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Introduction and Acknowledgements 

Hello,  and welcome to the 2014 ATLAS Research Symposium! 

If you’re new to the department or haven’t previously attended one of our annual Research 

Symposiums, then let us first explain that this is a two-day event in which undergraduate and 

graduate research is showcased to the department. We believe that communicating our work 

and encouraging cross-disciplinary discussion is an integral part of a university research 

environment, and also provides an opportunity for students to practice their presentation skills 

in a friendly and welcoming environment. 

Furthermore, the Symposium features two invited keynote talks from a top researcher in their 

field, an undergraduate poster session, and a formal banquet held on the Friday evening to 

wrap up the proceedings. For information on previous year’s Research Symposiums please visit 

the Symposium Archive on the new ATLAS webpage – www.atlasualberta.com. 

This year’s Symposium is scheduled for April 10th-11th, and it is our pleasure to announce that 

Dr. Richard W. Carlson from the Carnegie Institute of Washington will attend as our invited 

guest speaker. We would like to extend our gratitude to Dr Carlson for attending the 2014 

Symposium. 

Additionally, we would like to warmly thank this year’s symposium sponsor – Imperial Oil, and 

our two undergraduate poster session sponsors – the University of Alberta Undergraduate 

Research Initiative (URI) and PS Warren Geological Society. Their generous donations have 

helped to fund the event, specifically supporting our guest speaker’s travel, the Thursday 

department lunch, the many coffee breaks, and the undergraduate poster session prize. 

We would also like to show our gratitude to both the students and faculty members of the 

Earth and Atmospheric Sciences department who have helped in various ways to make this 

year’s Symposium happen – their time and energy have been invaluable. 

Whether presenting a talk or attending the sessions, we hope you enjoy this year’s event and 

all it has to offer! 

Regards, 

The ATLAS Executive 
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2014 Schedule Overview – Thursday April 10th
 

Time Presenter Title 

8:30 AM Coffee & snacks 

9:00 AM Janina Czas Reworking of lithospheric mantle beneath the sask craton, Canada: 
Re-Os and platinum group element systematics 

9:20 AM Laura Brin The age and origin of lithospheric mantle beneath central Victoria 
Island and Parry Peninsula 

9:40 AM Pedro Waterton Preliminary work on the ~1.9 Ga Rabbit Point Komatiite 

10:00 AM Nicholas Castle Observational and experimental results for Tissint magma formation: 
The story thus far 

10:20 AM Coffee break 

10:40 AM Evan DeLancey Hyperspectral remote sensing of boreal forest tree diversity at 
multiple scales 

11.00 AM Danny Hnatyshin Introduction to paleomagnetic dating  

11:20 AM Jesse Reimink An Iceland-like setting for generation of Earth’s earliest known 
continental crust 

11.40 AM Coffee break 

12.00 PM Dr. Richard 
Carlson 

Keynote Talk - Pacific Northwest Volcanism: The Connection of 
Mantle Dynamics and Continent Formation 

1.00 PM Coffee break 

1.20 PM David Dockman The High Arctic Large Igneous Province (HALIP): A study in 
geochemistry and variations in lithospheric thickness 

1:40 PM Robert Dokken Detrital zircon geochronology of the Fredericton Trough, New 
Brunswick: Evidence for Silurian closure of an Iapetus remnant 

2:00 PM Mandy Krebs Variability in diamond population characteristics across the size range 
0.2 – 2.4 mm – A case study based on diamonds from Misery (Ekati 
mine) 

2:20 PM Yannick 
Bussweiler 

Carbonate-rich polymineralic inclusions in megacrysts from 
kimberlites – a link to the parent magma? 

2.40 PM Coffee break 

3:00 PM Sean Tombe The Brucejack porphyry-related epithermal Au deposit, Northwestern 
British Columbia 

3:20 PM Lijuan Liu Geochronology, geochemistry, and fluid inclusion study of the 
Newton epithermal gold deposit, British Columbia 

3:40 PM Lin Chen Further Re-Os arsenopyrite geochronology from selected Meguma 
Au deposits, Meguma terrane, Nova Scotia: Possible evidence for a 
protracted gold-forming system 

4:00 PM Joe Magnall Can widespread euxinic conditions still be considered a prerequisite 
for sedimentary exhalative mineralization in the Selwyn Basin? 

4:20 PM End of talks, Day 1 
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2014 Schedule Overview – Friday April 11th 

Time Presenter Title 

8:30 AM Coffee & snacks 

9:00 AM Gabrielle 
Klappstein 

Shallow hydrogeological and hydrochemical characterization of 
the Aquistore CO2 sequestration site in Estevan, Saskatchewan 

9:20 AM Laura Gillard Pathways and variability of melt from the Greenland Ice Sheet 
into the Atlantic Ocean over 1960 to 2000 

9:40 AM Ting Liang Deciphering the impact of sea-level changes and tectonic 
movement on erosional sequence boundaries in carbonate 
successions: A case study from Tertiary strata on Grand Cayman 
and Cayman Brac, British West Indies 

10:00 AM Matt Mahony 50,000 years of paleoenvironmental change from central Yukon 
permafrost 

10:20 AM Coffee break 

10.40 AM Neil Beaton [Absent] Diagenetic controls on hydrothermal fluid flow in the 
Osiris, Isis, and Isis East carlin-type Au showings, Nadaleen Trend, 
Yukon 

11:00 AM Nurmaiya Brady  The Mahatma Gandhi National Rural Employment Guarantee 
Scheme: A Pathway to enhanced food security and well-being in 
India?  

11:20 AM Alison 
Cheesbrough 

Everyday Wild: How do preserved natural areas in the City of 
Edmonton contribute to health and wellbeing? 

11:40 AM Jia Li Transitions around smoking: The experiences of Chinese 
migrants to Edmonton 

12.00 PM Lunch 

1.20 PM Carolyn Furlong The ecology, neoichnology and sedimentology of siliciclastic hard 
ground communities: Implications for Trypanites assemblages in 
the rock record 

1:40 PM Sergey 
Kuflevskiy 

Dolomite recrysallization along the Rimbey-Meadowbrook reef 
trend, Western Canada Sedimentary Basin, Alberta, Canada 

2:00 PM Naomi Miles Timing of source rock deposition in the Georgina basin, Australia 

2:20 PM Michelle Speta Hyperspectral imaging for the determination of bitumen content 
in oil sands core samples 

2.40 PM Coffee break 

3.00 PM Undergraduate Poster Session 

4.00 PM Afternoon break 

5.00 PM Dr. Richard 
Carlson 

Keynote Talk - A History of Earth Formation 

6:00 PM End of talks, Day 2 

6.30 PM Symposium Banquet – Cocktail hour 

7.30 PM Symposium Banquet – Dinner Service 
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2014 Session Schedule & Banquet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coffee and snacks will be provided during all breaks (shown here with a crosshatch pattern). 

Food will also be provided during the Keynote talk on Thursday lunchtime and the 

Undergraduate Poster Session on Friday afternoon. 

The symposium banquet will take place at the Faculty Club, after the Keynote talk on Friday the 

11th: doors will open for drinks at 6:30pm, dinner will be served at 7:30 pm. Entrance is limited 

to those who have pre-purchased tickets. 
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Invited Guest – Dr. Richard W. Carlson 

It is our pleasure to announce that Dr. Richard W. Carlson from the Carnegie Institute of 

Washington will attend as our invited guest speaker. 

Biography - Richard Carlson obtained his BS in chemistry at the University of California, San 

Diego and PhD in Earth Science at the Scripps Institution of Oceanography. He joined the 

scientific staff of the Department of Terrestrial Magnetism in 1981. His research focuses on the 

use of the elemental and isotopic composition of rocks and minerals to investigate the origin 

and evolution of the Solar System, terrestrial planets, Moon and Earth. He is a Fellow of the 

Geochemical Society, American Academy of Arts & Sciences, and the American Geophysical 

Union, a Member of the U.S. National Academy of Sciences, recipient of the 2008 Bowen Award 

of the AGU and the 2013 Day Medal of the Geological Society of America, and the Past 

President of the Geochemical Society.  

Dr. Carlson's webpage can be viewed at: http://home.dtm.ciw.edu/users/carlson/ 

 

Photo credit: Dr Richard W. Carlson 

http://home.dtm.ciw.edu/users/carlson/
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Invited Guest - Keynote Talks 
 
Keynote Talk - Thursday 10th, 12.00pm; Tory 3-36 
 
Pacific Northwest Volcanism: The Connection of Mantle Dynamics and Continent Formation  
 

Magmatic additions to North America over the past 200 Ma have extended up to 2000 km east 

of the convergent margin.  Though the instigation of volcanism by plate subduction is relatively 

well understood, how plate boundary magmatism can occur so far behind the boundary is 

not.  The talk will summarize the results from the recently completed High Lava Plains project 

that was a multidisciplinary effort that combined seismic imaging, studies of the composition 

and chronology of the volcanism, and geodynamic modeling to show how mantle motion in 

response to a failing subduction zone, perhaps accompanied by a mantle plume, combined to 

create the wide spread magmatism that represents a significant volumetric addition to the 

continent of North America over a relatively short time period. 

