siliciclastic units of the Proterozoic Vazante Group, Minas Gerais, Brazil: Evidence for
arc provenance

Fernandes, N.A., Olivo, G.R., Layton-Matthews, D., Department of Geological Sciences and Geological En-
gineering, Queen's University, Kingston, ON, 14nafl@queensu.ca, and Diniz-Oliveira, D., Votorantim Metais
Exploration, Sao Paulo, Brazil

The Proterozoic, sedimentary Vazante Group, Minas Gerais, Brazil is a mixed, carbonate - siliciclastic sequence
that is encountered within the Southern segment of the Brasilia Fold Belt. The age, provenance, and tectonic
setting during deposition of the Vazante Group remain controversial due to complex folding and thrusting in

the region. Twenty-five exploration drill-holes located from the North and South of the district were logged
and sampled. Three hundred samples were selected for further studies, which cover the length of the Vazante
Belt exposure and extending up to 915 m in depth. They comprise major siliciclastic units contained within the
Vazante Group, including the Serra do Garrote and Serra do Pogo Verde formations. Textural and mineralogical
investigation was followed up by lithogeochemical studies, which results are summarized below.

The Serra do Garrote Formation, the thickest siliciclastic unit at the base of the Vazante Group, is characterized
by variably-organic, muscovite + chlorite + quartz-bearing pyhllites. The pelites of the Serra do Pogo Verde
Formation, which are interlayered with dolomites in the middle of the Vazante Group, are characterized by
muscovite + biotite + K-feldspar + quartz-bearing phyllites. The detrital minerals suggest a felsic or continental
source.

Three subunits G1, G2 and G3 were identified in the Serra do Garrote based on their A1,O,/TiO, ratios, as Al
and Ti are immobile in this system. Tectonic discrimination diagrams of other immobile elements (Zr/Sc versus
Th/Sc, Hf versus La/Th, La-Th-Sc, Th-Sc-Zr/10) indicate that both the Serra Garrote and Serra do Pogo Verde
formations were derived from sources with a magmatic arc signature, with varying degrees of contribution from
old continental sources. The old continental crust signature is more prominent during the sedimentation of

the pelitic rocks of the Pogo Verde Formation. Significantly, the pelitic units derived mainly from arc-related
sources have anomalous zinc contents (up to 0.46% Zn).

Previous studies concluded that the Vazante Group was deposited on a passive continental margin. However,

our results indicate the presence of magmatic arcs in the vicinity of the Sdo Francisco Craton during deposition
of the Vazante Group, raising the question of possible back-arc basin setting.
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The origin of Late Devonian (Frasnian) stratiform and stratabound mudstone-hosted bar-
ite in the Selwyn Basin, Northwest Territories, Canada

Fernandes, N.A.'%, nafernan@ualberta.ca, Magnall, JM.3, Gleeson S.A.%, Gleeson, S.A.#% Creaser R.A.!, Mar-
tel, E.6, Fischer, B.5, and Sharp, R.A.S, 'Dept. of Earth and Atmospheric Sciences, University of Alberta, Ed-
monton, AB T6G 2E3; 2Department of Geological Sciences and Geological Engineering, Queen s University,
36 Union Street, Kingston, ON K7L 3N6,; *Helmholtz Centre Potsdam, GFZ German Research Centre for
Geosciences, Telegrafenburg, 14473 Potsdam, Germany, *Institute of Geological Sciences, Freie Universitit
Berlin, Malteserstrasse 74-100, 12249 Berlin, Germany; °Northwest Territories Geological Survey, PO Box
1320, 4601-B 52 Avenue, Yellowknife, NT X1A 2L9; °Transpolar Geological Consultants, 60 Hawkmount
Heights NW, Calgary, AB T3G 385

Multiple occurrences of bedded barite (BaSO,) are preserved in mudstones of the upper-most Canol Formation
(Frasnian) of the Selwyn Basin (Canada). Samples of barite were collected from eight sites (seven measured
sections), and examined using petrographic and isotopic techniques (*’Sr/*¢Sr, 8**S and 6'*0 values) to determine
whether the barite has a diagenetic or hydrothermal origin.

Barite at all locations occurs in two morphologies: (1) laminated barite, and (2) nodular barite consisting of
barite, hyalophane, cymrite (hydrous Ba-silicate) and minor pyrite. At the Cowan occurrence, one sample has a
mineral assemblage comprising barite and nodular barium carbonates (witherite, norsethite).

The &*S and 6'%0 values of the laminated barite co-vary, and range between +24.1 to +35.3%0 and +14.8 to
+18.3%o respectively. The laminated samples have an average ¥’Sr/*Sr of 0.7085 (n = 8), which is consistent
with Frasnian seawater (0.7081) that has undergone some minor water sediment interaction during early diagen-
esis.

The nodular barite has highly variable 3**S (+4.8 to +56.5%0) and 680 (+9.2 to +19.3%0) values, which de-
veloped from more evolved diagenetic pore fluids with limited sulphate re-supply (i.e. as a relatively closed
system). In these conditions sulphate reduction likely occurred at a slower rate, and the sulphate in the barite

records both kinetic (6*S_,) and equilibrium (6'*0__,) isotope effects. One sample of nodular barite has a 3’Sr/
86Sr ratio of 0.7086.

SO4 S04

Our data supports the interpretation that the barite horizon is a stratigraphic marker throughout the Canol For-
mation. Laminated and nodular barite formed as a result of diagenetic processes, which recycled Ba from
organic matter in the sediment below, and reprecipitated it above, the sulphate methane transition zone in the
sediments. We suggest that the combination of high biological productivity and low seawater sulphate at this
time contributed to the efficient cycling of Ba from seawater into the sediments on the continental margin.
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Spot the difference: Investigating in situ lead isotope variations by LA-ICP-MS in plagio-
clase and clinopyroxene from the Kiglapait layered intrusion

Fourny, A., afourny@eos.ubc.ca, Weis, D., Scoates, J.S., and Amini, M., PCIGR, Department of Earth, Ocean
& Atmospheric Sciences, University of British Columbia, Vancouver, BC V6T 174, afourny@eos.ubc.ca

The isotopic geochemistry of layered intrusions (e.g., Skaergaard, Duluth, Muskox, Bushveld) associated with
large igneous provinces (LIPs) is a very powerful tool for constraining magmatic processes during crystalliza-
tion and for identifying mantle source components and quantifying extents of crustal assimilation. The ca. 1307
Ma Kiglapait intrusion is the largest troctolitic intrusion of the ~20,000 km? Nain Plutonic Suite (Labrador,
Canada), a “large plutonic province” that was emplaced incrementally over ~75 million years (1365-1290 Ma).
Kiglapait is one of the most influential layered intrusions in petrology. Solution analyses by multiple collec-
tor-inductively coupled plasma-mass spectrometry (MC-ICP-MS) document puzzling Pb isotopic differences
between coexisting plagioclase and mafic minerals in the Kiglapait intrusion. By in situ analysis, we aim to
identify the mineral(s) and processes responsible for this isotopic heterogeneity. In situ Pb isotopic ratios were
determined in plagioclase and clinopyroxene directly on thin section by laser ablation ICP-MS (LA-ICP-MS) at
the Pacific Centre for Isotopic and Geochemical Research. Due to low Pb concentrations in Kiglapait plagio-
clase (0.3-3.26 ppm) and clinopyroxene (0.03-1.12 ppm), Pb isotope ratio measurements were carried out on a
Nu Instrument AttoM single collector high-resolution sector-field ICP-MS; for plagioclase and clinopyroxene,
internal precision on 2®Pb/**Pb was 1% and 2% (2RSE), respectively. Age-corrected in situ Pb isotopic ratios
of plagioclase (**Pb/**Pb. = 2.40 + 0.05, 2SD, n = 361) overlap with those of the leached plagioclase measured
by solution MC-ICP-MS (***Pb/*Pb. = 2.40 £ 0.03, n = 10). Notably, there is no difference in composition be-
tween plagioclase cores and rims, whereas solution analyses of unleached plagioclase (**Pb/**Pb. = 2.08-2.37)
and leached plagioclase yield distinct compositions. Surprisingly, in situ Pb isotopic ratios of clinopyroxene
cores and rims (***Pb/*Pb, = 2.41 £ 0.13, n = 56) overlap with those of plagioclase and not with the measured
ratios in bulk mafic and clinopyroxene separates (***Pb/**Pb. = 2.05-2.38). The results indicate that the plagio-
clase and clinopyroxene have a restricted range of Pb isotopic compositions and that the radiogenic Pb, docu-
mented by solution analyses, must be carried by a mafic phase other than clinopyroxene in the Kiglapait intru-
sion. A potential candidate is interstitial sulfide, which is the target of on-going in situ work. The application
of in situ Pb isotopic analyses by LA-ICP-MS to layered intrusions has the potential to yield significant break-
throughs in our understanding of their petrogenesis and links to contemporaneous flood basalts and mafic dike
swarms as part of LIPs throughout geologic time.
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The influence of spatial and temporal resolution when simulating groundwater — surface
water interactions with a fully integrated model

Frey, S.K., sfrey@aquanty.com, Berg, S.J., Hwang, H-T., Park, Y-J., Sudicky, E.A., Aquanty, Waterloo, ON,
and Russell, H.A.J., Geological Survey of Canada, Ottawa, ON

Increasingly, groundwater - surface water (GW-SW) interactions are being recognized for their significant
influence on the hydrologic characteristics of Southern Ontario. The behavior of the hydrologic system in turn
has a strong influence on contaminant fate and transport, which then ultimately affects water quality within the
Laurentian Great Lakes. Because of climate and topographic variability, as well as heterogeneities in soil and
subsurface lithology, quantifying GW-SW interactions at a scale meaningful to the Great Lakes requires the
use of advanced modelling tools. However, in hydrologic modelling there is always a trade-off between spa-
tial scale and process resolution, and as of yet a comprehensive understanding of how model resolution influ-
ences simulated GW-SW interactions does not exist. To address this outstanding question, we are conducting

a detailed modelling-based study of GW-SW interactions within the Grand River Watershed, using the Hydro-
GeoSphere fully-integrated GW-SW modeling platform. As part of the work, we are employing two watershed
scale (7000 km?) models built at contrasting resolutions (low: 625K nodes; high: 3.5M nodes) and an ultra-high
resolution 2D cross-sectional model to simulate GW-SW exchanges. Using transient climate/weather data at
temporal resolutions ranging from monthly to daily as forcing data, simulations are being conducted for a range
of different hydrologic conditions that span the drought to flood spectrum. Output from the simulations will be
used to provide insight on how model spatial and temporal resolution can influence the interpretation of GW-
SW interactions within a heterogeneous and highly dynamic hydrologic environment. Results from this work
are intended to guide future modelling initiatives that require realistic multi-dimensional and highly transient
representation of the fully-coupled GW-SW flow system.
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Platinum group element residence sites in Ni-Mo-Zn-PGE mineralized black shales, Yu-
kon

Gadd, M.G., michael gadd(@canada.ca, Peter, J.M., Jackson, S., and Yang, Z., Geological Survey of Canada,
601 Booth Street, Ottawa, ON K14 OES8

Polymetallic metalliferous shales are an important global resource for Zn, Ni, Cu, Mo, Se, U, V, £ Cr, Co, Ag,
Au, platinum group elements (PGE) and rare earth elements (REE). The deposits are typically thin (<10 cm)
and laterally widespread, covering thousands of km?. Yukon hosts some of the best examples in the world and
the Nick Ni-Zn-Mo-PGE deposit is the best-known example in Canada. However, many basic questions remain
unresolved regarding the formation of these deposits, including the host mineral(s) for the PGE. Our research
aims to determine the residence and mineralogical associations of PGE and other elements in the Nick deposit
and several other localities with similar mineralization.

Mineralization is constrained to a thin (<10 cm) layer that is located at the contact between the Cambrian to
Middle Devonian Road River Group and the Middle to Upper Devonian Canol Formation. Within this layer,
the maximum metal abundances are as follows: Ni (7.0 wt.%), Mo (0.33 wt.%), Zn (2.3 wt.%), Pt (511 ppb), Pd
(202 ppb), Ir (10.9 ppb), Ru (12 ppb), Re (25.8 ppm), Se (0.57 wt.%) and As (1.1 wt.%). The semi-massive sul-
fides consist predominantly of vaesite (NiS,), pyrite and sphalerite, with lesser millerite (NiS) and gersdorffite
(NiAsS). Gangue minerals are primarily quartz, barite, apatite and trace to minor K-(Ba) feldspar and pyrobitu-
men.

Vaesite shares mutual boundaries with pyrite, and typically forms 0.1 to 0.2 mm-thick encrustations on pyrite
or occurs as minute grains within pyrite nodules. Less commonly, vaesite occurs as discrete, anhedral grains.
Preliminary laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) trace element concen-
tration maps indicate that vaesite is the principle PGE host mineral; these data show the highest abundances

of Ru (up to 1 ppm), Pd (up to 10 ppm), Os (up to 2 ppm) and Pt (up to 5 ppm) in vaesite, which suggest that
PGE- and Ni-bearing sulphides were deposited coevally. Although Ir is present in relatively high abundances in
the lithogeochemical data, our preliminary LA-ICP-MS data do not identify its host mineral, and the residence
site(s) for Ir currently remain unresolved. Ongoing research will continue to investigate the nature and resi-
dence of PGE at the Nick deposit and other, similar types of deposits in Yukon. Our salient goal is to develop
an internally consistent model that describes the striking metal enrichment within this regionally significant
layer.
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Surficial stratigraphy, past ice flows and their implications for drift prospecting in the
Hudson Bay Lowlands, Canada

Gao, C.!, george.gao@ontario.ca, Crabtree, D.C.!, McCarthy, FM.G.2, Menzies, J.2, Huot, S.>, McAndrews,
J.H.#, Clarke, S.! and Turton, C.L.5, 'Ontario Geological Survey, Sudbury, ON P3E 6B5; *Brock University, St.
Catharines, ON L2S 3A41; *University of Illinois, Champaign, IL 61820, USA;, *University of Toronto, Toron-
to, ON; °Royal Ontario Museum, Toronto, ON M5S 2C6

The Hudson Bay Lowlands, with their major part located in Ontario, are an extensive region underlain by Paleo-
zoic carbonate bedrock along the western coast of the Hudson and James bays. Despite their location near the
centre of the Pleistocene Laurentide Ice Sheet, thick Quaternary deposits up to 100 m thick occur, which include
till, sub-till non-glacial deposits and Holocene lacustrine, marine and peat materials. The Pleistocene sequence
consists of multiple till units and an underlying non-glacial deposit which contains sand, mud and organic mate-
rials of lacustrine, fluvial and marine origins formed under temperate conditions similar to those of the present
day. This sub-till non-glacial deposit, underlain by till locally, is commonly correlated across the lowlands to
the Missinaibi Formation of the Last Interglacial (Sangamonian) defined in the Moose River basin southwest of
James Bay. Radiometric dating of this deposit, e.g., radiocarbon, U-series and OSL, has produced inconsistent
results ranging from Middle Wisconsinan, Last Interglacial (MIS 5) to the previous interglacial stage (MIS 7).
The age of the deposit thus still remains to be determined. The overlying till sequence consists of several, typi-
cally 2, major (thick) till units overlain by the lateglacial tills usually as veneers. The major till units can be cor-
related, in a descending order, to the Late Wisconsinan and older glacial stages depending on the dating results
of the sub-till non-glacial deposit. Regardless of their ages, the ice flow directions these tills are associated with
are consistent across the lowlands, orienting toward the southwest, west-southwest or west. This has strong im-
plications for drift prospecting in this region. In Ontario, significant mineral deposits have been found in recent
years along the margin of the lowlands to the west, e.g., the world-class chromite and large nickel-copper-PGE
deposits in the McFaulds Lake area known as the Ring of Fire area. Recent surficial mapping and till sampling
by Ontario Geological Survey has recovered significantly anomalous amounts of detrital chromite grains from
the Late Wisconsinan till along the upper Attawapiskat River. Because of the southwestward ice flow direction
of this till, these anomalous chromite grains are very likely derived from an unknown source(s) rather than the
known chromite deposits (e.g., Black Thor, Big Daddy and Blackbird) located about 40 km to the north-north-
west, indicating good potential for finding additional such deposits in this area.
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LA-ICP-MS determination of Pb isotopes and trace elements in galena from the Caribou
VMS deposit, New Brunswick, Canada: Implications for the source of metals and fluids

Garcelon, E.A., Lentz D.R., and McFarlane, C.R.M., Department of Earth Sciences, University of New Bruns-
wick, Fredericton, NB E3B 543, e.a.garcelon@gmail.com

The Caribou volcanogenic massive sulphide deposit is in northern part of the Bathurst Mining Camp, New
Brunswick. The deposit is currently in production and contains 7.23 Mt of measured and indicated resources
with average grades of 6.99 % Zn, 2.93 % Pb, 0.43 % Cu, 84.4 g/t Ag, and 0.89 g/t Au. The deposit is hosted at
the base of the volcano-sedimentary Spruce Lake Formation. The immediate footwall and host of the stringer
sulphide mineralization is dominantly shale with minor altered volcanic rocks, while the hanging wall consists
dominantly of felsic volcanic with minor related sedimentary rocks. Massive sulphide mineralization forms six
lenses along a horizon within the Caribou Synform. Each lens is internally zoned with Cu-rich vent proximal
facies mineralization at the base, and Pb-Zn-rich bedded sulphide facies at the top. Nine polished thin section
samples from different depths within five of the six lenses were selected for analysis, and 25 grains of galena
larger than 100 pum were found in each polished thin section (n=225). Laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS) analysis was done using the Resonetics S-155-LR 193nm Excimer
laser ablation system coupled to an Agilent 7700x quadrupole ICP-MS at the University of New Brunswick.
Ablation conditions were 60 um beam diameter, 3 Hz, 0.35 J/cm? fluence, and 20 s ablation duration and data
was standardized using Broken Hill galena and MASS-1 reference material, as well as in-house reproducibility
standards. 2**Pb, 2%Pb, 2’Pb, and *°Pb were simultaneously determined with Ag, Cd, In, Sn, Sb, Te, Hg, T,

and Bi. Resulting 2°Pb/***Pb and 2°’Pb/?*Pb values were relatively homogeneous and overlapped within error,
but 2%Pb/?*Pb values show a clear spectrum of values typical of a mixed source. In 4 of the 5 lenses, the sample
from the base of the lens contains higher 2**Pb/?**Pb than the top. This indicates a change in fluid source during
the formation of this deposit from a crustal A-type magmatic affinity (Th rich) to a normal upper crustal affinity.
Variations in 2Pb/?*Pb shows statistically significant negative correlations with Bi, T1, Te, Cd, and Ag. This
may simply be due to the greater abundance of trace elements at the top of the lenses, and the resulting increase
in coupled substitutions into the galena structure. This study confirms that LA-ICP-MS analysis of galena can
be a relatively rapid and inexpensive method for studying Pb isotopes, metal sources, and examining trace-ele-
ment distribution in Pb-bearing base-metal deposits.
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Crustal-scale tectonism of the Yukon Tanana Terrane, northern Canadian Cordillera:
Constraints from zircon and apatite thermochronology

Gaudreau, E.!, egaud052@uottawa.ca, Schneider, D.!, Ryan, J.2, and Audet, P.!, 'University of Ottawa, Ottawa,
ON, 2Natural Resources Canada, Geological Survey of Canada, Vancouver, BC

Despite the relatively high elevation of the northern Canadian Cordillera, the lithosphere is more than 100 km
thinner than the adjacent craton, reflecting the contrast in thermal regime and crustal exhumation history be-
tween the craton and mountainous Cordilleran region. The models commonly used to explain the present-day
lithospheric structure of the cordillera are down-welling and delamination of the lower lithosphere. To better
resolve the model for the northern Canadian Cordillera, the exhumation history and thermal structure within the
Yukon Tanana Terrane will be elucidated, from which lithospheric strength profiles may be evaluated. The first
phase of this study is determining the timing and rate of exhumation of different crustal blocks within this area
of the cordillera using low-temperature (U-Th)/He thermochronology. Five crustal blocks spanning between
40 and 150 km wide have been defined using magnetic anomaly data and previously published structural and
geochronological data. Numerical modeling of the zircon and apatite thermochronology data indicates that the
Reid Lakes complex of the Yukon Tanana Terrane reached surface temperatures by 50 Ma after a protracted
cooling history in the upper crust. However, most crustal blocks exhumed rapidly (~10 °C/m.y.) to the surface
by 80 Ma following orogenic collapse, and preceding the exhumation to shallow depths of the mid-Cretaceous
metamorphic core complex in western Yukon. These results mark an older exhumation history compared to

the Alaskan and southern Canadian Cordillera, which define a dominant Eocene signature. Understanding the
different processes governing orogenic plateau formation in the northern and southern Canadian Cordillera is
significant for understanding the evolution of craton margins.
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Ductile deformation and shear zone development in the South Range of the Sudbury im-
pact structure

Généreux, C-A., cgenereux@laurentian.ca, Lafrance, B. and Tinkham, D.K., Mineral Exploration Research
Centre (MERC), Harquail School of Earth Sciences, Laurentian University, Sudbury, ON

The Sudbury impact structure represents a deformed impact crater that formed when a bolide collided with the
southern margin of the Superior craton at 1850 Ma. The southern rim (South Range) of the Sudbury impact
structure has been affected by several orogenic events, but the amount of ductile deformation that can be at-
tributed to post-impact versus pre-impact events is still a matter of debate. Most orogenic events that affected
the South Range have the same structural trends (shortening to the northwest), making it difficult to differenti-
ate between events. Some structural features predate the impact and could be attributed either to the Blezardian
(2450-2200 Ma) or Early Penokean (1890-1875 Ma) orogenies, but the extent and timing of pre-impact defor-
mation are not well known. The South Range was brecciated during the impact and was thermally metamor-
phosed during cooling of the fractionated impact melt sheet, likely overprinting earlier structural features. The
South Range was modified after the impact by the formation of major shear systems, such as the South Range
Shear Zone (SRSZ). The older literature attributes the post-impact ductile deformation to the Late Penokean
Orogeny (1850-1830 Ma). Although Penokean ages were obtained in a recent geochronological study of the
SRSZ, other studies suggest that at least some of the deformation corresponds to the 1770-1600 Ma Mazat-
zal-Yavapai orogenies, and a circa 1450 Ma event. The different ages for deformation along the SRSZ could
indicate that the shear zones formed through several deformation events, but the geometry of these post-impact
structures could also be explained by a single, progressive dextral transpression event. In the southwest Sud-
bury impact structure, two main orientations of major shear zones overprint regional folding: 1) northeast-
trending shear zones, which displace the SIC and are on strike with with the SRSZ to the northeast, and 2) an
east-trending mylonite zone, which possibly correlates with the Creighton fault and displays dextral shear sense
indicators. A strong, steeply dipping stretching lineation is present in the shear zones and within all rock types
in the study area. The dextral displacement and the stretching lineation in the east-trending mylonite zone could
have formed by dextral transpression, or during two separate deformation events. Using a combination of field
mapping and microstructural analysis, the development of shear zones in the southwest Sudbury impact struc-
ture will be investigated to resolve this question and further our understanding of the structural evolution at the
southern margin of the Superior craton.
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Application of a hydrogeological conceptual model, south-central Ontario

Gerber, R.E. and Holysh, S., Oak Ridges Moraine Groundwater Program, 101 Exchange Avenue, Vaughan, ON
L4K 5R6, rgerber@owrc.ca

Often political and public perception is that we don’t know enough about our groundwater flow systems to
make effective decisions. Scientists also express frustration with the lack of readily available data and informa-
tion. Perhaps the problem is simply that we as scientists have not done an adequate job of disseminating the
wealth of hydrogeologic knowledge in a readily digestible format. This is illustrated through water resource
management decisions and infrastructure installation problems that proceed seemingly unaware of the historical
lessons learned regarding the hydraulic function of the flow system setting.