 
Public Lecture - Friday 11th, 5.00pm; ESB 3-27 
 
A History of Earth Formation 
 

Our understanding of the steps involved in Earth formation have been transformed by a 

combination of astronomical observations, theoretical modeling, and measurements of rocks 

dating from the first few hundred million years of Solar System formation. Among the advances 

on this subject is recognition that the growth of planetary embryos occurred quite quickly, so 

Earth likely formed not by the gentle accumulation of small, asteroidal size, objects, but by 

violent collisions between larger planetesimals.  The last of these violent collisions is 

responsible for forming Earth's Moon.  Surprisingly, after this violent birth, Earth quickly 

recovered so that by 4.3 billion years ago Earth was forming crustal rocks through processes 

similar to those still occurring today, and Earth's surface had cooled to the point where there 

was liquid water, likely lakes or oceans, already present. 
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Undergraduate Poster Session 

Posters will be displayed in Tory 3-50 and are available for viewing at any time during the two 

day event.  

The undergraduate poster session will be held on Friday April 11th at 3 pm; snacks and 

refreshments will be provided in Tory 3-50 throughout. During the poster session, the 

presenters will be available to discuss their work, and graduate student judges from a variety of 

subject areas in EAS will review the poster submissions and question the presenters. The best 

poster (announced at the end of the session) will be awarded a cash prize. 

Special thanks to the two sponsors of the undergraduate poster session - PS Warren Geological 

Society and the University of Alberta Undergraduate Research Initiative. 

The following posters will be displayed for viewing (full abstracts are listed in the Abstract 

Index): 

 

Presenter Title 

Adam Semchuk Sedimentological and ichnological analysis of the McMurray Formation 
Amphitheatre Outcrop, Fort Mackay, Alberta 

Donald Prenoslo A sedimentological and ichnological analysis of the Swift Formation 

Eric Webb Chemistry and size characterization of iron flocs 

Logan Boyce Making the connection: Petrogenetic models and geochemistry of the 
Double Double gold zone, Kaminak’s Coffee Gold project, Yukon, 
Canada 

Sarah Shultz Co-occurrence of Trypanites-Glossifungites demarcated discontinuity 
surfaces of the Triassic Baldonnel Formation in Williston Lake, British 
Columbia 

Sasiri Bandara Assessing thermokarst lake history in the Old Crow Basin, Northern 
Yukon 

Yuhao Li Regional sedimentology and ichnology of basal Cretaceous Gething 
Formation, north-central Alberta 
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Full Abstract Index (by surname) 

Graduate Talks 

Presenter Date/Session Title pg 

Beaton, Neil Friday/Six Diagenetic controls on hydrothermal fluid flow in 
the Osiris, Isis, and Isis East carlin-type Au 
showings, Nadaleen Trend, Yukon 

11 

Brady, Nurmaiya Friday/Six The Mahatma Gandhi National Rural Employment 
Guarantee Scheme: A pathway to enhanced food 
security and well-being in India?  

12 

Brin, Laura Thursday/One The age and origin of lithospheric mantle beneath 
central Victoria Island and Parry Peninsula  

13 

Bussweiler, 
Yannick 

Thursday/Three Carbonate-rich polymineralic inclusions in 
megacrysts from kimberlites – a link to the parent 
magma?  

14 

Castle, Nicholas Thursday/One Observational and experimental results for Tissint 
magma formation: The story thus far  

15 

Cheesbrough, 
Alison 

Friday/Six Everyday Wild: How do preserved natural areas in 
the City of Edmonton contribute to health and 
wellbeing?  

16 

Chen, Lin Thursday/Four Further Re-Os arsenopyrite geochronology from 
selected Meguma Au deposits, Meguma terrane, 
Nova Scotia: Possible evidence for a protracted 
gold-forming system  

17 

Czas, Janina Thursday/One Reworking of lithospheric mantle beneath the sask 
craton, Canada: Re-Os and platinum group element 
systematics  

18 

DeLancey, Evan Thursday/Two Hyperspectral remote sensing of boreal forest tree 
diversity at multiple scales  

19 

Dockman, David Thursday/Three The High Arctic Large Igneous Province (HALIP): A 
study in geochemistry and variations in lithospheric 
thickness  

20 

Dokken, Robert Thursday/Three Detrital zircon geochronology of the Fredericton 
Trough, New Brunswick: Evidence for Silurian 
closure of an Iapetus remnant 

21 

Furlong, Carolyn Friday/Seven The ecology, neoichnology and sedimentology of 
siliciclastic hard ground communities: Implications 
for Trypanites assemblages in the rock record  

22 

Gillard, Laura Friday/Five Pathways and variability of melt from the 
Greenland Ice Sheet into the Atlantic Ocean over 
1960 to 2000  

23 

Hnyatshin, Danny Thursday/Two Introduction to paleomagnetic dating  24 



ATLAS Research Symposium 2014  10 

Presenter Date/Session Title pg 

Klappstein, 
Gabrielle 

Friday/Five Shallow hydrogeological and hydrochemical 
characterization of the Aquistore CO2 
sequestration site in Estevan, Saskatchewan  

25 

Krebs, Mandy Thursday/Three Variability in diamond population characteristics 
across the size range 0.2 – 2.4 mm – A case study 
based on diamonds from Misery (Ekati mine)  

26 

Kuflevskiy, Sergey Friday/Seven Dolomite recrysallization along the Rimbey-
Meadowbrook reef trend, Western Canada 
Sedimentary Basin, Alberta, Canada 

27 

Li, Jia Friday/Six Transitions around smoking: The experiences of 
Chinese migrants to Edmonton 

28 

Liang, Ting Friday/Five Deciphering the impact of sea-level changes and 
tectonic movement on erosional sequence 
boundaries in carbonate successions: A case study 
from Tertiary strata on Grand Cayman and Cayman 
Brac, British West Indies  

29 

Liu, Lijuan Thursday/Four Geochronology, geochemistry, and fluid inclusion 
study of the Newton epithermal gold deposit, 
British Columbia  

30 

Magnall, Joseph Thursday/Four Can widespread euxinic conditions still be 
considered a prerequisite for sedimentary 
exhalative mineralization in the Selwyn Basin? 

31 

Mahony, Matt Friday/Six 50,000 years of paleoenvironmental change from 
central Yukon permafrost 

32 

Miles, Naomi Friday/Seven Timing of source rock deposition in the Georgina 
basin, Australia  

33 

Reimink, Jesse Thursday/Two An Iceland-like setting for generation of Earth’s 
earliest known continental crust 

34 

Speta, Michelle Friday/Seven Hyperspectral imaging for the determination of 
bitumen content in oil sands core samples 

35 

Tombe, Sean Thursday/Four The Brucejack porphyry-related epithermal Au 
deposit, Northwestern British Columbia  

36 

Waterton, Pedro Thursday/One Preliminary work on the ~1.9 Ga Rabbit Point 
Komatiite  

37 
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Diagenetic controls on hydrothermal fluid flow in the Osiris, Isis, and Isis East carlin-type Au 

showings, Nadaleen Trend, Yukon 

Beaton, N.I, Gleeson, S.A, Lane, J. 

The Rackla Au Belt is located 55 kilometers northeast of Keno City in Central Yukon and 

contains the Nadaleen Trend, a fault-bounded package of Cambrian to Neoproterozoic aged 

units. The Nadaleen Trend also contains the first Carlin-type Au showings to be found in 

Canada; the most significant are the Conrad and Osiris zones. In this project, the diagenetic and 

cementation history of the Osiris, Isis, and Isis East zones is being studied to gain an 

understanding of the factors controlling fluid flow. This will help in the prediction of the 

location of Au away from feeder faults and will add to the overall understanding of the 

geological history of the Nadaleen Trend.    

Mineralization in the Osiris, Isis, and Isis East zones is hosted by silty carbonates from the Upper 

Neoproterozoic Windermere Supergroup, which have been affected by anticlinal folding and 

thrust faulting. Gold is often found in decarbonatized, silicified and realgar-mineralized zones 

commonly associated with faulting. Away from the faults, Au grades are often correlated with 

large intervals of dolomitization, suggesting matrix permeability is an important factor 

controlling mineralization. Previous work has suggested that Au is associated with thin rims of 

“fuzzy”-textured arsenian pyrite overgrowing earlier pyrite, similar to some of the deposits in 

the Carlin District.  

A petrographic and cathodoluminescence study was carried out on 502 samples and a 

paragenetic sequence has been constructed.  The host rocks are wackestones and lime 

mudstones. These units were dolomitized during early diagenesis and then crosscut by low Mn-

calcite veins and disseminated pyrite was also precipitated at this stage. The next paragenetic 

stage involved the precipitation of quartz, barite, sphalerite, Cu-As sulfides, Pb-As-sulfides and 

texture-destructive hydrothermal dolomite. Stylolites and higher-Mn calcite veins post-date the 

base metal mineralization. The ore stage consists of high-Mn dolomite veins and the formation 

of small amounts of arsenian pyrite. High-Mn calcite veins, realgar, orpiment and a second 

phase of stylolite development were the last events to affect the rocks. Stable isotope and fluid 

inclusion analyses are being used to determine the source and composition of the fluids and a 

model of the evolution of the hydrothermal system through time will be presented. 
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The Mahatma Gandhi National Rural Employment Guarantee Scheme: A pathway to 

enhanced food security and well-being in India? 