A regional three-dimensional geologic and hydrogeological understanding of subsurface conditions can be a
very powerful tool to apply not only to regional initiatives such as water resources management but also to more
local site specific investigations. A regional understanding of the hydrogeologic architecture (i.e. the conceptual
model) should ideally draw upon subsurface information (e.g. borehole geology, hydraulic properties, water
levels and chemistry) generated from historical projects. To effectively draw upon a wide pool of available
information and to synthesize the information into a defensible conceptual model, a management and analysis
system is necessary.

The philosophy for developing a regional conceptual model is that information and knowledge gained from
previous projects can benefit future projects. This information allows specific sites under investigation to be
placed into context within the regional flow system, and also to perhaps benefit from the knowledge gained
from other similar hydraulic settings. For example, is the site in an area with high groundwater pressures? How
extensive is the aquifer that occurs beneath the site? Such information has ramifications to the construction
methods proposed and also to the types of investigative methods that will need to be employed.

This presentation discusses the development and current state of the study area hydrogeological conceptual
model, and how it can assist us in our future endeavours. Specifically discussed is the status of ‘groundwater
problem area’ mapping that seeks to disseminate hydrogeologic knowledge in a format useful to public works,
planning and scientific practitioners. A key feature of the conceptual model is that it is continuously subject to
refinement as new data and information becomes available.
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Along-strike comparison of orogenesis and orogenic collapse within the Canadian Cordil-
lera: Consequences of long-lived oblique convergence

Gibson, H.D., Simon Fraser University, 8888 University Dr., Burnaby, BC V5A 156, hdgibson@sfu.ca

The long-lived oblique convergence along the western margin of the North American craton has resulted in a
highly variable geodynamic setting through time that has produced one of the world’s most complex orogens,
the North American Cordillera, which is characterized by a seemingly chaotic collage of accreted terranes. An
along-strike comparison of the variability of orogenesis and orogenic collapse within the Canadian Cordillera
will be made, which can be attributed to the change in the obliquity of convergence through time from one of
sinistral transpression to orthogonal to dextral transpression to dextral transtension.

Development of high-grade metamorphism and penetrative fabrics within the Canadian Cordilleran hinterland
is strongly diachronous along the length of the orogen. An older and longer history of tectonism seems best
preserved in the northern Canadian Cordillera that includes Permian to Late Cretaceous events, whereas its
southern counterpart mainly preserves Early Jurassic to Late Cretaceous events. Regardless, a significant phase
of orogenesis along the entire length of the Canadian Cordilleran orogen appears to coincide with Early Juras-
sic to mid-Cretaceous obduction of allochthonous terranes over the North American continental margin, which
together with the imbrication of parautochthonous rocks, formed a foreland-propagating orogenic wedge.

Cordilleran orogenesis culminated in a Cretaceous plateau system that may have extended along most of the
length and width of the Canadian Cordilleran hinterland. The plateau system likely achieved a maximum
crustal thickness of at least 55-65 km, akin to that of the Altiplano and Tibetan plateaux, and was underpinned
by plutonism, penetrative ductile deformation and high-grade metamorphism.

From north to south, the timing and modes of collapse of the plateau system and attendant exhumation of the
deep crust appear to be quite different. In the north, the metamorphic hinterland changed from orogen-per-
pendicular wedge dynamics to orogen-parallel extension in the mid-Cretaceous. Rocks situated in the deep
crust in the Middle Jurassic to Early Cretaceous were exhumed in the mid-Cretaceous along southeast-directed
orogen-parallel extensional faults from beneath a supracrustal lid. Like the Himalayan orogen and eastern Alps,
orogen-parallel extension in the northern Cordillera developed in an orthogonal plate convergent setting, simul-
taneous with, and bounded by, orogen-parallel strike-slip faulting that facilitated northwestward lateral escape
of rocks normal to the direction of convergence. Conversely, collapse of the plateau system in the south was
facilitated by Paleogene orogen-normal extensional faulting that coincided with a transition to a dextral trans-
tensional plate convergence setting between oceanic lithosphere and the North American plate.
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Gold deportment: Insights from exploration techniques

Girard, R., rejeang@iosgeo.com, Leconte, V., vieconte@iosgeo.com, Néron, A., neron.alex@gmail.com, [0S
Services Géoscientifiques Inc, 1319 Boulevard St-Paul, Saguenay, QC G7J 3Y2, and Bédard, P., Paul Be-
dard@ugqac.ca, Sciences de la Terre, LabMaTer, Université du Québec a Chicoutimi, Saguenay, QC

Gold has numerous distinctive characters which makes evaluating its deportment in mill difficult. Gold grains
are rare, distribution is uneven, and thus statistical representativeness is difficult to reach. Therefore establish-
ing where it stands and how it behaves in a mill can be challenging. Gold is present as part per million in the
ore, and parts per billion in the tails. Conventional techniques are of no match with statistics, and intense pre-
concentration is required to obtain a sufficient abundance of gold grains to be meaningful.

Preconcentration of gold grains for counting is routine technique in glacial drift exploration. Insight from the
latest technologies enabling recovery of very fine grains can be used for assessing gold deportment in metal-
lurgical processes. Conventional shaking table faces a recovery collapse for grains smaller than 50 pum. Com-
pilation of hundreds of ore petrography studies indicates that gold grains smaller than 50 pm account for 43%
of the metallurgical balance, although they represent 88% of the grains. A significant increase in recovery is
achieved with fluidized beds (ARTGoldMD proprietary technology) and automated SEM grain counting, down
to a grain size of 20 um and 90% of mass recovery. Grains smaller than 20 pm are concentrated by centrifuging
the sample in proprietary salt-based heavy liquids at a density up to 4.0 g/cm? or higher while grains are counted
with automated SEM at high magnification. Non-liberated gold grains, hosted in particle larger than 20 pm, are
concentrated with heavy liquids at a density up to 6.0 g/ml. Mineral proportion and attachment are evaluated
with MLA type SEM routine. These preconcentration processes enable sufficient statistical representativeness
even at the ppb gold level. Gold substituted in sulphide lattice can be evaluated by counting sulphides with
MLA routine, plus spot checks of grade with LA-ICP-MS technique. Finally, gold is also present as remnant of
cyanide leach liquor left as moisture, which can be evaluated by laboratory leaching. Combining these methods
enables to document gold deportment accurately, locates recovery issues and allows adjusting the process ac-
cordingly. Tests are currently being conducted in a few mines from Abitibi.
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The “Lift-Index”: A method for the recognition of complex and heterogeneous signal in
soil geochemistry

Girard, R., 10S Services Géoscientifiques Inc, 1319 Boulevard St-Paul, Saguenay, QC G7J 3Y2, rejeang@,
iosgeo.com

Complexity of soil geochemistry and the metal enrichment processes is typically underestimated by explora-
tion geochemists. This difficulty is traditionally circumvented by using simple statistical interpretation, assum-
ing that the presence of a metal source in bedrock will contaminate its environment in a distinctive manner.
Detailed surveys and test indicated that metal content in soil is dictated by its chemical micro-environment
that controls fixation of metal from the mineralized occurrence. Consequently, metal content varies on a scale
which is much smaller than its source, and the footprint of such mineralized occurrence is multifold. Most of
the metallic signal is controlled by parameters such as pH, 6pH, Eh, TDS, LOI, CEC plus a few controlling or
buffering metals such as calcium and iron. The interplays of these parameters can be factored in using deter-
ministic approaches, and a residual signal is obtained. This residual signal indicates that cations compete for
adsorption site in a complex manner leaving entangled signatures which can hardly be deciphered with the use
of statistics. The method is time consuming. However, the signal can be processed with the use of a binary
classificator (artificial intelligence), which computes the rate of association of a specific signal (metal content)
with a designated event (a known mineral occurrence).

Among the estimator use by binary classificator, the “simple lift” represents the rate of over-representation of a
specific phenomenon (such as Fe between 500 and 5000 ppm) within a target population L = (th/(thJern))/(I\Ip/
N, .)- This estimator is computed for each quartile (bin) of each variable, and its value is attributed to each
variable of an entry (each analysis of each sample). Then, the “lift index” is calculated, which is the sum of

the “simple lift” of the various elements for each sample. Results of the “lift index” are plotted on a map. The
method has been extremely powerful at recognizing complex and heterogeneous signatures over a learning
target (mineralized zone) and detecting similar although partial signature in the remaining population. Example
will be given where geochemical signal in peat developed over 50 metres of overburden in the Abitibi Clay Belt
efficiently responded to buried mineralization.
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Charaterization of the metamorphic gradient across the New Quebec Orogen and rela-
tionships to tectonics

Godet, A., Guilmette, C., Département de géologie et de géenie géologique, Université Laval, Québec, QC G1V
046, antoine.godet. I @ulaval.ca, and Labrousse, L., Laboratoire de Tectonique UMR 7072, UPMC T26E1 case
129, 4, place Jussieu 75252 Paris cedex 05, France

The South-Eastern Churchill Province, accreted and deformed in a transpressional regime during the Paleopro-
terozoic Trans-Hudson Orogeny, is among the best exposed examples of possibly transitional tectonics between
Archean and modern dynamics. Determining its past thermal state is key to the understanding of secular evo-
lution of collision zones. The New Quebec Orogen (NQO) (1,82-1,77 Ga) is located on the west part of the
province and results from the oblique collision between the Superior craton and the Core Zone (CZ). The NQO
is subdivided in two main lithotectonic groups: the Labrador Trough (LT) and the Rachel-Laporte Zone (RLZ).
The volcano-sedimentary sequences of the LT are interpreted as the low-grade westward-thrusted passive mar-
gin of the Superior craton and the RLZ the distal section of the margin involved in the metamorphic wedge. We
present the preliminary results of the metamorphic quantification in the central segment of the orogen along a
50 km-long section, investigated by petrography, thermobarometry and geochronology. The described samples
are garnet + micas =+ staurolite + Al SiO, metapelites and garnet-bearing amphibolites. Pseudosection model-
ling is performed on both chemical systems. The peak conditions vary from upper-greenschist facies conditions
in the LT (5.9-7.4 kbar/521-660°C, with uncertainties ranging from 0.7 to 2.5kbar for the pressure and 40 to
172°C for the temperature, AvgPT tool, THERMOCALC) to upper-amphibolite and locally granulite conditions
in the East (7.0-8.3 kbar/725-823°C). These estimates are concordant with the observation of migmatites, lo-
cally in the RLZ and systematically in the CZ and yield a 40°C/km metamorphic gradient. These observations
point to a common metamorphic evolution of RLZ and CZ during NQ orogeny supporting the hypothesis that
the paraderived RLZ and basement-dominated western CZ may constitute a coherent tectonic unit. However,
metamorphic peak conditions in the Torngat Orogen and the eastern CZ are older than the acknowledged age for
the NQO collision phase, implying a possible tectonic boundary within the CZ that could coincide with the Lac
Tudor shear zone (LTSZ). Lu-Hf dating on garnet, coupled with U-Pb on zircon and monazite are in progress to
constrain prograde and retrograde metamorphism timing, and confirm the inferred polymetamorphic evolution
of the CZ. Preliminary results highlight significant burial of supracrustal sequences along a Barrovian gradient
during the NQ orogeny, which is hardly compatible with the dominantly strike-slip movement of all major shear
zones in the South-Eastern Churchill Province.
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Influence of inherited Indian basement faults on the evolution of the Himalayan Orogen

Godin, L.}, godinl@queensu.ca, Waffle, L.!, Harris, L.B.2, and Soucy La Roche, R.!, 'Geological Sciences and
Geological Engineering, Queen s University, Kingston, ON K7L 3N6; *Institut national de la recherche scienti-
fique, Centre - Eau Terre Environnement, 490 de la Couronne, Quebec City, QC GIK 949

The Himalaya is the result of on-going convergence and collision of India and Asia. The configuration of the
Indian plate prior to collision with Asia is often overlooked, despite its importance in controlling the subsequent
evolution of the orogen. Three fault-bounded orogen-perpendicular paleotopographic ridges of Precambrian
Indian basement underlie the Ganga Basin south of the Himalaya. Analysis of spectrally filtered Bouguer grav-
ity data and edges in its horizontal gradient at different source depths suggests that the bounding basement faults
extend as deep as the base of the Indian lithosphere, and as far north as the northern extent of the underplated
Indian lithosphere beneath the Asia crust. The location of these faults coincide with along-strike changes in the
steepness of the underplating Indian lower crust and tearing of the subducting Indian continental lithosphere.

In the eastern Himalaya, the Yadong-Gulu rift is an active orogen-perpendicular graben developed in the upper
plate (Asia), extending southward toward the north slope of the Himalayan range. The graben aligns with an
earthquake-generating strike-slip fault in the high Himalaya, and with the Kishangang basement fault exposed
in the lower plate farther south in peninsular India. It is argued that the graben results from the development of
a crustal necking zone due to the reactivation of the underplated basement fault. In the central Himalaya, along-
strike diachronous deformation and metamorphism within the Himalayan metamorphic core, as well as lateral
ramps in the foreland thrust belt, spatially correspond to the Lucknow and Pokhara faults bounding the subsur-
face Faizabad ridge in the Indian basement.

Analogue centrifuge modeling confirms that offset along such deep-seated basement faults can affect the loca-
tion, orientation, and type of structures developed in the mid- and upper crust at various stages of orogenesis.
Our models suggest that (1) deep-seated, reactivated basement faults can localize structures in the upper crust
during different stages of orogen evolution, and (2) it is mechanically feasible for strain to propagate through a
melt-weakened mid-crust.

We suggest that these major orogenic cross-strike structures have affected the ramp-flat geometry of the basal
Main Himalayan thrust, partition the Himalayan range into distinct zones, and ultimately contribute to lateral
variability in tectonic evolution along the orogen’s strike. Our interpretation also suggests that south Tibet gra-
ben are spatially related to deep-seated lithospheric-scale faults rooted in the underplated Indian crust.
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Testing the veracity of a key paleomagnetic pole from the initial assembly of the North
American continent

Gong, Z., z.gong@yale.edu, and Evans, D.A.D., david.evans@yale.edu, Yale University, 210 Whitney Avenue,
New Haven, CT, USA

A quantitative kinematic model for the initial assembly of the North American continent has been developed in
recent years based on rapid growth of paleomagnetic and geochronologic data. But problematic data remains
which is hard for current model to reconcile. Previous paleomagnetic poles from the Slave craton at 1.96-1.87
Ga define a ~110° arc near the equator, known as the Coronation loop. If all poles on the Coronation loop are
robust, the assemblage history of the North American continent is more complex than currently envisaged. In
particular, the paleomagnetic pole from the 1.96 Ga Rifle Formation lies substantially east of the rest Corona-
tion poles and is difficult to explain in terms of the modern plate tectonics. Alternatively, this discordance is
argued to be produced by local vertical-axis rotation, true polar wander, or anomalous geomagnetic field. De-
spite large uncertainties, the Rifle pole has been incorporated in various reconstruction studies, pointing to the
significance of testing the veracity of this key pole. We collected five oriented block samples from one horizon
of the Rifle Formation (redbeds) in the Kilohigok basin, eastern Slave craton, NW Canada. Detailed thermal
demagnetization was conducted up to 700 °C. The characteristic remanent magnetization (ChRM) was isolated
at high unblocking temperature (640-680 °C), indicating the hematite is the carrier of the ChRM. The mean
ChRM shows a SE down and shallow direction after tilt correction, which yields a corresponding paleomagnetic
pole considerably different from the previous Rifle pole but is in agreement with the rest poles on the Corona-
tion loop. Stratigraphic correlation suggests that our new samples underlie the previous samples and are more
close to the dated ash layer (1.96 Ga). The new Rifle pole is consistent with the current assembly model of the
North American continent. However, because of the lack of rigorous field tests and insufficient sampling, it is
important to conduct a systematic and continuous paleomagnetic study of the Rifle Formation in future work to
evaluate the robustness of the Rifle poles and to help better constrain the initial assembly of the North American
continent.
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Early mafic magmatism in the Coldwell Alkaline Complex in comparison to MCR volca-
nism

Good, D.J., Department of Earth Sciences, Western University, London, ON N6A4 5B7, dgood3@UWO.ca, Mc-
Bride, J., Stillwater Canada Inc., Marathon, ON, and Epstein, R., PO Box 548, Schreiber, ON

The earliest magmatic event in the Coldwell Alkaline Complex is represented by three distinct units of pyroxene
hornfels grade metabasalt that together make up about 1/3 of the volume of the Eastern Gabbro Suite. Timing
for emplacement of the metabasalt, previously referred to as fine grained gabbro, correlates with early stage
formation of the Midcontinent rift including the lower units of the Mamainse Point Volcanic Group. Contact
metamorphism occurred during intrusion of the Layered Series and the later Marathon Series which is associ-
ated with Cu-PGE mineralization.

The metavolcanic rocks consist of fresh plagioclase, clinopyroxene, orthopyroxene, and olivine and are clas-
sified as gabbronorite to melagabbronorite. The dominant texture is granoblastic with equigranular crystals
having scalloped contacts and 120 degree triple points. Grain size in the lower and upper units is less than
about 100 microns, whereas crystals in the middle unit are up to 1.5 mm. Poikiloblastic olivine and clinopyrox-
ene crystals up to 2 mm in size, occur in the lower and middle units. It is likely that some middle unit samples
represent shallow level intrusions.

The basal and middle units exhibit highly variable AL,O, (5-16%), Ni (100-1325 ppm) and MgO (6-24%) con-
tents similar to group 1 volcanic rocks at Mamainse Point, whereas the upper unit is relatively homogeneous
with A1, O,, Ni and MgO abundances of 14-16.4%, 66-162 ppm and 6.1-9.4%, respectively. The basal unit is
distinguished from the upper two units by high TiO, (1.3-1.86%), low La/Zr PM (<2.3) and low La/Nb PM
(<2.0). The upper unit is distinguished from the lower two units by low Gd/Yb PM (<1.6). All three metabasalt
units exhibit distinctive patterns on a PM normalized spider diagram with depleted Rb, K, Th, Zr and Hf and
enriched Sr relative to Mamainse Point volcanic groups 1 and 2. In addition, Zr/Hf in metabasalt is lower than

for MPVG groups 1 and 2, whereas Th/Yb and Nb/Th from each area are similar.

These observations suggest negligible crustal contamination of magma that formed the metavolcanic rocks. The
basal and middle units are similar in some respects to Group II volcanism of the MCR, but with depleted LILE
and HFSE suggesting the source mantle region for the early Coldwell magmas was different than that which
generated Mamainse Point magma; perhaps due to the presence of residual amphibole in the mantle. The rela-
tively low Sm/Yb PM in the upper unit suggests partial melting occurred a shallower depth than the other units.
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Stratigraphy, structure and magmatism at the Superior—Southern province boundary,
southwestern corner of the Sudbury Igneous Complex, Ontario

Gordon, C.A., caroline.gordon@ontario.ca, and Simard, R-L., Earth Resources and Geoscience Mapping Sec-
tion, Ontario Geological Survey, Sudbury, ON P3E 6B5

Paleoproterozoic Huronian Supergroup (HSG) supracrustal rocks were deposited in a continental rift basin
along the southern margin of the Superior Province during breakup of the Superior craton. The Ni-Cu-PGE
endowed Sudbury Igneous Complex (SIC) is located within this rifted margin straddling the boundary between
the Superior Province to the north and the Southern Province to the south. This area, last mapped over 50 years
ago by the OGS, has been subjected to multiple episodes of deformation which has implications for control and
modification of SIC-related mineralization. The extent and character of the Archean and Proterozoic rocks in
the southwestern portion of the Sudbury Structure have recently been refined through new bedrock mapping,
geochemistry and geochronology with the goal to improve the subdivision of the HSG stratigraphy and intrusive
rocks, and to use this information in the interpretation of the structural history of the area.

Based on lithological, stratigraphic and geochemical characteristics, the sedimentary rocks have been divided
into the Matinenda, McKim, Ramsay Lake, Pecors and Mississagi formations. All belong to the lower HSG
and were deposited during the early rifting phase. The HSG and Archean basement were subsequently intruded
by numerous mafic and felsic suites. In addition to the previously identified Matachewan and Sudbury dike
swarms, Drury Township intrusion, and Nipissing intrusive suite, recent mapping has identified 1) early, NE-
trending plagioclase-phyric dikes that cross-cut the Drury Township intrusion but pre-date the HSG, and 2)
late, EW-trending hornblende gabbro sills and NE-trending felsic dikes, which cross-cut the HSG and Nipissing
intrusive suite.

Structural elements are divided into pre- and post-SIC. Pre-SIC deformation resulted in early thrust faults near
the base of the HSG and large-scale anticlinal and synclinal folding. Post-SIC deformation includes South
Range Shear Zone related NE-trending faults, which offset the SIC and HSG, and an EW-trending mylonite
zone, up to 500 m wide, that straddles the Superior-HSG unconformity. The majority of previously identified
HSG volcanic rocks occur within this mylonite zone which is a major structural feature in Drury Township and
may represent the westernmost expression of the Creighton fault.

Results from this study highlight: 1) pre-SIC deformation in the Sudbury area is more complicated than initial-
ly interpreted, 2) possible westward extension of the Creighton fault, which is known to displace mineralized
offset dikes, 3) the exposure of HSG volcanic rocks is thinner westward than previously mapped, and 4) there
are intrusive events that require further research to unravel.
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Large-scale landscape and lithospheric flexure responses to the Pliocene-Pleistocene cli-
mate transition, Arctic Canada

Gosse, J.C., John.Gosse(@dal.ca, Manion, P., Dalhousie University, Halifax, NS B3H 4R2, Rybczynski, N.,
Carleton University, Ottawa, ON KIS 5B6, Hidy, A., Lawrence Livermore National Laboratory, Livermore, CA
94550, USA, Froese, D., University of Alberta, Edmonton, AB T6G 2E3, Bond, J., Yukon Geological Survey,
Whitehorse, YK Y1A 2C6, Wilton, D., Memorial University, St. John's, NL A1B 3X5, and Lakeman, T., Geo-
logical Survey of Norway, 7491 Trondheim, Norway

In the Canadian Arctic the magnitude of landscape responses to the Pliocene-Pleistocene climate change is
greater than any other in the late Cenozoic globally, in part owing to a steepening of the latitudinal thermal gra-
dient since the Pliocene. The White Channel Gravel (WCG) in Yukon, Beaufort Formation throughout the Ar-
chipelago, and correlative deposits formed an extensive cover of dominantly fluvial and alluvial deposits. Here,
in tectonically quiescent regions, we demonstrate that the landscape experienced a binge-purge response to the
climate transition. '°Be-derived paleo-crosion rates on King Solomon Dome were slow (mean 3 cm/ka) during
the deposition of the lower WCG from 3.80.3 to 3.50.5 Ma (1-o error on 2*Al/!°Be isochron burial ages) while
thick saprolites developed (binge-phase). At 3.5 Ma erosion rates quadrupled (purge phase) as climate began

to cool (as evidenced by cooler paleovegetation, first appearance of ice wedge casts, and globally a significant
glaciation 3.5 to 3.3 Ma). The upper WCG (3.50.5 Ma to 2.80.2 Ma) records a gradual slowing of erosion
(mean 2 cm/ka) following the purge phase as the system became weathering limited. Mineral liberation analy-
sis on the lower and upper WCG reveals a diagnostic inverse stratigraphy with respect to sediment maturity.
The lower WCG has mature quartz-dominated sediment, whereas the upper WCG is increasingly less weathered
toward the top. This is also reflected in the decreasing concentration of placer gold from lower to upper WCG.
We propose this response was even greater poleward. Between 3.8 and 2.8 Ma on the western Archipelago, the
forested, quartz-sand dominated Beaufort Fm coastal plain thickened westward to form a clastic wedge reach-
ing over 2.5 km thick offshore (Iperk Fm). Surface processes that contributed to this binge-purge mechanism
include intense weathering and permafrost thawing (e.g. of the Eureka Sound Group) until 3.5 Ma, followed by
intense frost-cracking and greater precipitation after 3.5 Ma. Striated clasts in a cobble gravel within the Beau-
fort Fm on northern Banks Island may have been deposited during the MM glaciation. We show that litho-
spheric flexure induced by clastic wedge loading and Northwest Passages incision explains large-scale elements
of topography and the remnant distribution of the Beaufort Fm, and requires more than 100 m of Beaufort Fm
erosion on some islands.
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Stratigraphy, chemostratigraphy and paleoenvironmental analysis of a ~1.0 Ga carbonate
shelf succession: The Brock Inlier, Northwest Territories, Canada

Greenman, J.W.!, wilder.greenman@carleton.ca, Rainbird, R.H.2, Dix, G.R.}, and Turner, E.C.3, 'Carleton Uni-
versity, 1125 Colonel By Dr., Ottawa, ON KIS 5B6; *Geological Survey of Canada, Ottawa, ON, 3Laurentian
University, 935 Ramsey Lake Road, Sudbury, ON P3E 2C6

The Brock Inlier is an uplifted region east of Darnley Bay, Northwest Territories, composed of mainly carbonate
and siliciclastic sedimentary rocks of the early Neoproterozoic (~1000-720Ma) Shaler Supergroup. Strata were
deposited in a large embayment (Amundsen Basin), an epeiric sea within the supercontinent Rodinia. Strata

in the Brock Inlier correlate with other inliers of the Shaler Supergroup to the northeast on Victoria and Banks
islands, and with the Mackenzie Mountains Supergroup, to the southwest. The ~900Ma Boot Inlet Formation,
occurs stratigraphically in the middle of the Shaler Supergroup and is interpreted to represent deposition along

a storm-dominated carbonate ramp. Ooidic grainstone characteristic of the basal Boot Inlet Formation is inter-
preted to represent inner-ramp shoals that indicate gradual shallowing from hummocky-cross bedded quartz are-
nites interbedded with laminated dolosiltites and dololutites representing mid-ramp deposits of the conformably
underlying Grassy Bay Formation. Upsection, a transition to intraclast rudstone interbedded with molar tooth
lime-mudstone represent intermittent storm activity and net deepening to mid-ramp facies. Overlying strata are
not exposed in this part of the study area, but to the northwest, are inferred to be represented by stromatolitic
bioherms that capture another shallowing event to inner-ramp deposits. These rocks are succeeded by mid-ramp
and then outer-ramp facies comprising laminated dololutites with interbedded green clay-bearing shales, which
represent rapid basin deepening. Mid-inner ramp facies comprising cross bedded dolosiltites present evidence
of a final shallowing event that is capped by a distinctive ~90m thick, regionally extensive, stromatolite bio-
strome. Multiple shallowing/deepening events are therefore preserved in approximately 300m of section. The
upper Boot Inlet Formation is not preserved in the study area as it has been precluded by sub-Cambrian erosion.

Stable isotope analysis of 131 carbonate rock samples from the Boot Inlet Formation yield 6'*C values rang-

ing from -0.2 to 7.6%o trending positively upsection. 'O values range from -4.1 to -9.5%o with no apparent
stratigraphic trend. No covariation between 6'*C and 6'*0 values is observed, suggesting that diagenesis did not
significantly modify the primary signal. 8'*C and 8'®0 data coupled with lithostratigraphy and a preliminary
sequence stratigraphic framework support and strengthen correlation between the lower Boot Inlet Formation
on Victoria Island (~400km to the northeast) and the lower part of the Little Dal Group in the Mackenzie Moun-
tains (~600km to the southwest). This establishes the broad (>1200km wide) regional distribution of a carbon-
ate platform that extended from the Amundsen Basin, to a contemporary platform in the Mackenzie Basin.
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Contrasting Archean and Proterozoic subcontinental lithospheric mantle: Constraints
from the geochemistry of LIP continental flood basalts

Greenough, J.D., john.greenough@ubc.ca, and McDivitt, J.A., jmcdivitt@gmail.com, Earth, Environmental and
Geographical Sciences, UBC Okanagan, 3333 University Way, Kelowna, BC VIV 1V7

Approximately 3700 basalts from 10 Continental Flood Basalt provinces (CFB) representing 9 Large Igne-

ous Provinces (LIPs) are used to compare Archean and Proterozoic subcontinental lithospheric mantle (SLM).
Mantle source compositions are assessed using Similarly Incompatible Element Ratios (SIER; e.g. Nb/Pb,
Rb/Ba) which are minimally impacted by differentiation and melting percentages. We also use Fe, Mn, Sc, V,
Cr, Ni, Cu and Zn Transition Metal (TM) concentrations in 109 primitive CFB (Mg# = 0.69-0.72) as proxies for
mantle geochemistry. Relative SIER behavior in the data set is consistent with CFB, regardless of emplacement
age, but transecting Archean lithosphere, having higher SLM source concentrations of Rb, K and Pb. Phos-
phorus, Ti, Nb and Ta appear elevated in Proterozoic and younger SLM sources. Archean SLM may have been
enriched in alkali metals and Pb in association with melting of subducted ocean floor to form Archean tonalite-
trondhjemite-granodiorite suites. Niobium, Ti, and Ta were not efficiently transferred to the SLM suggesting
stabilization of oxide phases in down-going Archean slabs. Archean SLM has EM1-like SIER but the ratios are
more extreme than in oceanic island basalts (OIB) supporting an Archean SLM origin for OIB EM1 (Enriched
Mantle 1). Transfer of Archean SLM to the convecting mantle may be from Phanerozoic subduction-related
delamination or local SLM fragmentation during rifting. In contrast, OIB HIMU (high U/Pb) sources appear

to have more extreme SIER than in all CFB but are closest to CFB from Proterozoic SLM. A SLM source for
OIB HIMU provides long-term isolation (no homogenization in the convecting oceanic mantle) for incubation
of subducted ocean floor to yield the extreme Pb isotopic compositions of HIMU. There is a tendency for lower
Sc, Cr, Ni and Cu, and higher Zn, in Archean-cutting CFB and EM1 OIB, than in Proterozoic-cutting CFB and
HIMU OIB. All CFB have SiO, (pressure proxy) — Nb/Y (percent melting proxy) relationships supporting low
pressures and high percentages of melting that resemble OIB tholeiites, but TM concentrations do not correlate
with percent melting. Various works have suggested that TM-fertile LIP layered mafic intrusions tend to occur
in association with rifted Archean terranes. However, it does not appear that their economic viability is related
to higher metal concentrations or higher percentages of melting in Archean SLM. Other characteristics of these
Archean-cutting LIP magmas (e.g. S or O fugacity) may lead to element scavenging/concentration during dif-
ferentiation to form ore deposits.

GAC-MAC 2017 - Volume 40 Abstracts / Résumés 133



Understanding the response of arsenic in sub-Arctic lakes to Holocene climate variability

Gregory, B.R.B.,, braden.gregory@carleton.ca, Patterson, R.T.!, Galloway, J.M.? Nasser, N.A.!, Macumber,

A.L2, Falck, H.% and Sexton, A.5, 'Carleton University, 1125 Colonel By Dr., Ottawa, ON KIS 5B6,; *Geo-

logical Survey Canada, 3303-33 St. NW, Calgary, AB, T2L 2A7; 3School of Natural and Built Environments,

Queen’s University Belfast, ElImwood Avenue, BF'S, UK, BT7 INN, *Northwest Territories Geological Survey,
4601-B 52 Avenue, Yellowknife, NT X1A4 2L9; *Geovector Management, 10 Green Street, Suite 312, Nepean,

ON K2J 376

Climate variability has a profound impact on the bio-physico-chemical environment in high-northern latitudes
by altering lake hydrology, seasonality, and permafrost development, in addition to other mechanisms. These
changes, in turn, influence chemical loading, cycling, and stability in northern lakes. Characterization of the
impact of these and other drivers of chemical change are thus critical for sustainable development of natural re-
sources and environmental assessment. This is particularly true of hydrothermal gold deposits in the Slave Geo-
logical Province (SGP), Northwest Territories (NWT), associated with abundant arsenopyrite that can transform
to more toxic forms of arsenic (As) through weathering and ore processing. For example, the Giant Mine near
the Yellowknife released substantial quantities of As to the environment during ~65 years of gold ore process-
ing. In the NWT, where aforementioned gold mining activity pre-dates long-term monitoring data, paleoeco-
logical studies of lake sediments permit reconstruction of natural variation in As associated with climate change.
To define past and current impacts from resource development, and to understand the impact of climate change
on As concentrations in lacustrine systems, sediment cores were recovered from Milner Lake, a site adjacent to
a prospective gold mine within heavily mineralized shear zones in the SGP ~15 km North of Yellowknife.

Sediment cores were collected using freeze coring, a method that permits the high-resolution sampling required
in slow-sedimentation, high-latitude lakes, where <1 cm of sediment deposition may represent >100 years.
Sediment cores were analyzed using Itrax core-scanning x-ray fluorescence (Itrax-XRF). Itrax-XRF provides
sub-mm geochemical data for a fraction of the cost and time required for ICP-MS analysis. This high-resolu-
tion approach is necessary to identify climate cycles (e.g. Pacific Decadal Oscillation) and hypothesized asso-
ciated chemical trends occurring on a timescale relevant for land-use planning. Sediment cores were sub-sec-
tioned into 12 x 3 cm slabs and transported to the McMaster University Itrax core-scanning facility for analysis.
On site, sub-sectioned material was placed into custom-designed sample holders used for analyzing frozen
sediment. Remaining core material was sub-sampled for particle size analysis, Rock Eval pyrolysis and micro-
paleontological analyses to provide insight into the processes potentially involved in geochemical change and
to quantify ecological responses to climate and chemical change. Bulk organic matter samples were selected at
regular intervals along the core length for radiocarbon analysis. Here we present preliminary results from geo-
chemical analysis of a core and comment on the observed geochemical response to major climate events, such
as the Little Ice Age.
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Keynote (30 min): Self-consistent shear zone formation with applications to thermochro-
nological dataset interpretation

Grujic, D., Department of Earth Sciences, Dalhousie University, Halifax, NS B3H 4R2, dgrujic@dal.ca, Jaquet,
Y., Duretz, T., Masson, H., and Schmalholz, S.M., Institute of Earth Sciences, University of Lausanne, 1015
Lausanne, Switzerland

Crustal-scale shear zones are generated by strain localization, which in turn has several controlling mechanisms.
We perform two-dimensional numerical simulations of shortening a viscoelastoplastic lithosphere to investigate
the strain localization due to thermal softening.

Our modelling results demonstrate that orogenic wedges develop spontaneously in response lithospheric short-
ening in a basic thermo-mechanical framework. The modelled orogenic wedges are characterised by the pres-
ence of (i) a first order deeply rooted shear zone, and (ii) a sequence of second-order shear zones in the upper
crust. All shear zones are caused by thermal softening and result from local temperature increase due to shear
heating and the temperature-dependence of viscosity. Continental underthrusting takes place along a first-or-
der shear zone that initiates spontaneously. Whereas a sequence of second-order shear zones dissects the upper
crust in a series of tectonic nappes altogether forming an orogenic wedge. The depth of the upper/lower crust
boundary controls the lateral spacing of upper crustal shear zones. In the models, the second order shear zones
are typically active for a duration between ~1 and ~4 My, while the first-order shear zone is active during the
entire simulation (10 to 20 My).

The changes in rate of exhumation cause the underlying temperature field to change; the shear zones strongly
deflect the isotherms by heat advection during the orogenic event and the rapid thermal relaxation towards a
conductive geotherm that follows. The high temporal resolution of our experiments demonstrates that such
shear zones are transient in time so that the resulting shear heating is also transient. These thermal processes
have an effect on the techniques used to determine exhumation rates in the upper crust and consequently on the
techniques used to determine the age of the faults and shear zones. To include the effect of a transient tem-
perature field requires solving the heat equation numerically. Examples of natural temperature histories will be
discussed in the terms shear zone histories by comparing false interpretations using traditional techniques and
their reinterpretation based on numerical predictions.
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Use of anisotropy of magnetic susceptibility (AMS) to analyze magmatic petrofabrics in
Cu and PGE bearing gabbroic units of the Marathon Cu-PGE deposit, Ontario

Gunawardana, H., McCausland, P.J.A., Good, D.J., and McBride, J., Department of Earth Sciences, Western
University, London, ON N6A4 5B7, hgunawa@uwo.ca

Petrofabric assessment of Cu and PGE bearing gabbroic units has been conducted on oriented drill core samples
obtained from the Main Zone of the Marathon Cu-PGE deposit. Samples taken from three oriented drill cores
representing mineralized and non-mineralized zones were analyzed using Anisotropy of Magnetic Susceptibility
(AMS). These magmatic Cu-PGE sulphide deposits are proposed to have formed by intrusion of a crystal mush
within a magma conduit setting. Magnetic anisotropy is influenced by the preferred orientation of the long

axes of grains of magnetite, which is similar to the overall petrofabric of the samples defining the flow direc-
tion of the crystal-bearing magma. Susceptibility ellipsoids constructed from analysis of AMS measurements
were plotted on a Flinn diagram to investigate the dominant petro fabric textures, indicating the presence of a
well-defined planar fabric. Samples that gave results of the highest degree of planar fabrics were from the Two
Duck Lake Gabbro lithology; the lithological host of most of the Marathon deposit. Stereonet projection of the
directional distribution of the susceptibility ellipsoid maximum and intermediate vector directions gives a well-
defined planar fabric orientation of strike 177 and dip 25° to the west, in excellent agreement with proposed
flow direction based on 3D modeling of footwall troughs containing the higher grade mineralization. A fabric
lineation has also been detected for drill cores obtained from the Main Zone with an average trend of 295 and a
plunge of 29° reflecting the likely direction of origin for the magma. Samples obtained from W-horizon area of
the Marathon deposit also indicate strong planer fabric foliations. The AMS fabric orientation is a potentially
useful tool to independently quantify flow structures in magmatic systems.
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Community organization of equatorial reef-dwelling brachiopods from the early Silurian
(late Telychian) Attawapiskat Formation, Hudson Bay, Canada

Gushulak, C.A.C., Paleoecological Environmental Assessment and Research Laboratory (PEARL), Department
of Biology, Queen s University, Kingston, ON K7L 3N6, 16cacg@queensu.ca, and Jin, J., Department of Earth
Sciences, The University of Western Ontario, London, ON N6A 5B7

The well-known benthic assemblage (BA) concept developed in the 1970s has facilitated understanding the
community structures of early—middle Paleozoic level-bottom environments, through the study of rich and di-
verse invertebrate faunas. The concept, however, is difficult to apply to reef settings due to increased substrate
heterogeneity and the common mixing of generally discrete level-bottom benthic communities. In this study,
Shannon and Simpson diversity indices were calculated for reef-dwelling brachiopod faunas from several North
American, and one European, localities. Reef-dwelling brachiopod diversity collapsed at the end of the Ordo-
vician and did not recover for several million years until the mid-Aeronian when modestly diverse reef faunas
appear in the high-latitudinal tropics of Laurentia. Reef-dwelling brachiopods did not achieve high diversity
levels until the Telychian when reefs colonized the paleoequatorial located Hudson Bay and Moose River ba-
sins. The middle—late Telychian Attawapiskat Formation contains the earliest known coral-stromatoporoid reef
complex which is associated with a highly diverse (53 species) brachiopod-dominated benthic fauna. Large col-
lections (>9000 specimens) of brachiopods from this formation were collected from 30 sites on Akimiski Island,
James Bay, Nunavut in the early 2000s. Cluster and principal components analyses separated the reef-dwell-
ing fauna into 10 community associations based on taxonomic composition. These associations were further
grouped into a level-bottom-like and cryptic group based on dominant brachiopod taxa, diversity levels, average
shell size, substrate type, and the area of the reef they inhabited. The level-bottom-like group consisted of low-
diversity associations dominated by large shells which prefer flat inter-reef areas while the cryptic group is com-
posed of high diversity assemblages dominated by small shells which aggregated within reef cores surrounded
by corals and stromatoporoids. Brachiopod community zone mixing within the Attawapiskat Formation is
explained by water temperature and storm frequency. It has been shown that the equatorial seas were too warm
during the Telychian to be invaded by the cool-water Stricklandia. The presence of deep-water species Clorinda
and Gypidula in the shallow water Attawapiskat reefs is due to the lack of hurricane-grade storms in the equato-
rial region. In higher latitudes these storms restrict these species below storm wave base as their small shells
would be easily smothered by storm deposited mud.
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One billion years of fluid-flow through giant carbonate mounds, Mesoproterozoic Na-
nisivik zinc district, Nunavut

Hahn, K.E., kx_hahn@laurentian.ca, Turner, E.C., and Kontak, D.J., Harquail School of Earth Sciences, Sud-
bury ON

The Mesoproterozoic (1.1 Ga) Borden basin (Nunavut) contains extremely large deep-water dolostone seep-
mounds (Ikpiarjuk Formation) associated with syndepositional faults. Primary voids in the Ikpiarjuk Forma-
tion’s microbial framework contain multiple generations of synsedimentary and late cement. The mounds’
post-seafloor diagenetic history, as recorded by late cements, was studied using in situ analytical methods,
including petrography, SEM analysis, fluid inclusion microthermometry and evaporate mound analysis, LA-
ICP-MS analysis, and SIMS analysis of O isotopes. Six void-filling late cements include, in paragenetic order:
inclusion-rich euhedral dolomite (ED), finely crystalline clear dolomite (FCD), hematite-bearing dolomite
(HD), coarsely crystalline clear dolomite (CCD), quartz (Q), replacive calcite (RC) and late calcite (LC). Aver-
age homogenisation temperatures of fluid inclusion assemblages in FCD, HD, CCD, and Q are 110°C, 84°C,
117°C, and 154°C, respectively. Combined eutectic and ice melting (Tm(ice)) temperatures of FCD, HD,

and CCD inclusions indicate Ca-rich, saline fluids (20 to 37 wt. % equiv. NaCl). In contrast, the Tm(ice) for
quartz-hosted inclusions indicates a lower-salinity NaCl fluid (14 wt.% equiv. NaCl) than preceding phases.
Average 8'0 values of dolostone, ED, FCD, CCD, Q, RC and LC are +26.3%o, +34.3%o, +35.4%0, +24.5%o,
+26.6%0, +15.2%0 and +9.5%o, respectively. Dolostone, ED, and FCD have shale-normalised REE+Y patterns,
with LREE<HREE, no La or Gd anomalies, and positive Y anomalies. Hematite-bearing dolomite has abun-
dant hematite inclusions and rare pyrite, sphalerite, and galena inclusions. Coarsely crystalline clear dolomite
has significant LREE depletion and MREE>HREE. Calcite displays LREE<HREE and a strongly negative Ce
anomaly. In paragenetic order, the cements record the following history: (1) ED precipitation by autocementa-
tion during shallow burial (fluid 1); (2) progressive mixing of Ca-rich hydrothermal fluid with seawater-derived
pore water, resulting in precipitation of FCD followed by HD (fluid 2); (3) continued hydrothermal dolomite
precipitation (CCD) from a mixture of high-Ca and K-bearing fluids (fluid 3); (4) hydrothermal Q precipitation
(fluid 4), and (5) RC and LC precipitation by meteoric water (fluid 5) in or since the Mesozoic. Sulphide inclu-
sions in HD provide a possible link to the Nanisivik Pb-Zn mineralising event (ca. 1.1 Ga). Fluids associated
with FCD, HD, and CCD may have been mobilised during deposition of the upper Bylot Supergroup; this inter-
val was the most tectonically active time in the region’s Mesoproterozoic to Recent history. The entire history
of episodic fluid migration and cement precipitation spans over 1 billion years.
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Late Ordovician chemostratigraphy of the Hudson Bay and Moose River basins

Hahn, K.E., Harquail School of Earth Sciences, Sudbury ON, kx_hahn@laurentian.ca, Turner, E.C., Armstrong,
D.K., and Nicolas, M.P.B.