Nurmaiya Brady, Dr. Rhonda Breitkreuz, Carley-Jane Stanton 

Poverty and food insecurity rates in India have persisted despite the nation's significant 

economic growth. Between 1993 and 2005 the poverty rate decreased from 49.4% to 41.6%, a 

small improvement considering the rate of growth during this period (Oxfam India, 2010). One 

approach taken by governments to address issues of rural poverty and food insecurity is 

employment guarantee programs. One such example is India's Mahatma Gandhi National Rural 

Employment Guarantee Scheme (MGNREGA). The purpose of this poster presentation is to ask: 

do employment guarantee programs have a role to play in addressing food security and well-

being in rural households, and if so, how?  

This study was completed as part of the Alleviating Poverty and Malnutrition in Agrobiodiversity 

Hotspots (APM) project conducted by the University of Alberta and the Swaminathan 

Foundation in India. Our investigation provides a critical analysis of the MGNREGA through 

identifying its policy claims and empirically analyzing the effectiveness of the program relative 

to those claims.  
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The age and origin of lithospheric mantle beneath central Victoria Island and Parry Peninsula 

Laura Brin, Graham Pearson 

There has been considerable economic and academic interest in the mantle beneath the central 

Slave craton.  In contrast, significant portions of subcratonic lithospheric mantle (SCLM) underlying 

northern Canada have not been subjected to extensive petrological, geochemical, and 

geochronological study and yet could prove equally prospective for diamonds.  In particular, the 

northerly extent of deep cratonic lithosphere in Arctic Canada, especially of the Slave craton, is 

poorly constrained at this time.  Improved knowledge of the extent of cratonic mantle and its 

thermal history will have important implications for future diamond exploration in northern 

Canada.  This study focuses on characterizing the age and composition of lithospheric mantle 

beneath central Victoria Island, 500km to the North of the Slave craton, as well as beneath the 

Parry Peninsula, 700km NW of the western margin of the Slave craton. 

Here we present data from coarse-grained kimberlite-borne peridotite xenoliths recovered from 

drill cores of; 1) the Snowy Owl (SnO) kimberlite field (257 ± 3.0 Ma to 271.2 ± 2.6 Ma; U-Pb 

perovskite and Ar-Ar phlogopite ages, respectively [1,2]) in central Victoria Island, and 2) Darnley 

Bay (DB) kimberlites of the Parry Peninsula (261.2 ± 8.7 Ma, isochron age, internal report).  

At Darnley Bay, mineral chemistry for olivine (high MG#, low Ca-in-Ol), spinels (low Fe3+) and garnet 

(G9) identify a strong cratonic mantle-like depletion signature. Bulk rock chemistry is also consistent 

with a highly depleted mantle (low bulk Al2O3 contents).  These very depleted bulk compositions 

could be interpreted as reflecting a cratonic origin for this mantle lithosphere. Victoria Island 

peridotites are much more altered than those of DB but their generally low Al2O3 contents are also 

consistent with significant melt depletion.   

Coupled Re-Os isotope and platinum group element (PGE) analyses reveal the strong effect of a 

circa 2.0 Ga mantle event during the formation of mantle lithosphere at both locations.  In both 

suites of peridotites, those with the lowest Pt/Ir ratios have the oldest Re-depletion ages, as old as 

2.5 Ga. The majority of the samples from both localities have ~chondritic Pt/Ir coupled with 1.8 to 

2.1 Ga Re-depletion ages.  These samples have variable Pd depletions, consistent with their low Al 

bulk compositions and indicative that Re was probably quantitatively extracted from these samples.  

There are no apparent mixing trends on PGE-Os isotope plots that indicate the 2 Ga ages are the 

product of metasomatic mixing of radiogenic Os into older, Archean lithosphere.  Hence we suggest 

that the bulk of the deeper lithosphere beneath central Victoria Island and the Parry Peninsula 

stabilized in the Paleoproterozoic, between 1.8 and 2.1 Ga.  The lithosphere beneath central 

Victoria Island may be a north-easterly extension of lithospheric mantle stabilized during the 

Wopmay orogeny.  

1.) Heaman, L., Kjarsgaard, B.A., and Creaser, R., 2003, Lithos, 71, 153-184.  2.) Kolebaba, M., Read, 

G., Kahlert, B., and Kelsch, D., 2003, 8th Internat. Kimberlite Conf., 1.P8 



ATLAS Research Symposium 2014  14 

Carbonate-rich Polymineralic Inclusions in Megacrysts from Kimberlites – a Link to the Parent 

Magma? 

Yannick Bussweiler 

Kimberlites are known for their great depth of origin and their diverse mantle cargo. Apart from 

being the main carrier for diamonds, kimberlites also contain mantle xenoliths and a suite of 

large (up to 20 cm) discrete crystals, known as “megacrysts”. These megacrysts can contain 

polymineralic inclusions which were trapped at depth, i.e. at the base of the lithosphere, prior 

to extensive interaction between the kimberlite and the continental lithosphere. 

Here, megacrysts of clinopyroxene (cr-diopside) and garnet (pyrope) from the Slave Kimberlite 

Province and from South Africa are reported, that host relatively large polymineralic, 

carbonate-rich inclusions (up to 2 mm in diameter). To shed more light on the origin of the 

megacrysts and their inclusions SEM imaging, EPMA and LA-ICP-MS were performed. 

The megacrysts lie compositionally between the so-called Cr-rich megacryst suite and 

peridotitic (lherzolitic) minerals. Geothermobarometry indicates crystallization conditions of 

about 1200ºC and 60 kbar (ca. 200 km depth). The inclusions appear to be very abundant in 

both Cr-diopside and pyrope megacrysts (> 10 inclusions per sample are common) and occur in 

samples from multiple locations. In Cr-diopside megacrysts, the inclusion assemblage consists 

of phlogopite, carbonate, olivine, chromite and serpentine, and the inclusions are commonly 

surrounded by an alteration rim that indicates chemical interaction with the host. In pyrope 

megacrysts, such alteration rims are replaced by reaction rims (akin to kelyphite rims) and the 

inclusion assemblage additionally contains Cr-rich spinel and clinopyroxene. The mineral 

chemistry of the inclusion phases is chemically distinct from that of typical kimberlite phases. 

Calculated bulk compositions of the inclusions represent a trend from kimberlite-like (more Si-

rich) to carbonatite-like (more Ca-rich) melts. 

Further research will show if these kimberlitic to carbonatitic melts should be interpreted as 1) 

a protokimberlitic fluid, i.e. a precursor to the kimberlite melt, 2) the megacryst magma 

responsible for the crystallization of the large discrete crystals, or 3) a metasomatizing fluid that 

could also be linked to the formation of fibrous diamonds. A more detailed study of the trace 

element and isotopic composition of these inclusions is planned to pinpoint their origin and 

evaluate the implications for mantle metasomatism, megacryst and diamond crystallization and 

kimberlite formation. 
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Observational and experimental results for Tissint magma formation: The story thus far 

Nicholas Castle, Christopher Herd 

Short Version 

Tissint Shergottite/Fugacity and Petrology/Open System Control 

Abstract 

Tissint is a recent Martian meteorite fall, one of only five ever observed, providing a fresh look 

at part of Mars’ igneous history. As an olivine-phyric shergottite with an intermediate Fe/Mg 

ratio and a near-liquidus composition, Tissint promises to provide new insights into olivine-

phyric shergottites and their relationship to other Martian meteorites. The oxygen fugacity 

(ƒO2) of the magma has been calculated using two geothermometer/oxybarometers, one based 

on olivine-spinel-pyroxene (Ol-Sp-Px) equilibrium, the other based on titanomagnetite-ilmenite 

(Tmt-Ilm) equilibrium. The early-formed Ol-Sp-Px assemblage yielded an ƒO2 of QFM-3.6±0.1 

(n=36), while the late formed Tmt-Ilm yielded QFM-1.35±0.01 (n=11), showing that the system 

was not buffered. A calibrated petrologic model is required in order to calculate whether the 

magma evolved as a closed system (auto-oxidation) or if an external control is required (open 

system oxidation). 

Petrologic experiments were run on the Tissint parental composition and compared to MELTS 

model results to determine if MELTS is a viable model for Tissint. The Tissint parental 

composition was calculated from the Tissint bulk composition subtracting 5 wt% olivine to 

account for crystal accumulation. Experimental results from constant ƒ02 equilibrium 

experiments yielded similar results to MELTS model outputs, both in crystallization curves and 

compositions, with some overestimation of temperature in the MELTS model. 

The MELTS prediction for closed system evolution starting between QFM-3 and QFM-4 is 1.1 to 

1.6 log units of oxidation, significantly smaller than the 2.3 log units of oxidation observed in 

Tissint, even accounting for a potential ±0.5 log unit correction between the two 

oxybarometers. The greater than closed system model oxidation demonstrates that Tissint 

must have experienced an open system oxidation event, although the nature of this event is 

open for speculation. 
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Everyday Wild: How do preserved natural areas in the City of Edmonton contribute to health 

and wellbeing? 