The Paleozoic epicratonic Hudson Platform contains several sub-basins segregated by basement arches. The
Moose River Basin (MRB) (northern Ontario), and the Hudson Bay Basin (HBB) (northern Ontario, northern
Manitoba, and southern Nunavut) contain approximately similar stratigraphic successions that differ substan-
tially in thickness. To investigate the thickness differences of the two basins during the Late Ordovician, stable
8!3C isotope chemostratigraphy was undertaken on core samples. Ten isotopic stages are identified in Upper
Ordovician strata of the HBB. These stages are correlatable across much of the subsurface stratigraphy and into
the type-section outcrop belt near Churchill, Manitoba. These isotope stages are best developed in basinward
sections, whereas sections closer to the paleo-basin margin display heterogeneity due to paleoenvironmental dif-
ferences. When combined with published biostratigraphic data, several of the positive isotope excursions in the
HBB isotope curve are linked to established North American isotope excursions, including the end-Ordovician
Hirnantian Isotope Carbon Excursion (HICE), and possibly the Elkhorn, Whitewater, and Waynesville excur-
sions. Stable isotope stages are more difficult to distinguish in the MRB, where biostratigraphic data are lim-
ited; five distinct isotope stages are present. The stable isotope profiles in the MRB seem to have been variably
affected by extensive dolomitisation, and interpretation is further complicated by substantial lateral changes in
lithofacies and possible exposure intervals. Based on interpreted position of the Ordovician-Silurian boundary,
the HICE is also identified in the MRB, but poor biostratigraphic control makes linking of other MRB isoto-
pic excursions to the HBB and the global curves tenuous. Chemostratigraphic correlation confirms that Late
Ordovician (Katian through Hirnantian) sediment accumulation rates were markedly different in the HBB (200
m) and MRB (50-75 m). Despite the thickness variation, the C isotope curve, lithofacies, and the interpreted
paleoenvironment through the Portage Chute Formation in both basins are very similar. The C isotope curve
through the Surprise Creek Formation differs markedly between both basins, in spite of displaying a similar
thickness through both basins and broadly similar paleoenvironments. The Caution Creek and Chasm Creek
formations are entirely absent in the MRB yet there is no evidence for a lengthy depositional hiatus, and the
lowermost Red Head Rapids Formation of the MRB may represent a lateral facies equivalent of missing strata.
The uppermost Red Head Rapids Formation was a subaqueous evaporitic basin in the HBB, but a subaerial
mudflat in the MRB, and despite the vast difference in lithofacies and paleoenvironment the C isotope curves
are similar.
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New U-Pb ages on Neoproterozoic dykes in Yukon and Tasmania: Further evidence for a
Laurentia-Tasmania liaison in Rodinia?

Halverson, G.H., McGill University, 3450 University Street, Montreal, QC H3A OES, galen.halverson@mcgill.
ca, Denyszyn, S.W., McGregor, C., University of Western Australia, Perth 6009, WA, Australia, Cox, G.M.,
University of Adelaide, North Terrace, Adelaide 5000, SA, Australia, Everard, J., Cummings, G., Mineral Re-
sources Tasmania, PO Box 56, Hobart 7018, TAS, Australia, and Calver, C., University of Tasmania, Private
Bag 79, Hobart, TAS, 7001, Australia

We report new high-precision U-Pb baddeleyite ID-TIMS ages on Neoproterozoic dyke swarms in Yukon and
Tasmania. The small, arcuate, N-NE trending Tatonduk dyke swarm straddles the Alaska-Yukon border in the
Proterozoic Tatonduk inlier at the western extremity of Laurentia, where it intrudes late Mesoproterozoic—To-
nian strata of the Pinguicula and Fifteenmile groups. These mafic dykes are assumed to be equivalent to the
Pleasant Creek Volcanics, a sequence of massive and pillowed basalts lying unconformably above Tonian strata
and conformably below Rapitan-aged glacial deposits. Concordant U-Pb data on baddeyites from a single
Tatonduk dyke yield a weighted-mean 2°Pb/?*#U age of 713.7 +£ 0.9 Ma (26, MSWD = 0.13, n=4). The Tayatea
dyke swarm comprises a series of mainly tholeiitic dykes that intrude the Mesoproterozoic Rocky Cape Group
in and near the Smithton Synclinorium in northwestern Tasmania. The Tayatea dykes have been subdivided
into three groups based on their geochemistry and orientation. Baddeleyite crystals separated from two of these
groups yielded weighted-mean 2°Pb/***U ages of 711.5 + 2.5 Ma (26, MSWD = 0.22, n=7) and 690.3 + 2.3 Ma
(20, MSWD = 0.83, n=8). The new date on the Tatonduk dykes and stratigraphic relationships imply that the
Pleasant Creek Volcanics were emplaced during the early Cryogenian (Sturtian) glaciation. It also provides a
maximum age on deposition of overlying iron formation that is strikingly similar to a detrital zircon U-Pb maxi-
mum age on the Sayunei iron formation in the Rapitan Group on the Yukon-Northwest Territories border. Both
dates are close to the older Tayatea dyke age and similar to SHRIMP U-Pb ages on the Sturtian Scout Mountain
Member of the Sturtian Pocatello Formation in southern Idaho. The younger Tayatea age is similar to SHRIMP
ages obtained on the upper Pocatello Formation, the equivalent Edwardsburg Formation in central Idaho, and
the Gataga Volcanics in northern British Columbia. Together, these new radiometric ages support a Proterozoic
link between Tasmania and the Cordilleran margin of Laurentia, which has been proposed based on the parallels
between the Rocky Cape Group and the ca. 1.45 Ga Belt Supergroup and their respective detrital zircon spectra.
These ages also add to a growing list of intermediate to mafic magmatic events along the northern and west-
ern margin of Laurentia that overlap with ages from the Franklin large igneous province (LIP) and collectively
define a spectrum from plume- to rift-related magmatism associated with the break-up of Rodinia and onset of
Cryogenian glaciation.
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Matachewan dyke swarm: New high-resolution U-Pb studies refine the emplacement
chronology of the Matachewan LIP

Hamilton, M.A., mahamilton@es.utoronto.ca, Walsh, N.J., Earth Sciences, University of Toronto, Toronto, ON
M5S 3B1, Bleeker, W., Geological Survey of Canada, Natural Resources Canada, 601 Booth St., Ottawa, ON
KI1A4 OES, and Halls, H.C., Dept. of Chemical and Physical Sciences, University of Toronto Mississauga, Missis-
sauga, ON L5L 1C6

The Matachewan large igneous province (LIP) comprises one of Earth’s most extensive and voluminous radi-
ating mafic dyke swarms, infolded remnants of flood basalts, gabbroic to anorthositic layered intrusions and,
locally, granitic plutons and rhyolites. Yet despite its enormous size and relevance to plate reconstructions
involving the Superior craton and now dispersed members of its predecessor craton Superia, the detailed age
structure of the Matachewan LIP has remained to be resolved. The Fe-rich, qz-tholeiitic Matachewan diabase
dykes, striking mostly N-S to NW, outcrop over 300,000 km? and appear to radiate from a magmatic focal point
south of Sudbury along the southern Superior margin. The widely-cited, pioneering U-Pb study by Heaman
(1997) established constraints from four Matachewan dyke localities, revealing ages at 2445 Ma and 2473 Ma,
and a possible minimum span of magmatism of ~30 Myr. Coupled with ages for a number of lavas, plutons and
mafic layered complexes (some of which host Ni-Cu-Cr(V) and PGE mineralization) near the cratonic margin,
the potential interval of magmatism reaches ~45 Myr.

We present new U-Pb baddeleyite geochronological data for 11 Matachewan dykes, collected from a wide
geographic area, in order to provide accurate and precise limits on the emplacement chronology of this giant
radiating swarm, to test the pulsed or continuous nature of the magmatism, and to test age relationships between
intrusive and extrusive members of this LIP. With one exception, we find that all Matachewan dykes studied
appear to have been emplaced in a continuous fashion within a narrow time interval between 2462 Ma and 2450
Ma. A single, roughly N-S trending dyke from Rouyn-Noranda yields a much older age of 2479 Ma, but lacks
characteristic plagioclase phenocrysts/megacrysts and has anomalously high La/YDb relative to typical Ma-
tachewan dykes. This dyke may represent a component of a distinct, unrelated swarm, intermediate temporally
between Matachewan dykes and the ca. 2505-2515 Ma Mistassini dyke swarm, focused further northeast along
the southern Superior margin. Ongoing efforts are being made to improve the accuracy and precision of ages
for other components of the LIP (e.g. East Bull Lake intrusions, see Clough & Hamilton, this meeting). Paleo-
magnetic studies of precisely-dated dyke samples suggest they capture at least one polarity reversal during this
interval. Precise correlations are now more reliably testable with mafic magmatism in Wyoming and Karelia-
Kola cratons, which have been suggested as complementary components of a rifted supercontinent formerly
involving Superior craton.
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U-Pb dating of Payne River and Tasiataq diabase dykes of the NE Superior craton: Impli-
cations for the 2.17 Ga Biscotasing magmatic event and rifting along the eastern cratonic
margin

Hamilton, M.A., Earth Sciences, University of Toronto, 22 Russell St., Toronto, ON M5S 3B1, mahamilton@
es.utoronto.ca, Pehrsson, S.J., and Buchan, K.L., Geological Survey of Canada, Natural Resources Canada,
601 Booth St., Ottawa, ON KI1A4 OES

Early U-Pb dating of two NNW trending Payne River dykes in northern Ungava indicated an imprecise age
estimate of ca. 2170-2160 Ma. Further study of these two dykes has been carried out to refine their ages. A
paleomagnetic study of the NW trending Tasiataq dyke, ~200 km south of the Payne River dykes, suggested
that it was part of the 1998 Ma Minto dyke swarm. However, more recent work indicated that this dyke might
not belong to the Minto swarm based on differences in geochemistry, paleomagnetic polarity, and dyke orienta-
tion (ie. an orientation inconsistent with the overall geometry of the newly-identified Minto-Lac Shpogan giant
radiating swarm). Therefore, U-Pb dating of the Tasiataq dyke has been carried out to clarify its age. The pair
of Payne River dykes yield concordant, overlapping CA-ID-TIMS U-Pb zircon ages of 2169.9 + 1.5 Ma and
2169.2 = 1.5 Ma. The Tasiataq dyke yields a U-Pb baddeleyite age of 2169.5 + 2.1 Ma. Therefore, the ages of
the Tasiataq dyke and Payne River dykes are indistinguishable. Taken together, these dykes suggest a radiating
pattern focused near the coeval Cramolet Lake gabbro sills of the New Quebec Orogen. These three units are
also coeval with the extensive Biscotasing dyke swarm and the Otish gabbro sills of the Otish sedimentary basin
in the southern Superior craton. The Biscotasing swarm trends SW and may form part of an overall radiating
pattern with the Payne River and Tasiataq dykes, although the Biscotasing dykes have yet to be traced close

to the New Quebec Orogen. If so, then the overall, short-lived, voluminous 2.17 Ga mafic magmatic episode

— termed the Biscotasing event — would appear to be centred along the Superior craton’s eastern rifted margin.
Elements of this magmatic event may be found on whichever cratonic block rifted away from the eastern Supe-
rior. The three subswarms are dominantly Fe-enriched, quartz-normative tholeiites with coherent incompatible
trace element compositions. Paleomagnetic data from Tasiataq, Payne River and Biscotasing dykes are broadly
consistent, and record at least one magnetic field reversal. The Biscotasing paleopole and the Tasiataq virtual
geomagnetic pole (VGP) are known to date from the time of dyke emplacement, whereas the Payne River
VGP has not been demonstrated primary. The difference between the Tasiataq VGP (from a single dyke) and
the Biscotasing paleopole may reflect secular variation, although a small amount of block rotation between the
northeastern and southeastern Superior craton cannot be ruled out.
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An experimental and innovative approach to peer learning in the field

Hanano, D., dhanano@eos.ubc.ca, Scoates, J.S., Weis, D., Bilenker, L.D., and Gilley, B., University of British
Columbia, #2020-2207 Main Mall, Vancouver, BC V6T 174

The use of active learning and collaborative strategies is widely gaining momentum at the university level and
can be applied in class and field instructional settings. Peer learning, when students learn with and from each
other, is based on the principle that students learn in a more profound way by explaining their ideas to oth-

ers and by participating in activities in which they can learn from their peers. The Multidisciplinary Applied
Geochemistry Network (MAGNET), an NSERC Collaborative Research and Training Experience (CREATE)
initiative, recently experimented with this approach during our 4™ annual workshop. In August 2016, we took a
group of 25 geochemistry graduate students from across Canada to explore three remarkable field sites in Mon-
tana and Wyoming spanning 4 billion years of Earth history: the Stillwater Complex, the Beartooth Mountains
and Yellowstone National Park. Rather than developing a rigorous teaching curriculum led by faculty, groups
of students were tasked with designing and delivering half-day teaching modules that included field activities at
each of the locations. Over the course of two months and with feedback from mentors, the students transformed
their ideas into formal lesson plans, complete with learning goals, a schedule of teaching activities, equipment
lists, and plans for safety, environmental mitigation and archiving of samples and data. This shift, from teacher-
centered to learner-centered education, requires students to take greater initiative and responsibility for their
own learning and development. We highlight the goals, structure and implementation of the workshop, as well
as some of the successes and challenges. We also present the results of participant feedback taken immediately
after each lesson and both pre- and post-trip surveys. This self-reflection and peer assessment provides valu-
able insight into student learning and perceptions of what worked and what could be improved. The outdoor
classroom and hands-on activities enhanced understanding of concepts introduced earlier in the year and gave
students a sense of scale, context and perspective. The trainee-led format facilitated peer knowledge transfer
and the development of skills in three key areas: (1) project and time management, (2) teamwork and communi-
cation, and (3) critical thinking and problem-solving. Time constraints and unforeseen field circumstances were
the most difficult aspects that the student instructors had to overcome. The MAGNET experience with peer
learning offers the opportunity to learn from an established Canadian training program and represents a model
that can be adapted for future field courses and workshops.
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High-energy subglacial to proglacial erosion produced eskers, canyons and “scabland-
like” river courses draining into the Pasfield Lake Impact Structure, northeastern Sas-
katchewan

Harper, C., Harper Geological Consulting & Exploration, Regina, SK, ctharpergeology@gmail.com
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A new geological map and map database for Canada north of 60

Harrison, J.C., St-Onge, M.R., Paul, D., and Brodaric, B., Geological Survey of Canada, Ottawa, ON KIA
0ES, christopher.harrison@canada.ca

Two and a half years in the making, staff of the Geological Survey of Canada (in cooperation with the Yukon
Geological Survey, the Northwest Territories Geological Survey and the Canada-Nunavut Geoscience Office)
have been constructing a new regional-scale geoscience map and map database for Canada north of 60. The
purpose of this presentation is to provide an overview of the map and related database components and capabili-
ties for access and retrieval of a wide range of geoscience information as might be used for land use evaluation,
and mineral and energy exploration across the region.

Types of data include polygon and line spatial objects covering Yukon, Northwest Territories, Nunavut and the
offshore. Linear features include faults of various types. Primary polygon attributes include: lithologic units
(assigned from a list of 164 terms) and compiled at the “super assemblage” level; plutonic and volcanic settings
and environments of sedimentary deposition; protolith age range (based on the latest ICS International Chro-
nostratigraphic Chart); terrane and craton name; and map label. Example captured tectonic features include
cratons (Slave, Superior, Rae, Hearne) and terranes (Hottah, Narsajuaq, Meta Incognita, Pearya, Cassiar, Cache
Creek, Wrangell and others). Secondary polygon attributes accessed through the database include map and data
source references, source unit name, source unit descriptions as provided by source map legends, tectonic set-
tings, grain-size, particle type and bedding features of stratified units to compositional and metamorphic mineral
assemblages. All attributes are documented using a best-practice, internally-consistent science language and
hierarchical schema developed by the project team.

Recently released source maps compiled for the present publication include Yukon (scale 1:1,000,000, west-
ern Northwest Territories (1:250,000), Arctic Islands (1:1,000,000), northern and southwestern Rae Craton
(1:500,000) and parts of southern Baffin Island (1:100,000). Release of the new geological map and map data-
base for Canada north of 60 is planned for later in 2017 (1:4,000,000).
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The life of a LIP plume tail: Hawaiian-Emperor chain over ~85 Myr

Harrison, L.N., Pacific Center for Isotopic and Geochemical Research, Dept. of Earth, Ocean & Atmospheric
Sciences, University of British Columbia, Vancouver, BC, lharriso@eoas.ubc.ca (+ 2nd author)

Large igneous provinces (LIPs) are voluminous outpourings of basaltic magma that occur over geologically
short timescales. LIPs that erupt in oceanic settings provide the opportunity to study the deep mantle source
removed from continental sources of contamination and, for long-lived systems, their evolution of with time.
In the case of the Hawaiian-Emperor (HE) chain, the sourcing of magmatic material by a long-lived, deeply-
sourced mantle plume allows for insight into plume dynamics, deep mantle geochemistry, and variations in
magmatic flux.

This study completes the geochemical record of the entire HE chain by filling in a significant data gap along the
Northwest Hawaiian Ridge (NWHR), which is composed of 51 volcanoes spanning ~42 Myr between the bend
in the HE chain and the Hawaiian Islands. The NWHR is where geochemistry of the Hawaiian plume changed
drastically: only Kea geochemical compositions are observed on Emperor seamounts (>50 Ma), whereas the
Hawaiian Islands (<5 Ma) have both Kea and Loa type lavas. We have analyzed 23 samples of shield stage
tholeiitic rocks from 13 NWHR volcanoes for Hf, Nd, Pb, and Sr isotopic compositions to test for the presence
of the Loa composition along the NWHR.

We have also compiled a database of ~700 Hawaiian Island shield basalts Pb-Hf-Nd-Sr isotopic compositions to
construct a logistic regression model of Loa or Kea affinity. Logistic regression creates a unique discriminator
model to sort data into a dichotomous category and reveals the relationship between independent variables. We
use the model to predict whether newly analyzed NWHR samples are Loa or Kea type based on their isotopic
compositions. The logistical regression model is significantly better at prediciting Loa or Kea affinity than the
constant only model (y2=117.3, df=4, p<0.0001), with Pb and Sr isotopes providing the most predicitive power
of whether sample is Loa-type. Daikakuji, West Nihoa, Nihoa, and Mokumanamana erupt Loa-type lavas,
suggesting that the Loa source is sampled ephemerally along the NWHR and increases in presence and volume
towards the younger NWHR (younger than Midway ~20-25 Ma). These results complete the picture of how the
Hawaiian mantle plume has behaved geochemically and geodynamically for ~85 Myr, and show that the Ha-
waiian mantle plume has transitioned from a dominantely Kea source during the Emperor seamounts and older
NWHR to an increasingly enriched Loa source from the mid NWHR to Hawaiian Islands. We propose this is
due to Hawaiian mantle plume drift through different lower mantle geochemical domains.
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Integration of high-resolution datasets for hydrogeologic characterization of contaminated
glacial sediments in south central Wisconsin

Harvey, T.M.!, tharvey@g360group.org, Arnaud, E.2, Parker, B.L.!, Meyer, J.R.!, and Steelman, C.M.!, 'G360
Centre for Applied Groundwater Research, School of Engineering, University of Guelph, 50 Stone Road E,
Guelph, ON NI1G 2W1; *School of Environmental Sciences, University of Guelph, 50 Stone Road E, Guelph,
ON NIG 2W1

Understanding the spatial scale of heterogeneity in unconsolidated sediments is fundamental to appreciating
hydrogeologic variability that influences recharge, discharge, and groundwater flow pathways and rates. At
contaminated sites, characterization of subsurface sediments is also essential to understand influences on non-
aqueous liquid flow, solute transport rates, contaminant attenuation, and feasibility of remediating these sites.
The heterogeneous nature of glacial sediments, especially near ice margins affected by multiple advances and
retreats, makes it difficult to determine the vertical and lateral continuity of sediments from surface physio-
graphic elements and sparse data. Furthermore, geologic information alone does not predict hydrogeologic
character. Hence, this study involved the collection and integration of 1D high-resolution vertical profiles of
multiple data types to create golden-spike holes with well-informed associations of sedimentary characteris-
tics, hydraulic head, contaminant concentrations, and moisture content conditions within each hole. Continu-
ous cores with high-resolution vertical logging and sampling was the foundational dataset, with multiple cores
drilled in 3 distinct surface physiographic elements: glaciofluvial, glaciolacustrine, and drumlinized till plain.
These data were used to design high-resolution depth-discrete multilevel monitoring systems that would al-
low measurement of head profiles. These datasets provide exceptional vertical detail about sediment contacts,
scale of sediment heterogeneity, and location of vertical hydraulic gradients, which can be used to hydrauli-
cally calibrate geologic data. Location of these golden-spike holes along 2D geophysical surveys was essential
for extending 1D vertical profiles laterally across the site. Integration of datasets was used to develop a robust
Site Conceptual Model (SCM) in the highly variable glacial deposits. Eight stratigraphic units were identi-
fied recording multiple ice advances and retreats, with unit boundaries only subtly affecting groundwater flow,
likely due to the large sand fraction within all sediments. Where found, subtle hydraulic contrasts are associated
with top of rock, sand-diamict contact, interbedded diamict, and mud beds. At the site, small scale geologic
heterogeneity, not necessarily predicted by the stratigraphy, impacts contaminant distribution. This explains
why a mixed organic contaminant plume is still present after 50 years despite remediation efforts and some of
the challenges associated with targeted monitoring for in situ remediation and evaluation of natural attenuation.
The new SCM will help inform a 3D surface water recharge and shallow groundwater flow model. Integrated
datasets, such as collected here, can significantly enhance the predictive power of SCMs and numerical models,
which in turn can improve selection and implementation of targeted remediation technology.
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Characterizing gold remobilization

Hastie, E.C.G."?, ehastie@laurentian.ca, Kontak, D.]J.!, and Lafrance, B.!, 'Harquail School of Earth Sciences,
Laurentian University, Sudbury, ON P3E 2C6; *Earth Resources and Geoscience Mapping Section, Ontario
Geological Survey, Sudbury, ON P3E 6B5

Recognizing remobilization of Au is critical to understanding what controls high-grade ore zones in Au depos-
its. Determining if Au has been remobilized is, however, difficult, and most studies fail to produce conclusive
evidence. If evidence for remobilization can be shown, then primary versus secondary processes can be sepa-
rated, which is paramount to understanding the evolution of Au deposits. The Jerome deposit in the Archean
Swayze greenstone belt (SGB) of northern Ontario is hosted by altered and deformed monzonites that intruded
Timiskaming-like conglomerates dated at <2680 £2 Ma. Gold mineralization is present in two generations of
arsenian pyrite (Py1, Py2). Pyl is inclusion-poor and oscillatory-zoned with invisible Au in As-rich zones. Py2
overprints Pyl and contains native Au and sulfide inclusions (e.g., chalcopyrite, gersdorffite, tetrahedrite, mo-
lybdenite, galena); it is also characterized by relict oscillatory zoning, a porous texture, and has irregular grain
boundaries with Pyl. Evidence in support of Au remobilization from Pyl includes: (1) relict zoning in Py2
that extends across grain boundaries from Pyl; (2) the porous texture in Py2, which is commonly associated
with dissolution-reprecipitation processes (DRP); (3) all elements in Py2 and its inclusions being present in Pyl
zones; and (4) inclusions in Py2 are commonly multi-phase. Analysis (SEM-EDS and EMPA) of Pyl shows
that zoning and Au incorporation are predominantly controlled by S availability. That S and As have a near-
perfect, negative correlation across oscillatory zones suggests that, as S became depleted during Pyl growth,
As substituted in S sites. This As substitution created distortions in the cubic structure of pyrite, which allowed
more Au to be incorporated. Py?2 is the result of DRP in Pyl with elements being redistributed and decoupled
from their original associations. Documenting such decoupling is critical because it allows the distinction of
primary versus and secondary geochemical signatures. The DRP textures and evidence of Au remobilization
from sulfides are not exclusive to this deposit. The Kenty and Rundle Au deposits, also in the SGB, both show
evidence for Au remobilization. Future work will focus on the detailed investigation of Au transport mecha-
nisms responsible for the upgrading of ore to form high-grade Au deposits.
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The Neoproterozoic and Triassic convergence records of metasedimentary rocks in the ac-
cretionary Nam Co complex, Song Ma Suture Zone, NW Vietnam

Hau, B.V,, Kim, Y., Chungbuk National University, Cheongju 28644, Republic of Korea, buivinhhau@humg.
edu.vn, Ngo, T.X., Tran, H.T., Department of Geology, Hanoi University of Mining and Geology, Hanoi, Viet-

nam, and Y1, K., Division of Environmental & Material Sciences, Korea Basic Science Institute, Cheongju
28119, Republic of Korea

The P-T conditions, depositional and metamorphic ages, and provenance of metasedimentary rocks from the
Nam Co complex, Song Ma Suture Zone, northwestern Vietnam, were constrained in order to reveal the conver-
gent history between the Indochina and South China cratons. The complex is structurally characterized by an
antiformal metamorphic core complex of two distinct metamorphic zones: the biotite and garnet zones towards
its core. The representative mineral assemblage of metapelites in the former zone consists of biotite + chlorite
+ plagioclase + muscovite + quartz whereas that in the latter zone of garnet + chlorite + plagioclase + muscovite
+ quartz. The peak metamorphic conditions estimated from two garnet-zone schists are in the range of 450—
480°C and 9-14 kbar, and are subject to the epidote amphibolite- to blueschist-facies conditions. The U-Pb iso-
topic compositions of detrital zircon from a semi-pelite and two metasandstone samples were measured, using a
SHRIMP ion microprobe. The U-Pb ages of analyzed zircon crystals from the samples showed major popula-
tions (greater than 50%) around ~850 Ma with minor populations scattered between 1.2 to 3.0 Ga. In particu-
lar, structurally uppermost sample SM09 in the biotite zone had nearly unimodal Neoproterozoic age spectra.
The age patterns of detrital zircon are representative for magmatic activity at the convergent plate margin. The
U-Th-Pb isotopic compositions of monazite from a garnet-zone schist were measured directly in pieces of thin
section, using a SHRIMP ion microprobe, and defined a common Pb mixing line with the lower intercept age of
234 £+ 10 Ma (20) reflecting the Indosinian metamorphism. The age distribution pattern of detrital zircon in the
Nam Co complex is compatible with that of South China craton rather than those of Indochina craton. There-
fore, the sedimentary protoliths of Nam Co complex had been deposited in convergent-related basins along the
southwestern margin of South China craton during the Neoproterozoic, and then was amalgamated to the Indo-
china craton during the Indosinian orogeny.
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Ferromanganese concretions record lake history over the past >7000 years.

Hayles, S.F., Al, T., Cornett, R.J. and Harrison, A., University of Ottawa, Advanced Research Complex, 25
Templeton St., Ottawa, ON KIN 6N5, shayl019@uottawa.ca

Ferromanganese concretions, crusts and nodules, composed primarily of alternating micro-laminae of iron and
manganese oxides, have been recovered from post-glacial shallow seas and temperate lakes as well as from the
deep oceans. Intense scavenging of other metals and trace elements by the concretions over thousands of years
has been shown to enable the determination of their ages and accretion rates as well as providing important in-
formation about their geochemistry and growth histories, patterns and processes. Here we show that freshwater
ferromanganese concretions can be dated at mm resolution using carbon-14 and uranium series isotopes.

Concretion ML2014 was recovered during a scuba dive in Magaguadavic Lake in New Brunswick, Canada.
Samples collected at measured intervals from the outer edge toward the central nucleus of ML2014 were anal-
ysed for “C (T = 5730 yr) and ?**Ra (T'2 = 1600 yr). Measurement of the '*C:"?C ratios were made by accel-
erator mass spectrometer at the University of Ottawa. The maximum age at the nucleus is 7220 + 68 years and
ages systematically decrease toward the rim suggesting an average accretion rate of 0.003 mm per year. These
ages were subsequently confirmed by measurement of 2'°Po activity (assuming secular equilibrium with ??°Ra
and minimal loss of ?>’Rn) using alpha spectrometry. Future work will focus on analysis of the mineralogy and
geochemistry of the ferromanganese concretions in an effort to find correlations with the environmental condi-
tions affecting the lake during the Holocene.
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Challenges in subdividing the Quaternary System: From the Anthropocene to formal sub-
series for the Cenozoic

Head, M.J., Brock University, 1812 Sir Isaac Brock Way, St. Catharines, ON L2S 341

The Quaternary System is presently defined by three global boundary stratotype sections and points (GSSPs):
the base of the Quaternary itself (and that of the Gelasian Stage, lower Lower Pleistocene, Monte San Nicola,
Sicily, estimated at 2.58 Ma), the base of the Calabrian Stage, upper Lower Pleistocene Subseries (Vrica, Cal-
abria, Italy, 1.80 Ma), and the base of the Holocene Series (Greenland NorthGRIP2 ice core, 11,700 years b2k).
The Middle Pleistocene Subseries GSSP has not yet been defined, but proposals representing three candidate
sections, the Valle di Manche and Montalbano Jonico sections, both in Italy, and Chiba section in Japan, are
expected later this year. The Matuyama—Brunhes reversal (770-773 ka) will serve as the primary guide. The
Upper Pleistocene Subseries has yet to be defined but historically is taken to coincide with the onset of the Last
Interglacial (~130 ka). Two potential GSSP locations have recently been suggested: the Fronte Section, Taranto,
southern Italy, and an ice core in Antarctica. Proposals for the Middle Holocene (Greenland NorthGRIP1 ice
core, 8326 years b2k) and Upper Holocene (Mawmluh Cave speleothem, Meghalaya, India, 4200 yr before
1950) subseries GSSPs were recommended by the International Commission on Stratigraphy’s (ICS) Subcom-
mission on Quaternary Stratigraphy in 2016, but have been set aside by the ICS pending resolution of whether
Cenozoic subseries should have formal rank in the International Chronostratigraphic Chart (which provides the
framework for the International Geological Time Scale). In 2016, the SQS voted decisively in favour of formal-
izing subseries (e.g. Middle Pleistocene, Lower Holocene) following long tradition. The Anthropocene Work-
ing Group (under the SQS) is working towards submitting a proposal for the formalization of the Anthropocene,
and is presently focused on finding the best sections to host a GSSP. The current view is that the Anthropocene
should be defined at the rank of series/epoch, with a mid-20th century age (the “great acceleration) best able

to meet the requirements for chronostratigraphic definition. However, the Anthropocene is presently undefined,
and beyond stratigraphic circles this has led to confusion regarding its timing and nature. Defining the Anthro-
pocene as a geological term should resolve this confusion.
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Provenance and sedimentary environments of the Labrador Trough, Canada: Contri-
butions from petrography, geochemistry and Nd systematics of metaconglomerates and
matrix-rich metasediments

Henrique-Pinto, R., Guilmette, C., Université Laval; Faculté des sciences et de génie, Département de géolo-
gie et de génie géologique, 1065 Avenue de la Médecine, Québec, QC G1V 046, Bilodeau, C., Ministere de

/ ’Energie et Ressources Naturelles du Québec; 5700, 4e Avenue Ouest, Québec, A301, and Stevenson, R.,
UQAM

The New Quebec Orogen (NQO) consists of a supracrustal belt that underwent reworking when the Superior
craton collided with the Core Zone terrane during the Paleoproterozoic Trans-Hudson Orogeny. Within the
NQO, the Labrador Trough regroups the Kaniapiskau Supergroup (KS) with greenschist-facies sedimentary and
volcanic sequences, and the Laporte Group (LG) composed of similar successions but metamorphosed to higher
grades. Competing models support that the LG is either a deeper higher-grade exposure of the KS, or an exotic
terrane.

Studies of matrix-rich sediments benefit from the use of a combination of provenance tools because high-tex-
tural maturity sediments do not reveal the presence of sources with low zircon contents, which are usually easily
weathered at the source, and deposited as fine-grained sediments.

A petrographic classification divides the KS in to four terrigenous lithotypes; One group with greater compo-
sitional and textural sedimentary maturity classified as meta-quartzarenites and meta-subarkoses, and another
group with low textural maturity classified as meta-feldspathic wackes and meta-mudstones. These associations
are typical of craton interior and transitional continental paleo-environments.

The LG include more homogeneous lithotypes represented by meta-feldspathic and meta-lithic wackes with
varied matrix contents. The presence of plagioclase and alkali-feldspar in similar proportions indicates that
the main sources are granitic, in accordance with the dominant clast population in metaconglomerates (varying
from leuco-granodiorites to leuco alkali-feldspar granites). Additional sources are indicated by the presence of
clasts of hematite-bearing iron formation.

Rocks from the KS have a large variation of SiO, and AL O, contents (Si0_/Al O, =3.7-51) relative to rocks
from the LG that have a restrict range (Si0,/Al,O, =4.4-6.8). Within LG two main formations are recognized,
Grand Rosoy (basal), which includes polymictic metaconglomerates, and Deborah an upward unit. In general,
the geochemical variations of both formations can be explained by the main varieties of clasts, however, the
increase of TiO,, P,O,, MgO, Co, Ni and Cr contents, including high Th/U and Rb/Sr ratios in the Deborah For-
mation, requires the presence of additional sources.

Our results combined with U-Pb detrital zircon provenance provide strong evidence that the KS was deposited
in an extensional environment as a passive margin with exclusive recycled (eNd(1.87Ga) -12) Paleoarchean
sources (TDM 3.2 Ga). In contrast, the LG marks a transition between a continental forearc (Grand Rosoy Fm.)
with typical juvenile source, including highly evolved granitic clasts (eNd(1.83Ga) -0.1 to +3.1) to a collisional
pro-foreland basin (Deborah Fm.) with mixing of old crustal components (eNd(1.83Ga) -4.4 to -9.1).
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Evidence for ~ 40 Ma transition from a continental forearc to a wedge-top basin in eastern
part of Labrador Trough

Henrique-Pinto, R., Universitée Laval, Faculté des sciences et de génie, Département de géologie et de génie
géologique, 1065 Avenue de la Médecine, Québec, QC G1V 046, natohp@yahoo.com.br (+3 others)

The New Quebec Orogen (NQO) is the best preserved supracrustal belt of the deeply eroded Paleoprotero-
zoic Trans-Hudson Orogen, and thus constitutes an exceptional window to investigate one of the most ancient
Wilson cycle sedimentary records within the Manikewan paleo-ocean. It consists in a Paleoproterozoic supra-
crustal belt that underwent reworking when the Superior craton collided with the Core Zone terrane, during the
Trans-Hudson Orogeny. Within the NQO, the Labrador Trough comprises greenschist-facies sedimentary and
volcanic sequences (Kaniapiskau Supergroup) inferred to represent the rifted margin of the Superior craton,
whereas the Laporte Group composed of similar successions but metamorphosed to higher grades, remains of
unclear origin. Competing models purport that the Laporte Group is either a deeper, higher-grade exposure of
the Kaniapiskau Supergroup, or an exotic terrane.

Large-scale sampling, petrography and SHRIMP U-Pb detrital zircon geochronology combined with geochem-
istry and Nd systematics of metaconglomerates and matrix-rich metasediments, provide insights to elucidate the
sedimentary provenance and depositional environments for both zones.

The Kaniapiskau Supergroup detrital zircons yield ages older than 2.5 Ga (2570.3 £3.7 Ma, maximum deposi-
tional age), showing a signature typical of the Archean Superior craton with a main peak at ~2.72 Ga. There is
more than a 150 Ma gap between detrital zircon ages and the interpreted depositional age, suggesting a diver-
gent environment like a rifted and passive margin.

In contrast, detrital zircons from the Laporte Group yield ages as young as 1834 + 2.4 Ma and a dominant age
peak at 1.84 Ma. The presence of age peaks at 2.2- 2.4 Ga suggests that the Core Zone exotic terrain is the
main source area and the metamorphic monazite ages previously dated at 1793 + 2 Ma, points to a relative short
depositional time.

The presence of the De Pas Batholith Andean-type magmatic arc supports the interpretation of an eastward
subduction at 1860-1830 Ma. Furthermore, a lag time between crystallization and deposition ages within the
Laporte Group points to convergent and collisional settings with transition between continental forearc (cycle
I) to collisional pro-foreland basin (cycle II), around 40 Ma, which marks the consolidation of the Columbia
Supercontinent in the northeastern of Laurentia.
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The 175 Objects Project: Canada@150, GSC@175: 1842-2017

Herd, R.K., GSC (Retired), 601 Booth Street, Ottawa, ON KIA OES, herdrk@gmail.com

As Canada celebrates its 150™ anniversary, the Geological Survey of Canada (GSC) achieves its 175" year of
service to the country and to science. Ambitious projects to suitably mark this special time were proposed over
3 years ago by GSC retirees and members of their History Committee, with minimal response. This Committee
has been preserving GSC’s development since 1970, the end-date of the comprehensive history of GSC, Read-
ing the Rocks by Morris Zaslow.

A proposal was then made, in 2015, by A. G. Plant of the History Committee, to present the History of the
Geological Survey of Canada through 175 Objects. The object descriptions and their images were intended to
illustrate the contribution of the GSC to the exploration and development of Canada. The GSC@175 Steering
Committee endorsed the proposal and the Chair, Andrée Bolduc, sent an email to all GSC staff on November
18, 2015, summarizing the project and inviting staff to submit object descriptions. The first of these were re-
ceived in a matter of hours.

The project has had the enthusiastic participation and collaboration of over 100 contributors, both past and pres-
ent employees, and with objects proposed from across Canada. For each “object” (letters, publications, sam-
ples, maps, technologies, datasets, compilations, events, advances, milestones, discoveries etc.) there is a short
expert description, relevant illustrations, geographic location, and references. An example is the role GSC
played in the development of the National Museums.

The project is intended for the interested general public. A website presentation at Science.gc.ca has been de-

veloped, using the objects and their descriptions to inform and educate Canadians about the GSC and its contri-
bution to the “Story of Canada” in this the 150" year since Confederation.
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Iodine-129 age and porewater residence time constraints within Upper Ordovician clastic
and carbonate sediments of the Michigan Basin

Herod, M.N.\, mattherod@gmail.com, Seguin, J.!, Cornett, R.J.!, Kieser, L.E.!, Jensen, M.2, and Clark,
I.D.!, '"University of Ottawa, Advanced Research Complex, Department of Earth Sciences, Ottawa, ON KIN
6N5; 2Nuclear Waste Management Organization, Toronto, ON

Preserved rock core samples were obtained for an 840 m thick Paleozoic sedimentary sequence on the eastern
flank of the Michigan Basin beneath the Bruce nuclear site, near Kincardine, Ontario. Previous studies have
indicated that the porewaters contained within the Upper Ordovician low permeability sediments that comprise
the lowermost 400 m of the sedimentary sequence were ancient, hypersaline with evidence pointing to resi-
dence times of up to 300 My [Clark et al., 2013]. To provide additional age constraints, iodine-129 (half-life:
15.7 million years) produced in-situ by the spontaneous fission of uranium is used to further examine porewater
residence times. The concentration of '*I at secular equilibrium was calculated using uranium concentrations
in crushed core samples and compared to the porewater '*I concentration measured in water leachates by AMS.
The upper section of the Ordovician sequence comprised of the 70-m thick Queenston shale formation has '*1
concentrations at secular equilibrium, suggesting porewater residence times of equal to or greater than 5 half-
lives or 80 million years. Thus, porewater and '*I have remained in situ within this shale aquiclude (K~10-14
m/sec). However, in the Ordovician limestone of the Black River Group, there is a '*I enrichment over secular
equilibrium, suggesting an additional source of radiogenic '*°I, such as fluids migrating up in to the Black River
limestones from the underlying Precambrian gneisses or mineralogical controls. Most I was produced in the
clay mineral phase of the limestones and shales due to their higher uranium concentration. This presentation
describes the methodology used in determining '*I age constraints for the porewater of these Ordovician sedi-
ments with low porosities and water contents (<7%).
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Soft-sediment deformation structures and associated microbial mat structures in the Pa-
leoproterozoic Gordon Lake Formation, Huronian Supergroup

Hill, C.M., and Corcoran, P.L., University of Western Ontario, 1151 Richmond St. N., London, ON N6A4
3L6, chill59@uwo.ca

Large, well preserved soft-sediment deformation structures (SSDS) were recognized in the 2.45-2.2 Ga Pa-
leoproterozoic Gordon Lake Formation, Huronian Supergroup in the Bruce Mines area, Ontario. One outcrop
exposure, 235 m long and 37 m thick, is composed of mudstone to medium-grained sandstone that contains 3 to
106 cm size load casts, 1 to 51 cm high flame structures, convolute bedding, and 2 to 120 cm size ball and pil-
low structures. One 6 m thick section of the outcrop contains in situ microbial mat structures and mat chips up
to 100 cm long. The association of microbial structures with a number of SSDS suggests that ancient biofilms
formed impenetrable barriers that caused heterogeneous fluid escape through the sediment, which led to over-
pressuring and subsequent soft-sediment deformation. A combination of driving forces and trigger mechanisms,
including inverse density gradients, overpressuring, loading by storm waves and tidal shear, are interpreted to
have led to the formation of the SSDS. Preservation of microbial mats and SSDS, the presence of desiccation
cracks and lenticular bedding, and the gradational contact with the overlying tidal inlet-sand shoal deposits of
the Bar River Formation, support deposition of the Gordon Lake Formation sediments in shallow water and on a
tidal flat. Outcrops of the Gordon Lake Formation in the Baie Fine, Flack Lake, and Cobalt plains areas contain
neither the same quantity, nor size of SSDS as seen in the Bruce Mines area. This is significant because it sug-
gests that the western portion of the basin may have been affected by different sedimentary processes or local
tectonic events.
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Structural analysis and paragenesis of the Arrow uranium deposit, Athabasca Basin, Sas-
katchewan

Hillacre, S., seh516@mail.usask.ca, Ansdell, K., University of Saskatchewan, 114 Science Place, Saskatoon, SK
S7N 5E2, McEwan, B., NexGen Energy Limited, Bay C-3335 Wells Avenue, Saskatoon, SK S7K 5W6, and Mc-
Namara, G., NexGen Energy Limited, 3150-1021 West Hastings Street, Vancouver, BC V6E 0C3

The Athabasca Basin in northern Saskatchewan hosts the world’s highest-grade uranium deposits, which are
commonly spatially associated with structural zones that have undergone multiple episodes of brittle reactiva-
tion. Although the evolution of these zones is complex, unraveling the relationship between structure, altera-
tion, and mineralization is vital in understanding the controls on uranium mineralization. This study examines
the relationships between the ductile framework and brittle reactivation of structures, mineral paragenesis, and
uranium mineralization at the Arrow deposit, the largest undeveloped uranium resource in the Athabasca Basin.
Approximately 400 samples from 18 representative drillholes that intersect the deposit have been collected.
These include unaltered, altered, and mineralized rocks, and a combination of hand sample examination, thin
section microscopy, and electron microprobe analyses has been used to generate a detailed paragenesis. The
rocks hosting the deposit are variably silicified and overprinted by early ubiquitous fine-grained white mica
alteration and multiple generations of chlorite alteration. Overprinting earlier alteration, is relatively late argil-
lic (kaolinite-illite) and hematite-limonite alteration, multi-generational sulphides, and hydrothermal graphite,
as well as quartz-, carbonate-, and dravite-lined brittle structures and veins. At least four phases of uranium
mineralization have been identified, including early euhedral and brecciated uraninite, remobilized uraninite,
and late uranophane and coffinite. Semi-massive to massive, fracture- and foliation-controlled uraninite is
spatially associated with hematite-limonite alteration, chlorite alteration and late carbonate veins, whereas dis-
seminated uraninite is present in clay/chlorite/muscovite-rich zones. Sulphides and graphite are pre-, syn-, and
post-mineralization, whereas dravitic structures are dominantly syn- or post-mineralization. Paragenesis has
been integrated with detailed structural analysis and will be used as the framework for the ongoing determina-
tions of the ages of mineralizing events. The Arrow system developed along sub-vertical, northeast-trending
chloritic-graphitic shear zones (A1, A2, A3, A4 and A5 Shears). These shear zones appear to have developed
along the limb of a regional-scale fold and have subsequently reactivated, creating various small-scale brittle
fault linkages oblique to, and connecting the main fault zone. Detailed analysis suggests a predominantly sinis-
tral Riedel-type system, where multiple brittle reactivations of primary shear fractures have occurred, allowing
for migration of hydrothermal fluids, alteration of host rocks, and precipitation of uranium. The Arrow deposit
is interpreted as a structurally-controlled uranium deposit hosted within competent basement rocks below a thin
veneer of Athabasca Group sandstone. Continued studies surrounding these controls will aid in developing a
structural template for exploration of new target areas within the recently established southwestern Athabasca
Basin uranium camp.
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Modelling infrastructure for national scale 3D geological models

Hillier, M.J., Michael.Hillier@canada.ca, and Brodaric, B., Geological Survey of Canada, 601 Booth Street,
Ottawa, ON K14 OES

National geological models are increasingly being developed to help address a variety of continental and global
issues such as those related to climate, water, or hazards. However, their nascent development is highlighting
many scientific and technological challenges, primarily related to the construction and maintenance of very
large 3D models. These are manifest technologically as gaps in modeling methods, related to sparse data and
regional interpretation, as well as infrastructure gaps related to the handling of massive data volumes that over-
whelm present commercial modeling systems. To overcome this infrastructure gap, new approaches are taken
here for the storage, management, viewing and dissemination of a national geological 3D model for Canada,
ranging from the surface to the deep subsurface (~46km). The infrastructure is comprised of several compo-
nents: geometry data model, hierarchical data structure, geospatial database, visualization software, and an
upcoming web portal. To represent the wide variety of possible geometries for 3D geological models (points,
curves, surface meshes, structured and unstructured 3D grids) the open source VTK (Visualization Tool Kit)
data model is adopted. Interactive visualization of a massive 3D model is accomplished by 3D tiling, in which
3D model components are inserted into an octree-based hierarchical data structure that partitions the data into
blocks with different resolutions and sizes, limiting viewing to relevant data. The evolving national 3D geology
model is stored in an open source database, PostgreSQL, which contrasts with prevalent file-based modeling
systems. It is visualized directly from this database using customizations of the Paraview and ParaviewWeb
software, for both desktop and forthcoming web-based environments. Ongoing tests on desktop system have
shown this environment to scale effectively for the expected data volumes, indicating this approach is promising
as a national 3D geological modeling infrastructure.
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Timing and influence of major faults in the evolution of the Devonian-Permian Maritimes
Basin complex, New Brunswick and adjacent offshore, eastern Canada

Hinds, S.J. and Park, A.F., Department of Energy and Resource Development, Geological Surveys Branch, PO
Box 6000, Fredericton, NB E3B 5H1, adrian.park(@gnb.ca

Carboniferous rocks in New Brunswick and the adjacent offshore area are part of the Devonian-Permian Mari-
times Basin complex centred under the Gulf of St. Lawrence: a successor basin to the Silurian-early Devonian
Appalachian orogenic collage. The evolution of this basin has been controlled by major orogen-parallel strike-
slip faults. The current model for the evolution of this basin consists of fault-controlled subbasins formed
through the Tournaisian and Viséan, followed by a more general subsidence during the Pennsylvanian. This
model is critically assessed using recently acquired and reprocessed industry seismic reflection profiles. These
profiles permit an improved three-dimensional resolution of basin architecture and Carboniferous stratigraphy,
and especially timing of individual fault movements.