Alison Cheesbrough; Supervisors: Theresa Garvin, PhD Human Geography; Candace Nykiforuk, 

PhD School of Public Health 

Cities are increasingly home to the majority of the world’s population. Canada itself is more 

than 80% urbanized and creating healthy and vibrant cities is an ongoing goal of urban planners 

and others interested in the overall health of populations. The health and wellbeing effects of 

including parks and other nature within cities have long been recognized and research shows 

that contact with nature can have a variety of benefits from promoting better mental health, 

and increasing physical activity, to encouraging social ties. Research into wilderness experiences 

show restorative mental effects, and experiences described as transcendent or inspirational. 

Woodlands promote feelings of peace and being at home and are valued for qualities of 

grandeur, timelessness, and as a space apart. Wilderness experiences, however, are only 

available to those with the resources and inclination to visit these areas, while natural area 

parks—spaces with many qualities of wilder areas—have wider availability to the general 

population of cities. Whether natural area parks within city landscapes can provide similar 

benefits—especially those related to feelings of peace, inspiration, or spiritual connection—to 

their wilder counterparts is not well documented. In addition, Edmonton is a winter city and 

research into the benefits of these spaces during the winter has been largely ignored. This 

project seeks to fill this gap. 

This study concentrates on the experience of those who have these wilder spaces close and 

easily accessible to their home—essentially as their neighbourhood park. Five natural area 

parks throughout Edmonton were chosen as study sites: two in the river valley, one 

ravine/creek area, one wetland, and one remnant forest. Photovoice interviews were 

conducted with 33 participants ranging in age from 29 to 87 that live in neighbourhoods 

adjoining the parks, 18 in the summer and 15 in the winter. Some preliminary findings include 

that these spaces are intensely valued for their ability to give people the feeling that they are 

away from the city in the middle of the city. This sense of being away gives people space to 

think, connect with themselves, and return refreshed to their lives. Not only do the parks help 

create connections to surrounding neighbourhoods, but there is a sense of communities being 

created within them that include not only human interaction with other park users, but 

connections to birds, animals, and trees. Many people felt a deep intimacy with the space over 

time. 
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Further Re-Os arsenopyrite geochronology from selected Meguma Au deposits, Meguma 

terrane, Nova Scotia: Possible evidence for a protracted gold-forming system   

L. Chen, R. A. Creaser, D. J. Kontak 

The Meguma terrane is dominated by two rock types, regionally deformed and metamorphosed 

Cambro-Ordovician metasedimentary rocks and ca. 380-370 Ma meta- to peraluminous 

granites. The metasedimentary rocks contain numerous orogenic-type, vein-hosted gold 

deposits which occur throughout the sandstone-dominated Goldenville Group rather than the 

overlying siltstone- and mudrock-dominated Halifax Group. These mineralized veins are 

dominated by quartz-carbonate-sulfide assemblages and occupy structures consistent with 

emplacement during late-stage fold tightening of the regional, northeast-trending, upright folds 

that formed during the Neoacadian orogenic event at ca. 410-385 Ma. Our previous work 

suggests vein formation, hence gold emplacement, spanned 30-40 Ma, as constrained from 

field observations and radiometric dating. The former indicates veins post-date cleavage 

formation given that cleaved wall-rock fragments occur in some veins, and that rarely; veins 

post-date hornfels related to 380 Ma granites. Existing absolute age dating indicates two events 

at 408 Ma (Re-Os aspy, 40Ar/39Ar whole rock) and 380-362 Ma (Re-Os aspy; 40Ar/39Ar amph, 

musc, biot, whole rock). Here we report new Re-Os geochronological data generated from 

arsenopyrite in gold-rich veins for two of three deposits sampled, all of which lie in the same 

stratigraphic-structural position in the lower part of the Goldenville Group and along the 

northeast-trending Moose River-Beaver Dam-Fifteen Mile Stream anticline. The Re-Os analysis 

of arsenopyrite from the Beaver Dam deposit, which is dominated by bedding-concordant type 

veins, yielded an age of ca. 461Ma. In contrast, Re-Os analysis of vein-hosted arsenopyrite from 

the Touquoy deposit of the Moose River gold district, where mineralization occurs in a vein-

poor sequence of carbonate-rich metasiltstone rocks, yielded two imprecise ages of ~375 Ma 

and ~440 Ma; further analyses are in progress for this deposit. The new data may indicate that 

in the Cambro-Ordovician metasedimentary rocks of the Meguma terrane there possibly exists 

more than two periods of gold mineralization, one of which occurred before the Neoacadian 

deformation and metamorphism of the host rocks. 
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Reworking of lithospheric mantle beneath the sask craton, Canada: Re-Os and platinum group 

element systematics   

J. Czas 

Mantle xenoliths from the Fort à la Corne (FALC) kimberlite pipes present a unique opportunity 

to study the lithospheric mantle beneath the Sask Craton. Archean (3.2 – 2. 4 Ga) crustal ages 

have previously been reported for the craton (Sm-Nd crust formation ages, Collerson et al., 

1990; U-Pb in zircons, Davis et al., 1998). Dating the age of the deep mantle beneath this newly 

recognized craton allows us to establish whether or not it is underpinned by an Archean mantle 

keel or lithosphere of a different age. This, in turn, will enable us to evaluate how the craton 

was constructed, along with its subsequent evolution, including the influence of reworking 

during the Trans-Hudson Orogeny (THO; 1.91 – 1.79), representing the collision of the Superior 

and the Hearne-Rae provinces. 

Re - Os isotope systematics and platinum group element (PGE) concentrations have been 

obtained for olivine separates in peridotitic mantle xenoliths (n=19) from two pipes (Orion 

South and Star) of the FALC kimberlite field. The Re–Os isotopic data yields TRD model ages 

ranging from 0.3 to 2.3 Ga that provide minimum estimates for the timing of melt depletion. 

The ratios of Iridium-Group PGEs (I-PGEs - compatible even during large extents of melting) and 

Platinum-Group PGEs (P-PGEs – incompatible during extensive mantle melting) can be used as 

tracers of degree of melting and, in concert with Os isotopes, define distinctive trends for 

melting versus metasomatism. Systematically varying (Pd/Ir)n ratios at relatively constant 
187Os/188Os, together with the clustering of the majority of the Os isotopes around ~0.115 

suggests that the main mass of lithosphere was generated by melting during a Paleoproterozoic 

(~1.9 Ga) depletion event. Hence, most of the underlying lithospheric mantle root is younger in 

age than the Archean crust. Chondrite normalized Pd - Ir ratios in younger samples (<1.1 Ga) 

show evidence of post 1.9 Ga metasomatic disturbances, such as mixing with kimberlite 

magma. We link the generation of the bulk of the deep, diamond-containing lithosphere 

beneath the Sask craton to processes related to the THO. 
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Hyperspectral remote sensing of boreal forest tree diversity at multiple scales 

E.R. DeLancey 

Biodiversity is an important factor in maintaining ecosystem function and resilience. Human 

development associated with resource extraction is threatening the diversity of the boreal 

forests.  Thus, monitoring the diversity of boreal forests should be a high priority.  

Hyperspectral remote sensing technology provides a new method to survey forest diversity.  

Remote sensing provides benefits over fieldwork due to the area that can be covered and the 

unbiased nature of the data. 

This project uses the variance in spectral information and correlates this to species diversity.  

This was done at the airborne (1m pixel), field (10cm pixel), leaf level scale (0.6mm pixel).  

Airborne data was collected with an airborne imaging spectrometer over the forests of the 

North Saskatchewan River Valley and field and leaf data was collected with a full range field 

spectrometer on the sixth floor roof of the biological sciences building. 

 All data used showed that the standard deviation and range in vegetation indices (NDVI, WBI, 

SIPI, etc.), principal component analysis bands, and slope of reflectance (called spectral 

variables) significantly correlated to species diversity.  When these spectral variables were 

combined in linear models (called optical diversity indices (ODIs)), the strongest correlations 

with species diversity were achieved.  Airborne data showed that a combination of NDVIsd, 

principal component 1sd (PC1), and PC2sd strongly correlated (R2 = 0.86, p<0.01) to the species 

richness of 900m2 tree plots in the North Saskatchewan River Valley.  Field data showed that a 

combination of NDVIsd, SIPIsd, WBIsd and PC3sd, 525nmsloperange strongly correlated (R2 = 0.90, 

p<0.01) to the log of Simpson Index of 5x5 tree plots on the roof of the Biological Sciences 

building. 

By using experimental methods on synthetic tree plots I hoped to explore the factors 

controlling the relationship between spectral variation and species diversity.  These 

experiments found the correlation was primarily driven by inter-species variation in leaf level 

reflectance and secondarily by inter-species variation in canopy structure.  It was also found 

that rough canopy surface lead to an increase in spectral variance.  Additionally it was found 

that the majority of spectral information for distinguishing species is found in the visible and 

near infra-red regions but some information is also contained in the short wave infra-red 

region. 