This study concentrates on two large strike-slip faults: the Belleisle and Kennebecasis faults and the related
North River and Clover Hill faults. The Belleisle Fault has the longest history of movement, originating in the
Devonian, and exerts influence on Tournaisian deposition into New Brunswick, but late Viséan units (Windsor
Group) overlie the fault. The estimated 120 km of right-lateral displacement on this fault are pre-Viséan. A
similar pre-Viséan history, involving around 60 km of right-lateral strike-slip displacement can be inferred for
the North River Fault. Major movement shifts SE-ward to the Kennebecasis Fault during the late Tournaisian,
and major movements along this fault continue into Serpukhovian time, with some 30 km right-lateral displace-
ment occurring. A similar history can be inferred for the Clover Hill Fault with 7 km right-lateral displacement.
Some fault reactivation during the Pennsylvanian is evident on the Kennebecasis Fault, some of which is asso-
ciated with salt movement, but the major Pennsylvanian displacements occur to the SE along the Wood Creek-
Shepody Fault between the Sackville and Cumberland basins.

Using timing relationships and estimated displacements from this and earlier studies, a palinspastic reconstruc-
tion is attempted for the hydrocarbon-bearing early Tournaisian Horton Group subbasins, successively restoring
faults from the southeast to the northwest ending with the Belleisle Fault movement. This reconstruction shows
the onshore Moncton and Cocagne and offshore Cascumpec subbasins to have originated from a single basin.
Strike-slip faults exercised an influence on basin development into the Pennsylvanian, but from late Tournaisian
to late Pennsylvanian this influence progressively shifted to the southeast.
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The Kaskattama highland: Till composition and indications of a new Precambrian inlier
in the Hudson Bay Lowland?

Hodder, T.J.}, tyler-hodder@gov.mb.ca, Kelley, S.E.2, Trommelen, M.S.!, Ross, M.%, and Rinne, M.L.!, 'Mani-
toba Geological Survey, 360-1395 Ellice Ave., Winnipeg, MB R3G 3P2; *University of Waterloo, 200 Univer-
sity Ave. W., Waterloo, ON N2L 3GI

The Kaskattama highland in northeast Manitoba is a prominent topographic high that rises 130 m above the
flat-lying Hudson Bay Lowland. The region is thought to consist of thick (an inferred 223 m) Quaternary sedi-
ment cover, as observed in a single drillhole on the northwest side of the highland. This region was targeted
during the 2016 field season as part of an ongoing study of the Hudson Bay Lowland Quaternary stratigraphy
in northeast Manitoba. Natural exposures of Quaternary sediments were logged and till samples were col-
lected at a reconnaissance-scale over the region. A suite of till samples collected contain a high proportion of
dark grey metasedimentary and metavolcanic rocks (interpreted greenstone), relative to the regional calcareous
surface till. Greenstone concentrations within till from the highland region are as high as 55 ct. %, whereas the
calcareous surface till west of the highland contains 10-12 ct. % greenstone clasts. Till-matrix geochemistry is
consistent with the clast lithology counts. In particular, four samples have elevated concentrations of Fe and
Ni. We use K-means cluster analysis and principal component analysis to aid in till-composition analysis and
provenance interpretations. The closest known outcrops of greenstone bedrock occur 60 km southwest of the
highland, and form part of the Paleoproterozoic Fox River Belt; however, using geophysics, the Fox River Belt
has been delineated under the highlands, albeit under presumed Paleozoic cover. The Kaskattama highland
region is streamlined by two different flowsets: a southwest-trending flowset west of the highland and a north-
west-southeast oriented flowset of unknown ice flow direction on top of the highland. Northeastward transport
of detritus from known outcrops is unlikely based on realistic glacial reconstructions. Elevated surficial green-
stone-enriched till samples are located in the vicinity of the extension of the Fox River belt and with no known
sources to explain the observed till composition, these initial results suggest a local bedrock source. In northern
Ontario, the Sutton ridge and associated outcropping Paleoproterozoic Sutton inlier is a possible analog, as it

is a similarly enigmatic positive relief feature in the typically flat Hudson Bay Lowland. These results present
a potential new source of Precambrian detritus which significantly alters glacial dispersal reconstructions in
the Hudson Bay Lowland. Additionally, exposed basement would present a favourable exploration target for
Ni-Cu-PGE associated with the ultramafic units of the Fox River belt, along with broad potential for gold and
diamond deposits.
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Revisiting the Belcher Group: High-resolution carbon isotope chemostratigraphy reveals
carbon cycle fluctuations at ~2.0 Ga

Hodgskiss, M.S.W.!, mswh@stanford.edu, Frost, J.L.2, Halverson, G.P.2, and Sperling, E.A.!, 'Stanford Univer-
sity, Stanford, CA 94305, USA,; *McGill University, Montreal, OC H3A OES8

The Belcher Group is an ~10 km thick succession deposited 2.0-1.8 Ga along the margin of the Superior Craton.
Despite containing a rich sedimentary record of this time interval, the Belcher Group has been hardly studied
since the 1980s, and its geochemistry remains unconstrained. Here, we present stratigraphic sections measured
through the entirety of the Belcher Group, along with a high-resolution carbon isotope curve. The Belcher
Group comprised six depositional stages; the lowermost stage, the Kasegalik Formation, is a shallow subtidal-
intertidal transgressive carbonate platform. This is followed by the flood basalt phase of the overlying the Es-
kimo Formation. A second transgressive carbonate platform buildup is composed of the Fairweather, McLeary,
Tukarak, Costello, and Laddie formations. The McLeary Formation is notable for its wide variety of extremely
well-preserved stromatolite morphologies and microfossils. The next depositional stage records further pro-
gradation in the intertidal, mixed carbonate-clastic Rowatt Formation and mature sandstones of the Mukpollo
Formation. This regressive stage ultimately resulted in the development of a restricted basin, as suggested by
deposition of the Kipalu granular iron formation. This phase is punctuated by the Flaherty Formation, a thick,
submarine basalt unit that covers much of the Belcher Islands. The final stage in the Belcher Group records

a turbidite flysch and overlying distal molasse, the Omarullok and Loaf formations, respectively. The carbon
isotope record from Belcher Group carbonates spans a range from -2 to +3%o and exhibits multiple systematic
shifts of up to 4%o that are correlatable across tens of kilometers (without palinspastic restoration). The absence
of extremely positive 6'°C values suggests that the Belcher Group post-dates the Lomagundi-Jatuli excursion,
and hence is younger than ca. 2.06 Ga. The magnitude and style of the carbon isotope oscillations recorded dur-
ing Belcher Group deposition seem to record a transition between the highly enriched values of the preceding
Lomagundi-Jatuli Excursion and the extreme &'°C stasis near 0%o characteristic of the middle Proterozoic.
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A long-lived Neoproterozoic carbonate platform and its Cryogenian glacial record: Strati-
graphic development of the Otavi Group in the easily accessible southern Kunene Region,
Namibia

Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Halverson, G.P., La-
mothe, K.G., Earth & Planetary Sciences, McGill University, Montreal, QC H3A OES, Pruss, S.B., Geosci-
ences, Smith College, Northampton, MA 01063, USA, and Schrag, D.P., Earth & Planetary Sciences, Harvard
University, Cambridge, MA 02138, USA

The carbonate-dominated Otavi Group covers the southwestern promontory of the Congo craton and is exposed
in 400-km-long fold belts bordering orthogonal branches of the geon-5 (500-599 Ma) Pan-African orogenic
system. The present southern margin of the carbonate platform and its distally-tapered foreslope lay in the trop-
ics of the southern hemisphere and faced the late Tonian paleoequator. Subsidence resulted from N-S crustal
stretching (770-650 Ma), followed by thermal contraction (650-590 Ma), and abortive subduction (590-540 Ma)
beneath the Swakop and Dom Feliciano magmatic arcs. During crustal stretching, normal faults on the future
platform were antithetic to a N-dipping crustal-scale detachment. Erosional denudation of uplifted footwalls
shed cannibalized clastics into a peritidal carbonate depositional regime. Carbonate production was inter-
rupted by the Sturtian (717-659 Ma) and Marinoan (ca 645-635 Ma) panglacial epochs, which struck during the
stretching and thermal subsidence stages respectively. Polymictic Sturtian glacial deposits form moraines and
fill bedrock troughs and half grabens. Its cap-carbonate sequence is dominated by unusual sublittoral microbial-
ites hosting diverse assemblages of eukaryotic microfossils. Platform-foreslope zonation was first established
at the end of the stretching stage, after which the platform aggraded differentially by 1.5 km. Marinoan glacial
deposits include lodgment tillite on the inner platform and a grounding-zone wedge on the mid-foreslope, ac-
companied by giant moraines. A falling-stand wedge preceded glaciation on the foreslope, and an Fe-rich drape
rife with ice-rafted debris records the glacial termination in submerged areas off the platform. Marinoan glacial
debris is derived from directly underlying carbonate strata, eroded preferentially from the inner platform and the
upper foreslope. The syndeglacial cap dolostone is thickest on the raised outer platform, where glacial deposits
are absent. Up to 200 m of tubestone stromatolite and overlying former-aragonite sea-floor cement formed a
rim, from which the cap-carbonate sequence prograded landward. After 45 Myr of post-Marinoan carbonate
accumulation, the platform was destroyed by abortive subduction, accompanied by coherent, map-scale, subma-
rine landslides on trench outer slopes, karst-landscape development over the forebulge, and terrigenous, orogen-
derived, marine and terrestrial sedimentation. The carbonate C-isotope record includes two positive anomalies,
bounded by negative excursions, in each of the late Tonian, Cryogenian and early Ediacaran intervals. Our
reconstruction of platform development relies on over 8000 C- and O-isotope pairs, and around 580 closely-
spaced measured sections concentrated in ten, well-exposed, structurally-coherent transects. Opportunities
abound for additional research in this easily-accessible field area of friendly inhabitants and relatively unaltered
natural beauty.
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Depocenters on Snowball Earth: A tunnel valley, subglacial rift-valley lake, giant moraine
and erratic blocks in the Sturtian Chuos Formation of NW Namibia

Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Hodgskiss, M.S.W.,
Geological Sciences, Stanford University, Stanford, CA 94305, USA, Lamothe, K.S., Earth & Planetary Sci-
ences, McGill University, Montreal, QC H3A OES8, and LoBianco, S.J.C., Earth & Planetary Sciences, Harvard
University, Cambridge, MA 02138, USA

The median thickness and accumulation rate of Sturtian glacial deposits at 88 sites in NW Namibia are 48.2

m and under 10°° m/yr, respectively, an order of magnitude less than for Phanerozoic (polar) glaciations of
comparable (58 Myr) duration. These data are consistent with the weak hydrologic cycle of a Snowball Earth.
Locally, however, the Sturtian deposits thicken up to 1.7 km, 35% their median value. What accounts for local
thickening of glacial deposits on a putative Snowball Earth? We investigated three local depocenters by mea-
suring closely-spaced columnar sections. We measured the nonglacial bounding strata in order to distinguish
paleovalleys and morainal buildups. At Omutirapo springs (19.122°S, 13.936°E), a round-shouldered U-shaped
paleovalley, 0.45 km deep by 3.0 km wide, is incised into Tonian carbonate strata. The bedrock trough is 10%
overfilled by massive polymictic diamictite. Discontinuous bodies of sorted siltstone and sandstone are local-
ized within the trough, which we tentatively infer to have been a tunnel valley. On Toekoms farm (20.370°S,
14.430°E), a distally-tapered wedge of conglomerate, glacial diamictite and ferruginous subglacial lake(?)
deposits abut against granitoid basement rock uplifted along a border fault. Fault movement ceased before the
Sturtian cap-carbonate was deposited. The locus of maximum deposition shifted over time, from proximal to
distal wrt the border fault, similar to Mesozoic half grabens developed above listric detachments imaged seismi-
cally on North Atlantic margins. At Vrede domes (20.407°S, 14.148°E), a wedge of glacial diamictite, 220 m
thick by 2.0 km wide, overlies a disconformity that is demonstrably not incised into underlying preglacial strata.
The wedge is draped by a postglacial cap-carbonate and argillaceous strata, and was erosionally truncated at

its apex by thin Marinoan glacial deposits and their basal Ediacaran cap dolostone. On Fransfontein Ridge
(20.2056°S, 15.1463°E), a 40x140 m granitoid erratic, resting upon Sturtian glacial diamictite, was proges-
sively onlapped and buried by marine postglacial strata. Other erratics of similar dimensions occur elsewhere
in the Chuos Formation. Our investigation confirms what others have found, that Cryogenian glacial deposits
are lithologically unremarkable. While their average accumulation rate and paleolatitudinal range are distinct,
lithofacies analysis is ineffective in discriminating between regional and global-scale glaciation, however vital it
may be for reconstructing local paleogeography.
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Expanded freshwater oligotrophy on Snowball Earth and the origin of modern marine
planktonic cyanobacteria

Hoffman, P.F., 1216 Montrose Ave., Victoria, BC V8T 2K4, paulfhoffman@gmail.com, Sanchez-Baracaldo, P.,
School of Geographical Sciences, University of Bristol, Bristol, BS8 1SS, UK, and Vincent, W.F., Departement
de biologie & Centre d’etudes nordiques, Universite Laval, Sainte-Foy, QC GIK 7P4

Molecular clock data suggest that the last common ancestors of major clades of modern marine planktonic
cyanobacteria were Cryogenian (roughly-speaking) and some of these diverged from freshwater forms. These
clades include unicellular nitrogen fixers and super-abundant picocyanobacteria. They apparently evolved from
benthic filamentous forms through adaptations that favoured unicellularity and small cell size. These same
clades are predominant also in modern polar freshwater ecosystems, including supraglacial cryoconite holes and
ponds, glacial meltwater streams, and meromictic ice-capped lakes. The highest-known concentrations of the
picocyanobacterium Synechococcus, up to 8 billion cells/L, are found in the summer mixolimnion of some Ant-
arctic saline lakes, and they are the dominant photosynthetic cell type in High Arctic coastal lakes. In contrast,
these clades are notably rare or absent in the polar oceans. This suggests that their success in polar freshwater
habitats is not due to cold-tolerance but to tolerance of oligotrophy (nutrient starvation). During the Cryoge-
nian Snowball Earth episodes, the total area of oligotrophic freshwater habitats expanded. Cryoconite holes
and ponds dotted the trans-equatorial sublimation zone of the global sea glacier, encompassing 12% of global
surface area. Climate modeling suggests that bare land covered roughly 6-24% of global surface area, where
dry valleys were occupied by salinity-stratified (meromictic) ice-capped lakes. The first Cryogenian (Sturtian)
Snowball Earth gave cyanobacteria 58 million years to press their advantage. When it ended, the former sea-
glacier dwellers along with coastal lacustrine populations, dispersed by the postglacial marine inundation, found
themselves in the meltwater lid of the global ocean. Surface waters warmed rapidly, to their benefit, and sa-
linification (to which they were not intrinsically sensitive) was gradual over tens of kyrs, because whole-ocean
mixing was retarded by the stable density stratification. The evolving planktonic cyanobacterial clades were
soon pushed away from nutrient-rich coastal waters, but found permanent homes for which they were preadapt-
ed in the oligotrophic ocean gyres.
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Call for further research on the architecture and evolution of the crust during continental
arc magmatism: Coast Mountains batholith, British Columbia

Hollister, L.S., Princeton University, Princeton, NJ 08544, USA, Woodsworth, G.J., Geological Survey of Can-
ada, Vancouver, BC V6B 5J3, Rusmore, M.E., Occidental College, Los Angeles, CA 90041, USA, and Stowell,
H.H., University of Alabama, Tuscaloosa, AL 35487-0338, USA

This presentation is a call to widen the scope of research on the outstanding unresolved problem in the Coast
Mountains of British Columbia, which is the origin of the batholith - the largest calcalkaline plutonic complex
on earth. We propose a Geological Society of America Thompson Field Forum across the Coast Mountains at
the latitude of Prince Rupert, to be held summer of 2018. This transect provides a window into the architecture
of the batholith and its country rock, which preserves a record of batholith formation and emplacement during
terrane accretion, crustal contraction and thickening, and extensional collapse.

Extant geologic maps, and petrological, structural, geochronological, and geophysical data provide a framework
on which to base new research. The knowledge base includes results from very high quality seismic profiling,
with precise location of the present Moho and lithologies through the crust based on Vp/Vs data, and a wealth
of metamorphic P-T-time data.

The proposed Forum hopes to inspire research that would lead to development of a geodynamic model for the
evolution of the batholith. Particularly relevant would be studies that (1) utilize new dating techniques to refine
timing of stages of development of the batholith; (2) integrate new structural data with the metamorphic results
to track orogenic development through the wide range of crustal conditions recorded in the batholith; and 3)
investigate the kinematic and dynamic evolution of crustal scale shear zones through the batholith. Specific
questions include: How did crustal thickness change during formation of the batholith? What were the roles of
crustal thickening and crustal thinning processes in the evolution of the complex? What were the relative con-
tributions of mantle versus crust derived melts? What was the role of sedimentary basins/accretionary wedges
to the generation of melts, either as source or from devolatilization of sediments? What was the crustal defor-
mational response to the formation and intrusion of melts? What is the role of faults and translation to batholith
construction? What were the roles of assimilation and contamination in forming the melt compositions? Did
lithosphere delamination occur? Was there ridge subduction? Existing age data for the plutons require high
magma flux events; what triggered these? What caused segmentation and along strike variation in the batho-
lith? The Forum will illuminate the research path forward for the innovations and insights of present and future
generations of earth scientists.
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Mg isotope tracing of fluid migration during dolomitization

Holmden C., chris.holmden@usask.ca, and Kimmig S.R., Saskatchewan Isotope Laboratory, Department of
Geological Sciences, University of Saskatchewan, Saskatoon, SK S7N 5E2

Dolomite is abundant below the Devonian Prairie Evaporite Formation in the Williston Basin (Canada-USA),
but relatively uncommon above this formation. For this and other reasons, brine-reflux factors prominently in
models of dolomitization in the Williston Basin. However, radiogenic signatures of Sr-isotopes in dolomite,
first reported in the partially dolomitized Ordovician carbonates of the Red River Formation (which is interlay-
ered with bedded anhydrite), and later in the Winnipegosis Formation directly underlying the Prairie Evaporite,
are incompatible with dolomite formed from evaporatively concentrated seawater sinking into underlying car-
bonate units from above. Here we explore the possibility that Mg isotopes may also trace the direction of fluid-
flow during dolomitization. Dolomite takes up light Mg-isotopes, thus enriching dolomitizing fluids in heavy
isotopes. Dolomite Mg values should therefore increase in the direction of paleo-fluid flow. We tested this
hypothesis on dolomitized (Thalassinoides) burrows in the lower ‘C member’ carbonate of the Red River using
core samples collected from wells spatially distributed across the Williston Basin. In all the cores examined,
the burrows are pervasively dolomitized and the matrix is limestone. If evaporatively concentrated seawater
descended through burrows and dolomitized them, then burrow-dolomite 8**Mg values should increase toward
the center of the basin in the direction of the paleo-dip of the ‘C-member’ carbonate beds. What we find instead
is burrow-dolomite 3**Mg values increasing away from the center of the basin in all directions (—1.9%0:DSM3
to —1.3%0DSM3), indicating that the dolomitizing fluids ascended rather than descended through the burrows.
This is evidence that the dolomitizing fluids were connate waters that originated in the deepest part of the Wil-
liston basin. Burrow-dolomite ¥’Sr/%6Sr ratios decrease away from the basin-center supporting this interpreta-
tion. Acquired through water-rock interaction with Precambrian basement rocks, the radiogenic signature of
the dolomitizing fluid will become progressively less radiogenic due to mixing with Sr released from carbonate
rocks along the flow path during the process of dolomitization. We conclude that dolomitization of the Red
River burrows is unrelated to downward migrating brines associated with evaporite deposition in the Williston
Basin, but possibly linked to the thermal history of the basin. We speculate that a late Paleozoic heating event
triggered Mg-bearing connate waters to ascend through burrows of the ‘C member’ carbonate, and possibly
other permeable units in the Williston Basin as well, dolomitizing them at higher than burial temperatures.
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Mineralogical and chemical complexity in alteration in the Nechalacho rare-earth element
deposit, NWT

Hoyle, J.W.B, hoylej@uwindsor.ca, and Samson, .M., University of Windsor, Windsor, ON N9B 3P4

The Nechalacho rare-metal (REE, Y, Nb, Ta, Zr) deposit, is hosted by a sequence of altered, layered nepheline
syenites. Three distinct whole-rock geochemical signatures are evident. Two of these signatures have high P, of
which, one has high heavy REE (HREE) (type 1) and one has low HREE, but high light REE (LREE) (type 2).
The third signature has low P and high HREE, LREE and Zr (type 3). Type 1 and 2 signatures represent abun-
dant xenotime ((Y, HREE)PO,) and monazite (LREEPO,), respectively. Type 3 represents zircon and a variety
of non-phosphate REE minerals, such as allanite, fergusonite ((Y, REE)NbO,), or bastnisite (REECO,F). The
results support the hypothesis that the ore mineralogy can largely be predicted from whole rock geochemis-

try. Phosphates are an important reservoir for the LREE at the Nechalacho deposit. Two main textural types
of monazite have been recognized: columnar and equant. These can be distinguished geochemically based

on U and Th concentrations. The columnar monazite is associated with biotite-quartz alteration, whereas the
equant monazite is associated with chlorite-ankerite alteration. Xenotime also occurs in various habits, such as
rods and anhedral patches. The deposit is divided into upper and basal zones, the Basal Zone having a higher
HREE/LREE ratio than the Upper Zone. It has been previously proposed that the LREE were transported from
magmatic eudialyte in the Basal Zone to the Upper Zone by hydrothermal fluids and precipitated there as LREE
minerals. A recent geochemical model predicted that a series of pulses of aqueous fluid transporting REE and
P, passing through a nepheline syenite would precipitate monazite crystals that were progressively more de-
pleted in HREE (relative to the starting fluid) with increasing distance from the source (height in the system).
The REE chemistry of monazite from Nechalacho, obtained using LA-ICP-MS, does not support this model
for the origin of the Upper Zone because the concentrations of HREE in monazite show no consistent decrease
upwards in the intrusive body, which suggests, along with the textural variability of the phosphates and their
association with different assemblages, that the genesis of the LREE mineralization was caused by multi-stage
alteration and is more complex than the proposed models imply. Fluid inclusion microthermometry on primary
fluid inclusions in quartz and xenotime indicate that the alteration fluids had salinities of ~8 to 13 wt.% NaCl
equivalent, and temperatures of 330 to 480 °C.
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Late Mesozoic volcanism in the middle and lower Yangtze River reaches, China

Huaimin, X., Institute of Geology, Chinese Academy of Geological Sciences, Bejing, China, huaiminx@sina.com

The late Mesozoic volcanism in the middle and lower Yangtze River reaches were restricted within eight volca-
nic basins, which expanded roughly along the Yangtze River, make up a discrete volcanic basin belt. The late
Mesozoic volcanic rocks in this area are dominant medium to intermediate-felsic rocks, rhyolitic rocks only
exposed in Jinniu Basin, Fanchang Basin and Liyang Basin, margin of the volcanic basin belt. These volca-

nic rocks show obvious characteristics of alkali enrichment, and can be divided into two types according K, O
contents, one is shoshonitic series volcanic basins, including Ningwu Basin, Lishui Basin, Luzong Basin and
Huaining Basin, locates inside of the volcanic basin belt. Another is high-K calc alkaline series volcanic basin,
including Jinniu Basin, Fanchang Basin, Chuzhou Basin and Liyang Basin, locates margin of the volcanic basin
belt.