Using optical diversity in the form of optical diversity indices represent a promising method for 

biodiversity monitoring.  Much more testing across ecosystems is needed along with 

experimental test.  If this is done the remote sensing of biodiversity could be very useful for 

conservation groups around the world 
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The High Arctic Large Igneous Province (HALIP): A study in geochemistry and variations in 

lithospheric thickness 

D.M. Dockman 

The High Arctic Large Igneous Province (HALIP) is a remote and understudied magmatic 

province centred on the Queen Elizabeth Islands that extends to Svalbard (Norway), northern 

Greenland, and Franz Josef Land (Russia). Magma generated during Late Cretaceous rifting, 

which separated these once adjacent islands, is manifested as dykes, sills, and lava flows. Due 

to complicated logistics and short field seasons in the high arctic, relatively little research has 

been done on the HALIP compared to other, more accessible, large igneous provinces around 

the world. Current geological maps of arctic Canada seriously underrepresent the amount of 

magma that exists in the north, mapping only the sediments and leaving the high volume of 

magma as a footnote.   

All the samples collected for this study are from dykes and sills on the margin of the Mesozoic 

Sverdrup Basin on Ellesmere and Axel Heiberg Islands. Preliminary geochemical results show a 

basaltic to mildly alkalic composition. This study will use the rare earth element (REE) chemistry 

of the magmas as a proxy for the depth of magma generation during Late Cretaceous 

extension. The depth at which the magma formed gives a snapshot of how thick the lithosphere 

was at the time of magma emplacement. Using an existing REE inversion model on related 

nephelinites from Bathurst Island as another depth marker, a cross-section of Cretaceous 

lithospheric thickness can be created from the thick cratonic lithosphere of mainland arctic 

Canada to the thin, extended Sverdrup Basin on the northern tip of Nunavut.  
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Detrital zircon geochronology of the Fredericton Trough, New Brunswick: Evidence for 

Silurian closure of an Iapetus remnant  

R.J. Dokken, J.W.F. Waldron, S.A. DuFrane 

The Fredericton Trough cover succession, in the Appalachians of southwestern New Brunswick, 

consists of the Silurian Kingsclear Group, and is situated between the Ganderian St. Croix and 

Miramichi terranes, which represent crust rifted from Amazonia on the margin of the Iapetus 

Ocean. South of the northeast trending Fredericton Fault, which bisects the trough, the 

Kingsclear Group unconformably overlies the Kendall Mountain Formation of the St. Croix 

terrane, interpreted to have been deposited on the Ganderian passive margin of the 

Tetagouche-Exploits backarc basin. To the north of the Fredericton Fault, the Kingsclear Group 

is in faulted contact with rocks of the Miramichi terrane, including the Brunswick subduction 

complex. The Fredericton Trough has thus been interpreted to represent a marine foredeep 

formed during Salinic orogenesis, filling as the Tetagouche-Exploits seaway closed to bring 

together northern and southern components of Ganderia. Detrital zircon samples were 

collected from known fossil localities, where possible, in four formations of the Kingsclear 

Group for U-Pb dating by LA-MC-ICP-MS. South of the Fredericton Fault, detrital zircon 

populations in the early Llandovery Digdeguash Formation include a prominent statistical peak 

in the late Neoproterozoic (ca. 620 Ma) – typical of peri-Gondwanan detritus – with a minor 

peak in the Cambrian (ca. 500 Ma), and a small proportion of zircons in the 1.0 to 1.9 Ga range. 

The overlying late Llandovery to Wenlock Flume Ridge Formation shows a significant Ordovician 

population (ca. 465 Ma), and an asymmetric peak at 1.0 Ga with a tail of older Proterozoic 

zircons, characteristic of Laurentian input. North of the Fredericton fault, the early Llandovery 

Hayes Brook Formation shows a dominant peak in the Ordovician (ca. 465 Ma), and a peak at 

1.0 Ga with a range of Proterozoic zircons (ca. 1.0 to 1.8 Ga), similarly consistent with 

Laurentian provenance. The Burtts Corner Formation, of Wenlock to Ludlow age, has a mixed 

signature including peaks in the Paleozoic (ca. 480 Ma), Neoproterozoic (ca. 660 Ma), and in the 

Proterozoic (ca. 1.0 to 2.2 Ga), suggesting that later input from an uplifted Miramichi terrane 

added material to the Laurentian sources. Contrasting detrital zircon signatures between 

approximately synchronous formations suggest a significant role for the Fredericton Fault. To 

the south of the fault, where the Kingsclear Group sits unconformably upon rocks of the 

Ganderian St. Croix terrane, Laurentian detritus is not observed until at least the late 

Llandovery, indicating that a remnant of the Iapetus Ocean separated Laurentia from southern 

components of Ganderia until this time. 
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The ecology, neoichnology and sedimentology of siliciclastic hard ground communities: 

Implications for Trypanites assemblages in the rock record 

C.M. Furlong, M.K. Gingras and J.P. Zonneveld 

The paleoecology of rocky substrates in the rock record are commonly interpreted based on 

ichnology and are frequently associated with a biotic community (the Trypanites ichnofacies) 

with low diversity. However, analyses of two modern, siliclastic, intertidal hardground 

community at Lion Rock, located at Arcadia Beach State Park, Oregon, and Thomas Cove at 

Upper Economy, Nova Scotia (Bay of Fundy), reveal diverse communities of boring, encrusting 

and squatting/clinging organisms. Through observations and descriptions of organism 

distribution and abundance, up to 45 species of flora and fauna are reported to inhabit the 

study areas. At Lion Rock, organisms reside within five littoral zones (supra-, upper-, middle-, 

lower littoral zone and a newly established sublittoral zones) on the sea stack. Borings are 

produced by Adula californiensis, Hiatella arctica, Penitella penita, and Zirfaea pilsbryi and are 

identified as Gastrochaenolites-type traces. Similarly, at Thomas Cove, organisms inhabit eleven 

depositional sub-environments and borings are formed by Petricola pholadiformis and Zirfaea 

pilsbryi, and are also identified as Gastrochaenolites-type traces. Within the two studied 

localities, substrate, sediment type and thickness, water presence during low tide and water 

velocity control boring location and abundance. It is likely that ancient Trypanites communities 

had considerably higher diversity and faunal abundance than their ichnological record indicates. 

Comparisons with modern assemblages are thus crucial in assessing these environments in 

ancient successions. 
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Pathways and variability of melt from the Greenland Ice Sheet into the Atlantic Ocean over 

1960 to 2000 

Laura C. Gillard and Paul G. Myers 

As melting and freshwater discharge from the Greenland Ice Sheet has been increasing with 

time, one question is where the low salinity melt water will go and thus how and where it will 

be taken up in the Atlantic Ocean. We will examine this question with using the output from a 

series of ocean general circulation models and ranging in resolution from 1/4 degrees to 1/12 

degree. Freshwater pathways will be tracked using the Ariane Lagrangian flow package to look 

at probabilities of freshwater from given glaciers reaching given parts of the Atlantic Ocean. As 

well we will compare how the pathways have changed through the 4 decades of  1960 to 

2000.We also hope to present results from the same models using a reverse trajectory analysis 

to examine the sources of the warm Irminger Water that reaches the fjords of Greenland and 

it’s evolution over the entire timeseries. 
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Introduction to paleomagnetic dating 

D. Hnatyshin, V. A. Kravchinsky 

Paleomagnetism is the study of how the Earth’s magnetic field is recorded in ancient materials 

such as rocks and sediments. Since magnetic minerals (e.g. magnetite, hematite) are almost 

ubiquitous in rocks and sediments, paleomagnetic studies can be applied to a wide range of 

substances. These magnetic grains will attempt to align themselves with the local magnetic field 

until they become locked into place. This is known as remnant magnetization, and can be 

described by its inclination, declination, and intensity, or by the related values of paleolatitude 

and paleolongitude which define a paleopole. When a sequence of paleopoles is well defined in 

age they can be plotted together in order to produce what is known as an apparent polar 

wander path (APWP). This path is constructed using known paleopoles for a stable continental 

block, and represents the apparent wander of paleopoles through time for that continent. 

Ultimately this can be used as a reference for other paleopoles gathered for that continental 

block. For paleomagnetic dating the APWP is used to date the pole obtained from rocks or 

sediments of undefined age by linking the paleopole to the nearest point on the APWP. Due to 

the somewhat understudied nature of this dating method I will be going through how a 

paleomagnetic age is determined, when it can be used, complications that may arise, and the 

pros and cons of using this method to date geologic objects. 
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Shallow hydrogeological and hydrochemical characterization of the Aquistore CO2 

sequestration site in Estevan, Saskatchewan 

Gabrielle Klappstein, Ben Rostron 

Carbon dioxide sequestration refers to the process of capturing CO2 before it is released into 

the atmosphere and storing it in a suitable media, typically geological formations deep in the 

subsurface. Aquistore is Canada’s first dedicated CO2 storage project, with the purpose of post-

combustion capture of CO2 from a coal-fired electrical generating station in southeast 

Saskatchewan. The storage site is located in the Williston Basin, and the target injection zones 

consist of deep saline aquifers within the basal Cambro-Ordovician succession at depths of 3.2 - 

3.4 km. 

An essential component of Aquistore’s measurement, monitoring, and verification (MMV) 

program is the characterization of shallow hydrogeology as part of a monitoring strategy to 

trace the migration of CO2 injected into deep brine formations. Although the site’s geological 

storage security has been rigorously investigated, there remains a risk of CO2 leaking into 

shallow groundwater via unanticipated permeable conduits. Therefore, it is critical to 

demonstrate that geologically sequestered CO2 has not leaked into overlying shallow aquifers 

and altered the quality of groundwater resources. Baseline data provide a framework in which 

hydrogeological changes, and thus CO2 intrusion, can be assessed.  

In order to establish the baseline hydrochemistry of the Aquistore site, samples were collected 

from a network of groundwater wells. Several existing monitoring and domestic wells were 

included in the network, and an additional twenty piezometers were installed specifically for 

the Aquistore project. These piezometers were located at the CO2 injection well site and 

surrounding area in order to cover a 3-km radius of the site. Two major monitoring events were 

completed for the baseline survey, one in the Spring, and one in the Fall of 2013. A total of 40 

wells were monitored and sampled, with field measurements including water level depths, pH, 

conductivity, and temperature. Samples were collected and submitted for laboratory analyses 

of a suite of chemical parameters including major and minor elements and compounds, 

dissolved organic (DOC) and inorganic carbon (DIC), and stable isotopes. This presentation will 

provide an overview of water chemistry results along with details of the shallow groundwater 

monitoring program. 
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Variability in diamond population characteristics across the size range 0.2 – 2.4 mm – A case 

study based on diamonds from Misery (Ekati mine) 

M.Y. Krebs,1, D.G. Pearson, 1, T. Stachel 1, R.A. Stern 1, T. Nowicki 2, and S. Cairns,3 

(1) Department of Earth and Atmospheric Sciences, University of Alberta, Edmonton, AB 
(2) Mineral Services Canada, Vancouver, BC 
(3) Northwest Territories Geoscience Office, Yellowknife, NT 
 

In diamond exploration size frequency distributions are widely used for predicting the macro-

diamond grade of new kimberlite discoveries. The purpose of this study is to investigate the 

relationship between the different diamond size fractions extracted from a single caustic fusion 

sample used for grade evaluation of the Misery kimberlite; this will allow us to assess the validity of 

this approach. 

Of an initial representative suite of 1627 diamonds, ranging in size from 0.075 to 2.38 mm, 558 

diamonds were sub-sampled (ranging in size from 0.212 to 2.38 mm) and analyzed for their 

nitrogen characteristics using FTIR spectroscopy. Of this sub-suite, a random sample of ~ 50% was 

taken for determination of carbon isotope (δ13C) systematics by secondary ion mass spectrometry 

(SIMS).  

The acquired nitrogen data are very variable, ranging in concentration from below the limit of 

detection (< 5-10 at.ppm; Type II) to over 2500 at.ppm with a median abundance of ~ 845 at.ppm (n 

= 498). Preliminary analysis shows a slight decrease in median N abundance with increasing size 

fraction. While the diamonds of sieve classes < 0.85 mm show median values between 830 and 880 

at.ppm the coarser diamonds have a median of 690 at.ppm.  

The interrelationship between N abundance and aggregation state allows the calculation of time 

averaged mantle residence temperatures (TN) based on an assumed residence time (3 Ga). Misery 

diamonds show two distinct subpopulations in TN, one ≤ 1125 °C and a second ≥ 1175 °C. Projected 

on a central Slave geotherm, the two temperature groups correspond to diamonds coming from 

depth less than about 160 km and greater than about 170 km, respectively. This bimodal 

distribution, including the gap between the two subpopulations, is visible in all size fractions. The 

relative proportion of ‘shallow’ to ‘deep’ diamonds, however, decreases with sieve size (with the 

fraction < 0.3 mm showing a particularly low ratio ‘deep’/’shallow’). 

Carbon isotopic (δ13C) characteristics have been determined for 260 diamonds (638 spots analyzed). 

Our results show that > 95% of the data have δ13C values in the range between - 8 to - 2‰ with a 

symmetrical distribution and a median of −4.3‰. Distinct subpopulations exist within the interval, 

but no discernible differences between the individual size fractions are immediately apparent.  

Overall the results show no geochemical evidence that different size classes represent different 

populations and thus suggest a strong genetic relationship between diamonds of different size 

fractions. 
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Dolomite recrysallization along the Rimbey-Meadowbrook reef trend, Western Canada 

Sedimentary Basin, Alberta, Canada  

S. Kuflevskiy, H.G. Machel, N. Harris 

The Upper Devonian Cooking Lake and Leduc Formations of the Rimbey–Meadowbrook reef trend 

located in Central Alberta, Canada have been extensively dolomitized. The origin of these 

dolomites, the source of dolomitizing fluids, and the mechanisms responsible for transporting and 

moving these fluids, as well as the degree of recrystallization remain uncertain. Three theoretical 

alternatives of what can happen to dolomite when it starts recrystallizing (steady recrystallization, 

stepwise recrystallization or no visible signs of recrystallization) were considered in this study. Grey 

matrix replacement dolomite of the Cooking Lake and Leduc formations was chosen to test these 

theories as the most abundant type of dolomite along the whole trend with the best 

thermodynamic drive. 

Four textural types of matrix dolomite, R1, R2, R3 and R4, were distinguished based on crystal size 

distribution and crystal geometry. The petrographic examination showed that matrix R2 and R3 

dolomites might have undergone a ‘significant’ textural recrystallization. Geochemical results, 

however, did not exhibit any significant influence of recrystallization. Therefore, most matrix 

dolomites of the Cooking Lake and Leduc Formations can be considered at least ‘insignificantly 

recrystallized’. 

The stabilization from initial dolomite to stoichiometric dolomite in the reef trend likely resulted 

from a single early recrystallization and not through stepwise recrystallization proposed by Land 

(1980), since three different textures of matrix dolomite in the Cooking Lake and Leduc Formations 

show a similar range of geochemical signatures (CaCO3 concentrations, major and trace element 

concentrations, and carbon, oxygen and radiogenic isotope values). 

Fine crystalline matrix dolomite R1 is interpreted as the 'least-altered' dolomite phase that is 

geochemically and petrographically the closest to the initial replacive dolomite. The fluids 

responsible for initial dolomitization and early recrystallization of this dolomite are suggested to be 

normal to near-normal marine waters. Early recrystallization likely occurred during Late Devonian to 

Early Carboniferous. 

Medium crystalline matrix dolomite R2 and coarsely crystalline porous R3 are interpreted to have 

formed by further alteration of a microcrystalline R1 precursor at deeper burial and/or by warmer 

fluids (up to 105 oC). Such fluids might have entered the reef trend in the southwestern deep 

region, as revealed by high Mn concentrations within matrix dolomites R3, R2 and R1 in the deeper 

end. The concentrations of Mn are significantly lower in the northeastern region suggesting that the 

direction of the fluid flow might have been northward.  

The assumption of no recrystallization in the study area made in the previous studies was 

considered incorrect due to the signs of at least ‘insignificant’ recrystallization in the reef trend. 
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Transitions around smoking:  The experiences of Chinese migrants to Edmonton 

Jia Li  

This research concentrates on how migrants experience the transition from a middle-income 

country where smoking remains socially acceptable and relatively unregulated, to a high-

income country where it is de-normalized and subject to widespread spatial restrictions. It 

focuses on Chinese immigrant community in Edmonton, Alberta, Canada.      

Generally, people in Canada are unable to smoke in most indoor and some outdoor public 

spaces; while in China smoking is still allowed in a large range of indoor public places and is 

almost completely unregulated outdoors. Chinese immigrants to Edmonton, a city with 

stringent smoking bans and low tolerance for public smoking, will experience these transitions 

in both regulatory and social environments around smoking.      

For this research, data collection involved eight focus groups, with 57 total participants. 

Questions focused on participants’ experiences on smoke-free places and social norms around 

smoking in China and Canada. Participants’ responses were transcribed then analyzed using a 

thematic approach. Demographic data was also collected to examine its impacts on people’s 

experiences.  

Main results from analysis of focus group data included: (1) Social norms around smoking, 

especially taking cigarettes as gifts in everyday life, were considered responsible for the high 

prevalence of smoking in China; (2) Despite migrating to Canada, smoking participants reported 

high loyalty to Chinese brands; (3) Stringent spatial regulations in Canada not only protect non-

smokers from exposure to smoke, but also work as powerful pressure for smokers to smoke 

less; (4) Smoke-free public indoor environments in Canada not only restrict where smoking and 

exposure to smoke occur spatially, but also encourage mutual respect between smokers and 

non-smokers.  
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Deciphering the impact of sea-level changes and tectonic movement on erosional sequence 

boundaries in carbonate successions: A case study from Tertiary strata on Grand Cayman and 

Cayman Brac, British West Indies 

Ting Liang, Brian Jones 

The stratigraphic architecture of carbonate successions that develop on geographically isolated 

islands reflects the balance between sea-level highstands, lowstands, and tectonic activity.  This 

is readily apparent in the Tertiary carbonate sequences on the Cayman Islands that are formed 

of the Bluff Group, which includes the Brac Formation (Lower Oligocene), Cayman Formation 

(Middle Miocene), and Pedro Castle Formation (Middle Pliocene).  These strata are overlain by 

the Pleistocene Ironshore Formation.  The unconformities that define the boundaries between 

these formations are variable because some developed during one cycle of past erosion, others 

developed through two or more past erosional cycles, and some are still developing today.  