Geochemically, the shoshonite series volcanic rocks enriched in strong incompatible elements such as Rb, Th,
U and K as well as light rare earth elements (LREE), depleted in high-field-strong-elements (HFSE) such as Nb
and Ta. Their Nd and Sr isotope compositions are roughly similar with the enriched subcontinental lithospheric
mantle of the Yangtze craton, imply that their parental magma were mainly come from partial melting of the
enriched subcontinental lithospheric mantle. But the tectonic setting of the basins are also play an obvious role
on the magma characteristics, indicating the existing of crustal contamination.

Compare with those shoshonite series volcanic rocks, the high-K calc alkaline series volcanic rocks show rela-
tive great differences in geochemistry, indicate inhomogeneity of magma source and complicacy of magmatic
processes. In general, contribution of crustal material for the high-K calc alkaline series volcanic rocks was
much more than the shoshonitic series volcanic rocks.

The shoshonotic series volcanic rocks formed in a very short period from 128 to 134 Ma, with a peak about 130
Ma. Whereas the high-K calc alkaline series volcanic rocks formed in a relatively long period, from about 140
Ma to about 122 Ma, with three different altitude peaks, about 133 Ma, 128 Ma and 124 Ma respectively. The
volcanism in the Middle-lower Yangtze volcanic belt show migrating current northwestward with time, and
migrating from center area of the volcanic belt outward subtilly. The bidirectional migration of the volcanism
may be the result of relative movement of the Pacific plate and the Asia continental plate and late Mosozoic
lithospheric thinning happened in the Middle-lower Yangtze region.
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Keynote (40 min): The stratigraphic expression of slope channel processes

Hubbard, S.M., University of Calgary, Calgary, AB T2N IN4, shubbard@ucalgary.ca

The sedimentary processes that form and maintain submarine channels are difficult to constrain due to the inac-
cessibility of the deep-sea, as well as the destructive nature and infrequency of formative gravity flows. Fluvial
channels have been used as analogues to submarine channels due to similarity in their sinuous planforms. How-
ever, outcrop characteristics from deep-water Cretaceous strata of the Magallanes Basin (Chile) and Nanaimo
Basin (BC), as well as fluvial deposits of the Alberta Basin suggest distinct formative processes. Meandering
fluvial systems are represented by inclined strata that reflect genetically linked point bar accretion and cut-bank
bank erosion. In contrast, the deposits of single-thread deep-sea channels are commonly characterized by sand-
stone-dominated channel form bodies composed of turbidites that bi-directionally lap onto channel edges. Out-
crop observations indicate that accommodation generation in submarine systems, presumably via deep incision,
coarse-grained sediment bypass, and aggradation of levees, is largely detached from the processes that result in
accumulation of thick sands in the channel. Through careful analysis of slope channel fill deposits, however,
formative flow dynamics can be deduced and linked to key paleoenvironmental interpretations, such as channel
sinuosity development, and turbidity current frequency and magnitude.

Slope channels are sculpted as a result of protracted erosion and sediment bypass. Inherently, evidence for these
processes is not recorded by a substantial depositional record. Sandstone-dominated slope channel fill biases
the stratigraphic record towards evidence for channel-filling processes at the expense of the record of sediment
bypass. Outcrop evidence for sediment bypass includes: (1) nested scours, which indicate a multi-phase history
of erosion and infill; (2) mudstone drapes that mantle erosion surfaces, attributed to suspension sedimentation
from the dilute tails of turbidity currents that largely bypassed the channel setting; (3) thick successions of thin-
bedded turbidites at the edges of channel fills that record a particularly complete record of channel processes;
and (4) remnants of sandstone characterized by up-slope dipping cross-stratification attributed to cyclic steps

or antidunes. The expression of these sedimentary characteristics within slope channel fills is often subtle, yet
their recognition is critical for understanding formative processes and deducing the history of protracted sedi-
ment transfer across deep-water slopes.
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Keynote (40 min): Transport, fate and impact of metallic and metalloid elements in min-
ing-affected river systems

Hudson-Edwards, K.A.!, k.hudson-edwards@bbk.ac.uk, Bird, G.2, Brewer, P}, Byrne, P.%, Jamieson, H.E.5, -
Onnis, P.4, Macklin, M.G.%, Tame, C.!, and Williams, R.D.”, 'Department of Earth and Planetary Sciences,
Birkbeck, University of London, WCIE 7HX, UK, 2School of Environment, Natural Resources and Geography,
Bangor University, Bangor, Gwynedd, LL57 2UW, UK, 3Department of Geography and Earth Sciences, Aberys-
twyth University, Penglais, Aberystwyth, Ceredigion WY23 3FL, UK; *School of Natural Sciences and Psy-
chology, Liverpool John Moores University, Liverpool, L3 3AF, UK; °Department of Geological Sciences and
Geological Engineering, Queen s University, Kingston ON K7L 3N6; SLincoln Centre for Water and Planetary
Health, School of Geography, College of Science, University of Lincoln, Brayford Pool, Lincoln, Lincolnshire
LNG6 7TS, UK, "School of Geographical and Earth Sciences, University of Glasgow, Glasgow G12 800, UK

Present-day and historic mining activities have released large quantities of metallic (e.g., cadmium, lead, zinc)
and metalloid (e.g. arsenic, antimony) contaminants into fluvial environments, via discharges of mine or pro-
cessing wastes, tailings dam failures, mine drainage and remobilization of mining-contaminated alluvium. The
contaminants pose a significant environmental threat to microorganisms, plants and animals (including humans)
which inhabit the river systems, as the elements can be ingested from water, soil and vegetation, or inhaled from
dusts. Several decades of research to help manage and protect river systems from the effects of mining-related
contaminants has focused on answering the question: What are the geochemical-mineralogical-geomorphologi-
cal controls on, and rates of, the mobilization and deposition of contaminants? Such controls are varied and
include Eh, pH, temperature, precipitation, organic matter content, bacterial activity, nanoparticle formation,
catchment morphology and sediment grain size. This presentation will give an overview of developments in our
understanding of the transport, fate and impact of contaminants in mining-impacted river systems, using exam-
ples from field studies from around the world and complementary laboratory experiments.
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Overall approach for conducting a postclosure safety assessment for a deep geological re-
pository for used nuclear fuel

Hunt, N.G., Nuclear Waste Management Organization, 22 St. Clair Avenue East, 6™ Floor, M4T 253, nhunt(@
nwmo.ca

The Nuclear Waste Management Organization (NWMO) is responsible for the implementation of Adaptive
Phased Management (APM), the federally-approved plan for the safe long-term management of Canada’s used
nuclear fuel. Under this plan, used nuclear fuel will be placed in a deep geological repository in a willing and
informed host community.

The safety of the repository depends on the combined effects of the geology, the engineered design, and the
fabrication and operating methods during construction. The ability of the repository to safely contain and iso-
late used nuclear fuel in the long-term is achieved by multiple barriers, these being the ceramic used fuel pellet,
the fuel sheath, the robust long-lived container, a series of clay-based seals and backfill material, and the rock
formation within which the repository will be located.

This paper will discuss the overall approach to creating a postclosure safety assessment. Topics addressed
include safety acceptance criteria, radionuclide screening, scenario identification and sensitivity studies, the use
of geoscientific data, the critical group, computer modelling, treatment of uncertainties, and confidence building
through the use of natural analogues. As s specific site has not been identified, hypothetical sites and concep-
tual repository designs are used to illustrate how this approach would be applied.
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A structural investigation of the Thelon and Judge Sissons faults, northeast Thelon Basin,
central Rae Domain, Nunavut

Hunter, R.C., rhunter@laurentian.ca, Lafrance, B., Mineral Exploration Research Centre, Harquail School of
Earth Sciences, Goodman School of Mines, Laurentian University, Sudbury, ON P3E 2C6, and Thomas, D.,
Cameco Corporation, 2121 11th Street West, Saskatoon, SK S7M 1J3

The Thelon and Judge Sissons faults provide a unique opportunity to study a long-lived, post-orogenic Paleo-
proterozoic fault zone that preserves ductile to brittle structures, as well as an important hydrothermal fluid
system. These faults are located along the southern margin of the northeast Thelon Basin in the central Rae
domain and were investigated through detailed structural mapping and examination of drill core. The Thelon
and Judge Sissons faults are ENE-trending and can be traced upwards of 100 km or more along strike. Indi-
vidual fault strands have well-developed damage and core zones, which vary from < 1 to 15 m in width, and
are characterized by multiple generations of quartz veins and breccias. The veins host a variety of primary
growth (chalcedonic, comb, zoned, cockade), recrystallization (moss), and replacement (bladed) textures. The
two faults initiated as dextral ductile to brittle-ductile shear zones as suggested by the presence of preserved
lozenges of mylonite within the fault zones and along their margins. Early ductile to brittle-ductile movement
along the faults overprints ca. 1810 Ma granite of the Hudson Intrusive suite, and is followed by two distinct
brittle deformation events: (1) a prominent dextral strike-slip event bracketed between ca. 1780 Ma and ca.
1720 Ma, which displaces the Schultz Lake Intrusive Complex upwards of 14 km and is characterized by near
horizontal slickenlines with step and tool mark kinematic indicators on steeply-dipping fault planes; and (2) a
dextral oblique-slip event, which is loosely constrained between ca. 1667 Ma and ca. 1267 Ma and is observed
as oblique (pitch of 50°) slickenlines overprinting earlier horizontal slickenlines along fault planes. The promi-
nent brittle dextral strike-slip movement created a Riedel shear array comprising NNW-trending sinistral R’
shears, E-trending dextral R shears, NE-trending dextral P shears, and NW-trending T veins. These structures
are present within and adjacent to the Thelon and Judge Sissons faults. As a result, an extensive fracture and
fault network was created that allowed extensive fluid migration into and along these faults during slip events.
After the Thelon Formation was deposited, late oblique-slip events along these fault zones reactivated this com-
plex structural and hydrothermal fluid flow network, which led to the creation of unconformity-type uranium
deposits in the area.
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The heat of orogeny: The importance of uniformly hot backarcs prior to orogenic colli-
sion

Hyndman, R.D., Pacific Geoscience Centre, Geological Survey of Canada and SEOS, University of Victoria,
BC, roy.hyndman@canada.ca

An unresolved problem in orogenic belts is the origin of the regional high temperature Barrovian metamor-
phism. For models using standard cool initial crust, sufficiently high temperatures can only be achieved by the
special condition of upper crust radioactive heating being distributed downward within the deforming orogenic
belt, or by substantial viscous heating. In this discussion I summarize an alternative explanation, that most oro-
gens involve a pre-collision uniformly hot subduction backarc where Barrovian conditions are already present,
and which make up the main part of the subsequent orogen. A previous compilation showed that continental
backarcs globally, commonly several 100 km wide, are uniformly hot with the exception of infrequent flat slab
subduction. Recent crustal extension is not required. The estimated time constant for backarc cooling after
subduction stops is about 300 m.y. In 10 backarcs studied with no recent extension, the heat flows are high,
~75 mW/m,, there are low seismic velocities in the upper mantle characteristic of high temperatures, and volca-
nic xenoliths from the lower crust that indicate high temperatures. Sporadic backarc basaltic volcanism is also
common. For the North American Cordillera backarc I have carried out a new thermal review. There are six
principal constraints, heat flow-radioactive heat generation measurements, upper mantle temperature-dependent
seismic velocities, mantle xenoliths, receiver function lithosphere thicknesses, thermal elevations and effective
elastic thickness. Regional temperatures at the Moho are surprisingly constant, 800-850C, compared to 400-
450C for stable cratons, with temperatures in the lower 10 km crust of 750-850C, i.e., within the peak Barrovian
P-T field. The high temperatures in the former backarc also explain why deformation is concentrated on one
side of orogens, for example the hot and weak former backarc Tibet side of the India collision. These tempera-
tures are high enough for lower crust ductile flow prior to orogenic crustal thickening. For the Himalaya-Ti-
bet orogeny, recognizing that much of the Tibet Plateau and adjacent areas were in the former hot backarc can
resolve the difficulty in collision models of generating high enough temperatures for the inferred lower crust
channel flow. High temperatures were present before collision and crustal thickening. Similar high tempera-
tures likely were present on one side of the Grenville, Appalachian, and most other orogens prior to deforma-
tion, providing an explanation for the observed Barrovian metamorphism. Understanding the origin of meta-
morphism in orogenic belts requires knowledge of the distribution and temperatures of the former hot backarcs
before collision.
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Lower crust detachment and channel flow everywhere in the North American Cordillera:
The crust moves independently of the mantle

Hyndman, R.D., Pacific Geoscience Centre, Geological Survey of Canada and SEOS, University of Victoria,
BC, roy.hyndman@canada.ca, and Currie, C.A., Dept. Physics, University of Alberta, AB

Lower crust detachment and channel flow with the crust moving independently of the upper mantle has pre-
viously been argued for Tibet, the high Andes, and the currently extending Basin and Range. A detachment
example is in northwest Canada, where the upper crust is inferred to be driven 800 km northwestward from

the coastal Yakutat terrane collision to the current thrusting in the Mackenzie Mountains and arctic Mackenzie
Delta thrust front. It also has been argued that detachment is required for tectonic continuity in foreland thrust
belts. Here we present the surprising conclusion that lower crust detachment and channel flow are occurring

in most of the North America Cordillera and in other continental hot backarcs. A clear indication comes from
seismic structure data that show the Cordillera Moho is remarkably flat at a depth of 33+3 km, from Mexico to
Alaska, in spite of a complex history of extensional faulting, large shortening deformation, and terrane accre-
tion. The constant crustal thickness must result from lower crust detachment and flow associated with Cordille-
ra-wide high temperatures. Any perturbation to the Moho boundary relaxes to a nearly horizontal gravitational
equipotential in the order of 10 Ma and significant mountain belt elevations wider than the flexural wavelength
of ~100 km are similarly short-lived unless maintained by ongoing shortening. Support for the conclusion

of detachment and flow comes from the uniform high temperatures in the lower crust that are now evident
throughout the Cordillera, 800-850°C at the Moho compared to 400-450°C in the adjacent craton from: heat
flow measurements; upper mantle seismic velocities; mantle xenoliths; receiver function lithosphere thickness-
es; and thermal elevations. Similar high temperatures and a weak ductile lower crust are required by the effec-
tive elastic thicknesses Te of less than 20 km. These temperatures are high enough for viscosities of 10" Pa s in
the lower crust, allowing detachment and ductile channel flow. Other indicators of shear and flow are: the com-
mon lower crust horizontal seismic reflectors interpreted to result from ductile shear; outcrops of former lower
crust sheared at high temperatures; and areas where the upper crust of the Cordillera has been thrust over the
adjacent craton. Large-scale regional tectonic motions such as in oroclines seem to require that horizontal crust
transport involves only the upper crust. The evidence for detachment indicates that mantle origin volcanics and
mineral deposits may not lie over their mantle source in the Cordillera.
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Converging morphometry of Proterozoic and post-vegetation rivers

lelpi, A., Laurentian University, 935 Ramsey Lake Rd., Sudbury, ON P3E 2C6, aielpi@laurentian.ca, Rainbird,
R.H., Geological Survey of Canada, 601 Booth St., Ottawa, ON KIA OES, Ventra, D., University of Geneva, 13
Rue des Maraichers, Geneva, CH-1205, Switzerland, and Ghinassi, M., University of Padua, Via Gradenigo 6,
Padua, 35131, Italy

Barren landscapes dominated the Proterozoic Earth, and their rivers had no proven interaction with any mac-
roscopic organism. It is a widely held view that, in the absence of vegetation, fluvial systems featured barely
entrenched, shallow channels that promptly widened over floodplains in response to floods. Surprisingly, this
hypothesis has never been tested because of an enduring lack of data on Precambrian fluvial-channel morphom-
etry. Here we show, through a novel integration of remote sensing and outcrop sedimentology, that large and
deeply channelled rivers were developed in the Proterozoic despite a lack of vegetation. Our dataset comprises
156 fluvial-channel forms from selected rock units exposed in the Canadian Arctic and the Scottish Highlands.
These channel forms are dated from 1.9 to 1.0 Ga, and were originally deposited a few tens to thousands of kilo-
metres from their headwaters. Most forms represent large channel bodies, likely the record of basin- to craton-
scale fluvial systems. These Proterozoic channel forms consistently present width:thickness ranges fully match-
ing those of Phanerozoic counterparts, and sedimentology pointing to low discharge variability. This evidence
suggests that morphometric parameters for large fluvial channels might have remained within a narrow range
over almost 2 billion years. We suggest closer parallels between Proterozoic and Phanerozoic fluvial dynamics,
which may better inform analyses of extraterrestrial planetary surfaces and related comparisons with pre-vegeta-
tion Earth landscapes.
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Keynote (40 min): Understanding the metamorphic architecture of large hot orogens:
Tools and limitations with examples from the Grenville Province

Indares, A., Memorial University, St John's, NL, aindares@mun.ca

Geodynamic modeling has provided a stimulating framework for the metamorphic interpretation of large hot
orogens. Several models were inspired by and adapted to the Grenville Province, however, the metamorphic
record of the orogen is still sketchily understood.

Key issues are the duration and P—T paths of granulite-facies metamorphism (and the resulting anatexis) that
prevailed in the mid-P to high-P portions of the hinterland and in the southern Parautochthonous belt. Studies
of anatectic aluminous rocks in the central Grenville where these three structural levels are juxtaposed provide
insights on anatexis, but also highlight current limitations in the understanding of the metamorphic history.
Rocks in all structural levels show evidence for: anatexis by breakdown of micas, melt escape and retention of
some melt (6—8% predicted by phase equilibria modeling). Sites of retained melt and retrograde domains linked
to melt crystallization are well documented using SEM—-MLA false-color mineral maps of thin sections, and CI-
imaging of fine textures combined with trace element signatures in quartz and kyanite.

These data in conjunction with mineral chemistry and phase equilibria modeling suggest contrasting P—T pat-
terns in the three granulite-facies segments of the central Grenville. However, there are several limitations, such
as the inability to model metamorphic pressures in apatite-bearing rocks using currently available thermody-
namic databases, and the difficulty to obtain metamorphic temperatures above the P-T field of biotite melting.
The use of trace element thermometers is an attractive alternative, but their application in anatectic rocks is still
not straightforward.

A first order distribution of the metamorphic ages available for the Grenville is consistent with long-duration
Ottawan-age metamorphism in the hinterland and short-lived Rigolet-age metamorphism in the Parautochtho-
nous belt. Yet, most of these are zircon and monazite ages which in anatectic rocks likely represent melt crys-
tallization events rather than the age of the metamorphic peak, and the meaning of the wide range of Ottawan
metamorphic ages is still not well understood.