Some unconformities, like the one at the top of the Cayman Formation, are geographically 

variable because they underwent different developmental histories in different areas.  The 

challenge with architectural complex successions, like those on the Cayman Islands, is that of 

deciphering the impact of sea-level changes as opposed to tectonic influences. 

During sea-level lowstands, the older carbonate successions were exposed on land and 

modified by surface and subsurface karst development.  At the same time, marine erosional 

processes affected the coastal areas.  Surface karst modification, which commonly produced 

rugged topographies with erosional relief at least 62 m, was controlled largely by rainfall, 

runoff, and stratal dip.  Weathering on Grand Cayman at the end of the Miocene, for example, 

produced a dish-shaped topography with elevated peripheral rims.  In contrast, uplift of the 

east end of Cayman Brac between the Late Pliocene (3.6 Ma) and ~400 ka, elevated the basal 

part of the Cayman Formation 33 m above sea level.  Subsequent karst development, which is 

still ongoing today, removed most of the Cayman Formation on the eastern part of the island 

and produced peripheral rims that are higher than those on Grand Cayman.  During some 

lowstands, like that between the Late Pliocene and ~400 ka, coeval coastal erosion led to the 

development of coastal benches that cut into the older carbonate strata.  The combination of 

karst development in the islands’ interiors and coastal erosion produced complex, rugged 

topographies that strongly influenced patterns of deposition during the following highstand.  

The complex stratigraphic architecture of the carbonate successions on the Cayman Islands 

reflects the variable impact of tectonics, karst development, and coastal erosion that was 

associated with each lowstand-highstand cycle.  
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Geochronology, geochemistry, and fluid inclusion study of the Newton epithermal gold 

deposit, British Columbia 

L. Liu, J. P. Richards, J. Huebert, B. Abbassi, B. Lee, M. J. Unsworth, LZ. Cheng 

Newton is an epithermal gold deposit located 105 km southwest of Williams Lake, British 

Colombia. Disseminated Au mineralization is mainly associated with quartz-sericite alteration, 

in which gold is mostly present as electrum and gold-silver telluride inclusions in sulfides. The 

mineralization can be divided into 3 stages: (1) quartz-sericite-pyrite-gold; (2) quartz-sericite-

marcasite-gold-base metal-sulfide; and (3) polymetallic veins (pyrite-chalcopyrite-sphalerite-

galena-arsenopyrite). Re-Os dating of molybdenite from stage 1 yielded an age of 72.1 ± 0.3 Ma 

(McClenaghan, 2013). The mineralization is mainly hosted by Late Cretaceous felsic volcanic 

rocks, granodiorite porphyry, and quartz-feldspar porphyry, which yielded U-Pb ages of 72.1 ± 

0.6 Ma (Amarc Resources Ltd., unpublished data), 72.1 ± 0.48 Ma (new data), 70.9 ± 0.5 Ma 

(Amarc Resources Ltd., unpublished data), respectively. These mineralized rocks are intruded by 

a barren diorite, which yielded a U-Pb age of 69.07 ± 0.52 Ma. 

The narrow age range for all the volcanic and intrusive rocks (~3 m.y.) and their major and trace 

element compositions suggest that they constitute a comagmatic volcanoplutonic complex. All 

the rocks are enriched in incompatible large-ion lithophile elements, and depleted in Nb, Ta, Ti, 

and P. These igneous rocks are interpreted to be part of a major Late Cretaceous suite of 

continental-arc magmatism in central British Columbia. 

A series of magmatic events in central British Columbia records the tectonic evolution from an 

island arc during the Late Triassic–Early Jurassic to an Andean-type continental margin 

magmatic arc which started in the Middle Jurassic and continued to the Eocene. A major phase 

of arc volcanism and plutonism occurred during the Late Cretaceous, and is associated with 

several large porphyry deposits in British Columbia, such as Prosperity (79 Ma; Cooke and 

Hollings, 2005). 

Fluid inclusions were found in mineralized quartz veins hosted by quartz-sericite-altered felsic 

volcanic rocks and quartz-feldspar porphyry. The fluid inclusion data indicate that a relatively 

hot and saline fluid (average Th = 294 ± 2°C, 5.16 ± 0.2 % NaCl equiv., n = 18) of probable 

magmatic origin was dominantly responsible for the first stage of mineralization. Cooler and 

less saline fluids were also present in the veins, which may represent groundwaters that locally 

mixed with the magmatic fluids. Some evidence for boiling was also observed in the veins, 

although the veins do not host significant amounts of gold. It is thought that fluid-wall rock 

reactions and cooling were the main controls on gold precipitation in the quartz-sericite altered 

wallrocks. 
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Can widespread euxinic conditions still be considered a prerequisite for sedimentary 

exhalative mineralization in the Selwyn Basin? 

1Magnall J. M., 1Gleeson, S. A., 2Poulton, S., and 3Paradis, S. 
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Euxinic conditions have previously been considered a fundamental component of the genetic 

model for sedimentary-exhalative (SEDEX) mineralization in the Selwyn Basin. It has been 

proposed co-precipitation of base metal sulfides and barite in a stratified water column has 

resulted in Pb-Zn-Ba enrichment during episodes of mudstone deposition in the Cambrian, 

Silurian and Late Devonian. Here, we present results from a geochemical study of the Late 

Devonian mudstones that host the SEDEX deposits (Tom, Jason) at Macmillan Pass (YT). Bulk 

analysis of major, minor and trace elements are reported from samples (n = 38) from two drill-

holes proximal and  distal to the hydrothermal vent. These mudstones are located above and 

below the mineralized intersection in the stratigraphy, and offer the opportunity to assess the 

ambient conditions in the basin leading up to, and following, hydrothermal activity.  

Major element chemistry (Fe/Ti vs Al/(Al+Fe+Mn)) suggests minimal hydrothermal alteration, 

and indicates the high SiO2 content (70-80%) may have a non-hydrothermal origin. Iron 

speciation data from the distal hole (Fepy/FeHR ratios mostly <0.8) indicates ambient conditions 

in the basin were dominantly anoxic and ferruginous implying low concentrations of water 

column sulfate. A correlation between radiolarian-bearing mudstone beds and mineralization is 

recognized, and significantly, localized barium enrichments in individual radiolarian tests 

provide an important record of a biogenic input to the system, one that may have contributed 

both barium and silica. A stagnant euxinic basin therefore seems unlikely, and redox conditions 

in the basin were more likely governed by the interplay of fluxes of sulphur (riverine, 

hydrothermal), organic carbon (productivity) and reactive iron (hydrothermal, detrital). We 

suggest a model whereby the hydrothermal activity occurs in an oxygen minimum zone on a 

productive continental margin, as opposed to a restricted euxinic basin. This has important 

implications for exploration strategies for this sub-class of sediment-hosted base metal deposit; 

we would argue that future exploration should focus on detailed regional mapping, and target 

continental margin sediments in highly productive regions.   
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50,000 years of paleoenvironmental change from central Yukon permafrost 

Matt Mahony, Duane Froese, Trevor Porter, Joel Pumple, Fabrice Calmels 

Widespread syngenetic permafrost in the Klondike area, central Yukon, provides a remarkable 

proxy record of paleoenvironmental change since the Late Pleistocene with sporadic records 

extending into the Middle Pleistocene. Here, we present a composite record of δD, δ18O and d-

excess spanning the last 50,000 calendar years BP from syngenetic ground ice in the Klondike. 

Meteoric waters are combined with cryostratigraphy and paleoecological indicators to offer a 

rich multi-proxy perspective on paleoenvironmental change in eastern Beringia. The record is 

constrained by 32 AMS 14C dates and over 100 co-isotope measurements that exhibited 

consistent trends between eight separate sites. A negative ‘cooling’ trend (Δδ18O = -5.6‰) is 

observed during the MIS 3 to MIS 2 transition, with the most depleted values during the LGM 

(ca. 24,000 cal. yrs BP). A sharp ‘warming’ trend (Δδ18O = +8.3‰) from ca. 17,000 to 11,000 cal. 

yrs BP marks the transition from late glacial conditions to Early Holocene peak warmth. A 

cooling trend (Δδ18O = -1.9‰) characterises the remainder of the Holocene. Deuterium excess 

values show no clear trends for most of the record except a +10‰ anomaly from the long-term 

mean from 28,500 to 22,000 cal. yrs BP. This behaviour may be due to lower relative humidity 

at the moisture source (i.e., North Pacific) or a shift in precipitation seasonality with a bias 

towards winter precipitation, either due to reduced warm season precipitation or increased 

winter precipitation, or a combination. Plant macrofossils indicate a shift to grasslands during 

this interval, implying a drier summer climate, which would reinforce the d-excess anomaly. 