In addition, one of the key findings in the mid-P hinterland of the central Grenville is Rigolet ages recorded by a
texturally distinct generation of monazite rims on Ottawan-age cores. These are coeval with widespread ultra-
potassic magmatism in the same crustal segment and bring to attention another aspect of the orogen that has to
be accounted for: the diversity and abundance of Grenvillian-age magmatic rocks, which are particularly wide-
spread in the hinterland of the central and eastern Grenville Province.
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Aragonite facies in an Ordovician calcite sea

James, N.P.!, Armstrong, A.K.R.%, and Narbonne, G.M.!, 'Queen s University, Kingston, ON; *International
Ocean Discovery Program, Texas A&M University, College Station, TX 77845-9547, USA

Kingston Ontario is known as ‘The Limestone City’ because most historic buildings are constructed of beauti-
fully preserved Upper Ordovician limestone. From a geological perspective the numerous outcrops and many
quarries expose one of the most important global, late Ordovician carbonate successions deposited during a
Calcite Sea time. The Black River — Trenton Groups are traditionally interpreted as a deepening—upward suc-
cession deposited in a progressively subsiding Appalachian Basin that contained warm-water photozoan depos-
its that pass upward into cool-water heterozoan carbonates. This succession has traditionally been interpreted
to reflect an incursion of cold, high-latitude ocean waters into the area. This view is herein revised in the light
of recent advances in the understanding of cool-water carbonates and calcite-aragonite seas. The succession is
now interpreted as a thermo-stratified ramp whose depositional surface sank into deep, cold waters below the
shallow thermocline, and remained there until latest Ordovician time when shallow water facies, sequestered

to the west, migrated eastward again. Although in a calcite sea, shallow tropical facies were, because of high
neritic ocean water temperatures and slightly elevated seawater salinities, aragonite-dominated. This interpreted
geohistory confirms recent concepts of calcite sea carbonate polymorph modeling. Diagenesis of the photozoan
deposits is typical warm-water but the deeper-water, heterozoan cool-water sediments are typified by seafloor
aragonite dissolution, numerous omission surface hardgrounds, and local precipitation of calcite cement.
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Compositional and diagenetic partitioning of cool-water carbonate marine and aeolianite
sediments, SE Australia; Resolution of a conundrum

James, N.P.!, Joury, M.R.F.!, Bone, Y.%, and Kyser, T.K.!, Malcolm, 1.}, !, Queen s University, Kingston,
ON, 2Adelaide University, Adelaide, South Australia

Cool-water, temperate shelf-ramp marine carbonate sediments go into the rock record as mostly low-mg calcite
particles. Temperate, seabeach calcareous dunes however, do not and are instead rich in aragonite grains, much
like warm-water, tropical carbonate acolianites. This apparent conundrum has been resolved by studying Qua-
ternary deposits in SE Australia, the most extensive such system in the modern world, extending back ~ 1 my.
Aragonite particles in the dunes come from numerous bivalves, particularly infaunal forms that thrive in the surf
zone. Whereas a proportion of the dune carbonate also comes from the offshore carbonate factory, most of the
delicate biofragments generated there, such as bryozoans, are physically destroyed in this hydrodynamically
active zone. Thus, aeolianite sediment is a mix of calcite and aragonite components, like tropical calcareous
sediments — but for different reasons. Such cool-water carbonate partitioning has important diagenetic conse-
quences. Open shelf-ramp sediment, because of the loss of aragonite over ~ 30,000 years, is largely unaffected
by subaerial exposure and remains unlithified until buried. By contrast, the aeolianites, because of abundant
molluscan aragonite grains, are lithified early via dissolution-reprecipitation during meteoric diagenesis in ~
200,000 years, with a distinctive meteoric geochemical signature. This is because the sediment is transported
landward before aragonite is lost via seafloor diagenesis. Thus, neither aeolianites nor offshore marine carbon-
ates faithfully record the composition of the original sediment; dunes lack the important bryozoan constituents
while neritic deposits lack the prolific mollusks.
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Application of automated mineralogy in human health risk assessment at the Giant Mine,
Yellowknife

Jamieson, H.E., Dobosz, A., Bailey, A.S., Bromstad, M.L., Schuh, C.E., and Van Den Berghe, M.V., Queen s
University, Kingston, ON K7L 3N6, jamieson(@queensu.ca

The use of Scanning Electron Microscopy coupled with automated mineralogy software has proven to be a
valuable tool in understanding the origin, speciation, and health risk associated with a large and complicated
legacy mine site in northern Canada. Giant Mine produced more than 220 tonnes of gold over 50 years of
production. Poor pollution control from roasting arsenopyrite-bearing ore in the early years resulted in roaster
waste co-deposition with flotation tailings and the release of 20,000 tonnes of roaster generated arsenic trioxide
from stack emissions. Understanding the distribution and mineralogy of As-hosting phases within tailings dust,
soils, and lake sediments is key to mitigating the human health hazards and to assist in remediation, which is
currently projected to cost the federal government over $1,000,000,000.

The bioaccessibility of arsenic varies significantly with the host mineral, so identifying the arsenic-hosting
phases and calculating the relative distribution is critical to assessing risk. Quantitative automated mineralogy
allows us to determine if the origin of arsenic is natural or anthropogenic, if roaster-generated arsenic-bearing
phases are likely to persist in contaminated soils and sediments, and to evaluate the risk to human health as-
sociated with the ingestion of these materials - particularly arsenic trioxide, the most soluble and bioaccessible
solid arsenic phase. In many of our samples, only 1 in 50,000 grains was identified as arsenic trioxide. In other
cases, low amounts of arsenic were present in some iron oxides, but not others. Subtle differences in chemistry
and morphology can be used to determine if an iron oxide is natural or roaster-derived.

Three types of contaminated materials from the surrounding environment have been studied. Tailings dust,

an ongoing concern to the local community due to the distance wind can carry the material, contains arsenic
mainly in the form of arsenopyrite and roaster-generated iron oxides - both of which are less bioaccessible than
arsenic trioxide. Near-surface soils on the property and beyond the lease can have total arsenic concentrations
as high as the tailings, which is predominantly hosted in arsenic trioxide. Arsenic trioxide also persists in the
sediments of nearby lakes. Study of the sediment column indicates that arsenic trioxide is slowly converting to
arsenic sulfide, a less bioaccessible phase. While originally developed for metallurgy, quantitative automated
mineralogy is a new tool for environmental geochemists to determine textural and chemical relationships that
are not evident using conventional methods.
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Keynote (40 min): Cryptic structures revealed - Where and how they form, and why it
matters

Jamieson, R.A., Department of Earth Sciences, Dalhousie University, Halifax, NS B3H 4R2, beckyj@dal.ca,
and Beaumont, C., Department of Oceanography, Dalhousie University, Halifax, NS B3H 4R2

Cryptic structures in crustal-scale thrust zones have received considerable attention recently (e.g., Cottle et

al., J.Struct.Geol. 78, 119-133, 2015), as if they were somehow new and enigmatic. In fact, these features are
entirely predictable and have been observed and understood for decades. They are “cryptic” in the sense that a
discontinuity within an apparently continuous metamorphic sequence can be revealed from a range of structural
and metamorphic criteria, including abrupt, foliation-parallel lithological changes and significant contrasts in
pressure-temperature-time-deformation (P-T-t-d) histories over short distances. They are typically associated
with inverted metamorphism, and are a predictable consequence of the way these sequences are constructed.

Numerical models for the Himalayan-Tibetan system published more than a decade ago (Beaumont et al., 2001,
Nature 414, 738-742, 2001; JGR 109, B06406, 2004; Jamieson et al., JGR, 109, B06407, 2004; GSL Spec.Pub.
268, 165-182, 2006) predict that cryptic structures should have developed within the Greater Himalayan Se-
quence (GHS) and Main Central Thrust (MCT) zone during early thrusting and subsequent metamorphism and
exhumation accompanying channel flow. Vertical protolith boundaries tracked through the models (Jamieson et
al., 2006) become strongly attenuated and imbricated during transport beneath the plateau and exhumation at the
flank of the model orogen. Early thrusts formed during construction of the model orogen survive burial, trans-
port in the mid-crustal channel, and exhumation at the plateau flank. In the models, material emerging from
beneath the plateau is juxtaposed with newly accreted material across a first-order discontinuity (“MCT” of
Jamieson et al., 2004). Because it is syn-metamorphic, and therefore affected by structural reworking and meta-
morphic overprinting, the natural equivalent of this boundary may be difficult to detect from field observations
alone. However, contrasting P-T-t paths (broad loops above the “MCT?”, tight hairpins below it) and peak meta-
morphic ages (older above the “MCT”, younger below) reflect the contrasting trajectories of the corresponding
materials through the orogen. Equivalent discontinuities form throughout the growth of the model orogen as
footwall material is accreted deep in the crust, forming finite-thickness ductile thrust sheets. The accumulation
of these accreted sheets and their bounding cryptic structures, in combination with their differential transport in
response to velocity gradients within the orogen, contributes to the tectonic assembly of the resulting inverted
metamorphic sequences. Despite claims to the contrary (e.g., Carosi et al. Geol.Soc.Am.Bull. 128, 1571-92,
2016), cryptic structures are entirely compatible with channel flow.
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Deformation history of the Black Bay Fault

Jamison, D., djamison@uwaterloo.ca, Lin, S., University of Waterloo, Department of Earth and Environmental
Sciences, 200 University Ave W., Waterloo, ON N2L 3G, Martel, E., Northwest Territories Geological Survey,
4601-B 52" Ave., Yellowknife, NT X1A4 219, and Pehrsson, S., Geological Survey of Canada, 601 Booth Street,
Ottawa, ON S7M 1J3

The Black Bay Fault (BBF) is a major Paleoproterozoic northeast-southwest trending crustal-scale structure
transecting the South Rae Province of the Canadian Shield. From the shore of Lake Athabasca in northern Sas-
katchewan (SK), the BBF extends 100’s km northward into the Northwest Territories (NWT). Little is known
about the fault, with only a few small-scale studies completed in the vicinity of Uranium City, SK. Timing of
deformation remains poorly constrained. In the NWT, the fault has primarily been traced from aeromagnetic
lineaments, and becomes more complex, with a large NW trending segment. As a part of the GSC’s GEM2
South Rae project, in collaboration with the NWT Geological Survey, the continuation of the BBF into the
NWT (NTS 75B, G and H map sheets) was examined to better understand the history the fault.

Overall, the BBF is observed to be a steep west dipping structure associated with a strong NE/SW trending
fabric separating the Ena and McCann from the Firedrake domains with different tectonometamorphic histories.
The BBF has experienced at least four phases of deformation, progressing from ductile to brittle-ductile through
to brittle. Early deformation, D, produced NNE-SSW trending west-side up sinistral transpressional structures,
and with deformation preserved in locations which contain a large amount of strain heterogeneity. D, appears
to be the main exhumation driver of the western domains, with sheath folds observed in the S, fabric with steep
stretching lineations. Rare NE plunging tonalitic L-tectonites were also developed during D,. D, formed an
overprinting southwest dipping foliation, shallowly-NW plunging lineations and sinistral kinematic indicators,
developing the NW trending segment via sinistral shearing. D, is a well recorded dextral transpressional event
which produced a pervasive steep west-dipping NE-SW trending foliation and moderately-SW plunging stretch-
ing lineation. D, deformation progressed from a mylonitic brittle-ductile regime around Uranium City towards
a gneissic ductile regime in the north of 75 B. Late stage brittle deformation of the BBF occurred during D, in
the Uranium City vicinity with a dextral component parallel to the fault trace along with a conjugate set of E-W-
trending sinistral faults. A reemergence of the shallower level deformation resembling the deformation around
Uranium City was observed around the northern extent of the NW trending segment and has been preserved
from late normal south-side down motion on the segment.
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3D numerical modeling of mantle lithospheric removal induced by eclogitization

Janbakhsh, P., Ph.D. Program, Dept. of Earth Sciences, University of Toronto, payman.janbakhsh@mail.uto-
ronto.ca

Numerous geophysical, geochemical and petrological studies have been dedicated to understanding the stability
of lithospheric roots and removal mechanisms. Many rheological and compositional factors have been identi-
fied that lead to the onset of instability and subsequently to the removal of mantle lithosphere. Eclogitization of
lower crust and the resulting density and viscosity modifications might be one of the leading factors to litho-
spheric instability in compressional stress regimes.

The attempt to reconcile any geodynamic model to surface kinematics and crustal deformations is more compli-
cated than geophysical inversions. The challenge lies in the added number of rheological and thermo-mechani-
cal parameters that plague the problem with non-uniqueness. Well-constrained numerical geodynamic model-
ing is the only tool capable of combining a number of tectonic processes and solve the governing equations of
geodynamics to provide quantitative exploration of the respective effects.

Preliminary 2D and 3D numerical experiments will be presented that are designed to investigate the density and
viscosity effects of lower crustal eclogitization on the decoupling process of mantle lithosphere from the crust
and its delamination. These models consider a central orogeny undergoing shortening and thickening due to
plate convergence. Through systematic modification of rheological parameters of lower and upper crust as well
as activation energies of upper mantle and mantle lithosphere, the propensity and style of decoupling, and re-
moval mechanisms are examined. These numerical experiments show how the evolution of surface topography
is influenced by the degree of symmetry in subsurface processes.
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Indicator minerals and pathfinder elements from a regional drilling program, Lac de
Gras, NT; Insights into 3-D dispersion resulting from ice flow shifts

Janzen, R.J.D., r4djanzen@uwaterloo.ca, Kelley, S.E., Ross, M., University of Waterloo, University Avenue West,
Waterloo, ON N2L 3G1, Normandeau, P.X., and Elliott, B., Northwest Territories Geological Survey, 52" Ave-
nue, Yellowknife, NT X1A4 2L9

The discontinuous till on the Canadian Shield displays surficial patterns derived from local bedrock sources and
the net effect of ice flow and sediment transport history. This pattern reflects an incomplete mixing of older
and younger tills. However, dispersal inheritance of the till is often from the most recent transport direction
despite a more complex erosional record. In the Lac de Gras region, some dispersal patterns, such as the Cop-
permine indicator train, are difficult to explain because their source has not yet been identified despite consider-
able effort. One hypothesis is that the Coppermine train may be offset from the source due to an older transport
direction. Thicker pockets of till occur in the region, such as in the tail of a rock knobs, and may contain the
archives of till produced by older ice flow phases. Linking subsurface information from areas of thicker till to
the surface information could reveal important insights into the real 3D dispersal patterns and potentially help
explain the Coppermine Indicator train. This research utilizes shallow subsurface data from a regional drilling
program consisting of 156 downhole till samples from 52 RC boreholes and 11 additional surficial till samples
to complement available data. Kimberlite Indicator Minerals and geochemical pathfinder values were obtained
from the collected samples. Results show contrasting subsurface and surface patterns, indicating the deeper till
either represents a different stratigraphic unit in places or has a higher compositional inheritance from older ice
flow phases. Three main regional ice flow directions progress in age from SW (oldest) to W, to NW (youngest).
These are recorded in landforms and erosional indicators on outcrops. Our results show evidence for complex
and discontinuous three-dimensional till dispersal patterns that match the ice flow history. The 3-D composi-
tional patterns reveal greater complexity than previously recognized based on surficial data only. Three-dimen-
sional reconstructions based on regional drilling campaigns can help enhance the abundant surficial information
and improve the interpretation of the net effect of ice flow shifts on sediment erosion, transport, and deposition.
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Structural control of mineralization and history of deformation at the Island Gold deposit,
Superior Province, Ontario

Jellicoe, K.M., k.jellicoe@gmail.com, and Lin, S., University of Waterloo, University Avenue, Waterloo, ON
N2L 3Gl

The Michipicoten Greenstone Belt of the Superior Province in northern Ontario lies to the southeast of the
Hemlo gold camp and is proposed as the western extension of the Abitibi Greenstone belt. It contains the Gou-
dreau Lake Deformation Zone (GLDZ) which hosts multiple gold deposits, most notably the Island Gold depos-
it. At least two generations of brittle-ductile to ductile deformation in the GLDZ have been recognized. D, con-
sists of regional-scale folding and the formation of the GLDZ along a parasitic synclinal fold on the northern
limb of the Goudreau Anticline. S, the prevalent, approximately 60°-striking foliation, as well as a camp-scale
S-fold, are associated with this early folding. Stretching lineations on the S, surface, defined by elongated
phenocrysts, display an average plunge of 62° to the northeast and were observed to both the north and south of
the deposit. D, is defined by shallow, west-plunging Z-folds that are locally associated with dextral shear sense
indicators. S, crenulation cleavage is locally pervasive. It overprints S, and forms sub-horizontal crenulation
lineations. The Island Gold deposit forms a mineralized corridor within the GLDZ. It is comprised of the Is-
land Gold, Island Deep, Lochalsh, and Extension 1 and 2 Zones, which lie along strike, and the Goudreau Zone
which lies to the north. The Island and Extension Zones are hosted in intermediate to felsic volcanic rocks and
consist of eight subparallel ore zones of predominantly smoky grey quartz veins within a silicate and sericite
alteration package. The ore zones strike approximately 60° and dip approximately 80° to the south. The Gou-
dreau Zone also consists of several ore zones and is hosted by both intermediate to felsic volcanic rocks and the
Webb Lake Stock. Most mineralization in the Goudreau Zone is interpreted as similar to the Island and Exten-
sion Zones but another, earlier, type of mineralization is also observed which consists of horizontal extensional
ore veins and associated moderate to nonexistent alteration package that are tightly folded with hinges plunging
shallowly to the east. Most ore veins were emplaced during D,. They were folded and underwent extension
during progressive D, deformation, resulting in pinch-and-swell and boudinage structures. Shallow en echelon
veins, associated with D,, cross-cut the ore zones.
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Geochemical and textural analysis of the cyclic units in the Peridotite zone, Stillwater
Complex, Montana

Jenkins, M.C. and Mungall, J.E., University of Toronto, 22 Russell St., Toronto, ON MS5S 3B1, chris.jenkins@
mail.utoronto.ca

Geochemical and quantitative textural methods are applied to cyclic units in the Peridotite zone of the Stillwater
Complex, a six-kilometer-thick layered mafic-ultramafic intrusion in south west Montana, USA, to identify and
interpret variations in the cooling history and environment during formation of cumulate layers. The Peridotite
zone represents the bottom two-thirds of the Ultramafic series of the complex and varies in thickness from about
360 m in the western part of the complex and to 1200 m in the east. Previous work has identified between 19
and 42 complete or partial cyclic sequences in the Peridotite zone. Each cyclic unit is composed, from top to
bottom, of cumulate layers of orthopyroxenite, harzburgite, and peridotite and may or may not also include a
massive chromitite layer near the base of the peridotite layer. Conventional models for the formation of the cy-
clic units have hinged on fractional crystallization of cumulus minerals in a large, slowly cooling magma cham-
ber in which each cyclic section represents the injection of new magma into the chamber. We present geochem-
ical and quantitative textural results for variations in composition and rock texture within and between cumulate
layers in a 45 m section of drill core from the Mountain View area of the complex which includes as many as
six cyclic units. Oxygen fugacity (f_,) was tracked through the section by probing co-existing cumulus olivine
and chromite to monitor the redox conditions of the system. The Mg-number and nickel content in olivine were
measured to look for possible evidence of the infiltration metasomatic processes which have been identified

at the base of cyclic units of some layered mafic intrusions. Crystal size distributions (CSDs) of chromite and
olivine were used to examine the cooling history and grain coarsening processes throughout the section. Pre-
liminary results show no systematic increase in olivine grain size with increased depth down a cyclic unit as
observed by other authors. Additionally, variation in the CSD shape for olivine grains indicate that increased
residence time or coarsening have influenced development of textures in a non-uniform way through a single
cyclic unit. Finally, we summarize the cumulate textures found in the cyclic units which are dominated by
orthocumulates and mesocumulates composed of varying amounts of cumulus olivine, bronzite, and chromite
with or without oikocrysts of bronzite and augite and intercumulus plagioclase, augite, and phlogopite. Coarse-
grained to pegmatitic olivine cumulates are often found in proximity to massive chromitite layers.
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Adaptive Phased Management: Canada’s plan for long-term management of nuclear used
fuel the role of geosciences

Jensen, M.R., Nuclear Waste Management Organization, 22 St. Clair Ave. East, Toronto, ON M4T 283, mjen-
sen@nwmo.ca

The Nuclear Waste Management Organization (NWMO) is responsible for the long-term safe management of
Canada’s used nuclear fuel. The Federally approved plan for long-term used fuel management being imple-
mented by the NWMO is referred to as Adaptive Phased Management (APM). The APM approach ultimately
envisions Canada’s used nuclear fuel being emplaced within a multi-barrier Deep Geologic Repository (DGR)
designed to provide passive safety at time frames relevant to repository safety (i.e., IMa) in a suitable sedimen-
tary or crystalline setting. As part of APM, the NWMO fosters advances in Geoscience related to the charac-
terisation and assessment of varied geologic settings to safely host a DGR at a nominal depth of 500 m. The
Geoscience program is multi-disciplinary, with a focus on methods necessary to gather evidence regarding the
past, present and future evolution of the geosphere as it influences understanding of geologic formation barrier
properties, longevity and integrity. In this role, Geoscience provides a basis to develop a Descriptive Geosphere
Model that supports science-based understanding of DGR containment and isolation, which is integral to a site-
specific DGR Safety Case.

The APM Geoscience work program is intent on preserving knowledge and refining methods to enhance ex-
ploration of deep-seated low-permeability crystalline and sedimentary groundwater systems. The activities fall
into four categories: 1) development of laboratory and surface based in-situ borehole techniques to characterise
sub-surface conditions governing, in part, site suitability; i1) illustrative numerical experiments and site-specific
assessments at repository, local and regional geosphere scales to capture the time rate of change and magnitude
of geosphere response to events, including natural and repository-induced perturbations; 1iii) assessment of
uncertainty relevant to repository safety, including seismic hazard, geomechanical stability, Excavation Dam-
age Zone (EDZ), coupled Thermal-Hydraulic-Mechanical phenomena, and long-term climate change resulting
in glacial and permafrost advance and retreat over the North American continent; and iv) collaborative applied
research and development within crystalline and sedimentary Underground Research Laboratories on phenom-
ena directly linked to testing of, and ensuring confidence in, a case for DGR safety.

This presentation provides a description of the APM Geosciences technical program, with a focus on key activi-
ties aimed to continually improve the scientific basis on which the behaviour of the geosphere can be tested in
its capacity as a natural barrier to passively contain and isolate used nuclear fuel for safety-relevant time peri-
ods.
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Triassic transpressional deformation along the Shangdan Tectonic Zone and the tectonics
of the Qinling orogenic belt in China

Jiang, D.!, Qu, M.}, Shi, J.!, djiang3@uwo.ca, Li, Y.2, and Lu, L.X.!, 'Earth Sciences, Western University, Lon-
don, ON N6A 5B7; *Department of Geology, Northwest University, Xi'an, 710069, China

The Shangdan Tectonic Zone (SDTZ) is the suture between a late Paleozoic (~350-320Ma) northward dipping
accretionary belt, called the North Qinling Block (NQB), in the southern margin of the North China Plate and

a sliver continental fragment (or fragments) called the South Qinling Block (SQB). The latter is considered

to have been derived from the South China (Yangtze) Plate. The timing of the collision between the NQB

and SQB along the Shangdan suture, the kinematic evolution of the SDTZ and its relation to the country rock
deformation are crucial questions for Qinling tectonics but have been in debate for many decades. A popular
current view is that the Shangdan suture formed in the Paleozoic but strong thrusting and folding in the country
rock took place in the Triassic, in respon