This Klondike permafrost record clearly establishes the value of developing similar permafrost 

isotope records in other periglacial regions. 
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Timing of source rock deposition in the Georgina basin, Australia   
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The Georgina Basin is a prospective unconventional oil and gas bearing sedimentary basin in 

Australia. The basin had active sedimentation from the Neoproterozoic to Devonian as 

characterized by the Central Australian Trilobite Zonation (CATZ). There is limited absolute 

dating in this basin, or the surrounding basins. Additionally, there are time gaps in the CATZ. 

Sedimentary rocks are notoriously difficult to apply radiometric dating techniques to because 

the typical mineralogy lacks datable material. Typically, CATZ biostratigraphy is based on the 

appearance of characteristic trilobites that can be correlated globally. In fine-grained sediments 

and particularly, organic-rich fine-grained sediments, the depositional environment is anoxic 

and biodiversity is extremely low, if any fossils are preserved at all. Many of the major global 

index fossils cannot survive in these types of environments and another method of dating these 

sedimentary rocks is required. This project uses the Re-Os geochronometer to analyze two 

organic-rich shales, the Arthur Creek and Hay River Formations (500-508 Ma and 510 Ma 

respectively), and expulsed hydrocarbons from these shales in the Georgina Basin.  

There are a number of factors that affect the temporal relationships in this basin. Two major 

structural features, the Toko Syncline and the Dulcie Syncline, affect the continuity of the 

Arthur Creek and the Hay River Formations. Additionally, there is an unconformity between 

these two formations. We have used the 187Re - 187Os system to absolute date the both 

formations in the West Toko Syncline, which indicates an age younger than the biostratigraphic 

constaints by ~30 m.y. Isochrons for the Arthur Creek Formation in the Toko Syncline and the 

Dulcie Syncline also indicate a younger age, but uncertainty remains high. Younger ages may 

signify variable sedimentation rates across the basin. Previous mis-correlations across the basin 

have been identified, and this data suggests that further re-evaluation of biostratigraphy is 

required. We have used XRD, XRF and ICPMS data to look at variations in sediment type to help 

understand some of the complexities affecting deposition and radiometric ages. 
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An Iceland-like setting for generation of Earth’s earliest known continental crust 

Reimink, J.R; Chacko, T; Stern, R.A; Heaman, L.M. 

The Acasta Gneiss Complex (AGC) contains the oldest known continental rocks on Earth with U-

Pb zircon ages indicating crust formation between 3.6-4.03 Ga.  These complex rocks hold a 

wealth of information regarding early Earth evolution.  Here we report whole rock 

geochemistry along with SIMS U-Pb, trace element, and O-isotope compositions of zircon from 

a >4.0 Ga tonalite unit identified during detailed mapping of the AGC over the past three years. 

Unlike typical Archean TTG magmatism, this unit is characterized by moderate silica contents 

(58-62 wt % SiO2), strong Fe-enrichment (12-15 wt% FeO), and low Mg numbers (13-18).  REE 

patterns have relatively little fractionation of the heavy REE from the light REE (La/YbN ~2.5) 

and contain a significant negative Eu anomaly.  These features strongly suggest that, unlike 

deep-seated Archean TTG magmas, the evolution of this AGC tonalite was dominated by 

shallow-level fractionation processes involving plagioclase.   

Zircons from this well preserved unit document complex morphological patterns, very similar to 

previously described pre-4.0 Ga zircons from the AGC.  Two phases of igneous zircon growth, 

centers and mantles, are compositionally distinct but record indistinguishable U-Pb ages >4.01 

Ga.  Oxygen isotopic compositions from zircon centers and mantles document a decrease in 


18O from a mean of 5.6±0.1‰ to a mean of 4.7±0.1‰.  This center to mantle decrease in 

magmatic 18O can be explained by late-stage assimilation of hydrothermally altered crust.  

Also, variations in trace element abundances from igneous zircon growth zones are consistent 

with this process.   

Collectively, these data for the >4.0 Ga AGC tonalite are strikingly similar to those reported for 

intermediate rocks from Iceland (e.g., icelandites), which are thought to have formed by a 

combination of shallow-level basaltic magma fractionation and assimilation of surface-water 

altered crust.  Thus, Iceland may serve as a suitable analogue for the generation of Earth’s 

earliest proto-continental crust. 
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Hyperspectral imaging for the determination of bitumen content in oil sands core samples 

Michelle Speta, Benoit Rivard, Jilu Feng, Michael Lipsett, Murray Gingras 

Ore grade is one of the primary variables controlling the economic recovery of bitumen from oil 

sands reservoirs hence there is a need for the reliable quantification of total bitumen content 

(TBC) in drill core samples. This is typically achieved through laboratory-based Dean-Stark 

analysis with decimeter scale sub-sampling of the core. Labour and time intensive, these types 

of analyses can become a significant bottleneck for both production and planning in oil sands 

industry operations.  Hyperspectral imaging is a remote sensing technique that may provide a 

solution to this problem. This technique can be defined as the combination of reflectance 

spectroscopy with high resolution digital imaging. Imagery of a box of oil sands core can be 

acquired in less than a minute with 1 mm per pixel detail. A shortwave infrared (1000-2500 nm) 

reflectance measurement is made in each pixel of the image and because bitumen is spectrally 

active in this wavelength region, the oil can be identified and quantified on a per pixel scale. In 

a previous study, a spectral model for the determination of TBC in homogenized ore samples 

was developed. Working with core samples rather than crushed ore, however, presents new 

challenges. The preservation state of the core sample (fresh, dry or frozen) and the extended 

range of minerals (e.g. clays, carbonates) will affect the reflectance response. Bitumen-free 

zones such as shale or mudstone, fractures and man-made materials must be calibrated for. 

This study presents examples following the adaptation of this model for use on drill core. Two 

groups of drill core samples were investigated where one is dry (i.e. devolatilized through long 

term exposure to ambient conditions) and the other group is fresh (recently drilled). The 

samples are from different locations and reservoir types (shallow and deep) within the 

Athabasca oil sands deposit. The root mean square errors for the sample populations show that 

the modified model predicts TBC within +/- 1.5 wt % for fresh core (n = 157, R2 = 0.97) and +/- 

2.8 wt % for dry core (n = 177, R2 = 0.94). Dean-Stark analysis is generally accepted to have an 

accuracy of +/- 1-1.5 wt %, thus fine-tuning the model for dry core remains a research 

preoccupation. Even if absolute TBC values cannot be established, relative estimates may still 

be valuable as the Dean-Stark method is not effective for dry core. As a whole, hyperspectral 

imaging has the distinct benefits of being non-destructive to the core sample and providing 

results within minutes of measurement while simultaneously creating a detailed digital record 

of the core. 
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Brucejack is a precious metal porphyry-related epithermal Au deposit located in northwestern 

British Columbia. The deposit is one of many world-class economic deposits that formed in 

association with extensive volcanic arc-related magmatism in Late Triassic-Early Jurassic time in 

the Canadian Cordillera. Brucejack mineralization is hosted by island arc-related Early Jurassic 

phyric latitic flows, and associated volcanic fragmental and subordinate volcaniclastic rocks. 

Variably altered and mineralized host volcanic rocks yield U-Pb zircon dates ranging between 

196.4 ± 0.7 Ma and approximately 184 Ma. Age estimates for mineralization at Brucejack range 

between 191 ± 0.8 Ma and 188.9 ± 0.9 Ma (Re-Os molybdenite), and are within broad 

agreement with estimates for local porphyry-style mineralization (195-192 Ma) and for the 

causative intrusions. The deposit includes features typical of intermediate-sulphidation 

epithermal deposits, including stockwork veining and breccia-veins, along with local adularia 

and common acanthite, suggesting near surface ore-forming conditions. However, the general 

absence of colliform banding and open-space filling, along with high molybdenum content in 

localized zones suggest deeper levels of emplacement than is typical for epithermal deposits. 

Six vein stages have been recognized at Brucejack; (1) highly deformed and discontinuous pyrite 

stringer veins containing carbonate and quartz with common sericite-chlorite alteration; (2) 

electrum-bearing deformed quartz-carbonate ± sericite stockwork veins and breccias, which are 

spatially associated with subvertical stringer quartz veinlets, also hosting electrum; (3) Zn-Pb-

(Cu) sulphide veining containing common Ag-sulfosalts and electrum; (4) highly deformed 

carbonate ± quartz veins containing abundant orange-coloured, Mn-bearing calcite, also 

containing electrum; (5) late stage quartz-carbonate shear veins with asymmetrical sericite, 

chlorite, and pyrite banding; and (6) subhorizontal white bull quartz-carbonate tension gash 

veins with appreciable chlorite alteration (these are cospatial and likely cogenetic with stage 5 

shear veins). The deposit is cross-cut by late stage basaltic-andesite amygdaloidal dykes, which 

truncate all mineralized veins, and which are cross-cut by late stage (post-mineralization) veins. 

A U/Pb zircon age of 182.7 ± 1.0 Ma has been determined for one of these dykes, providing a 

minimum age for the hydrothermal system.  
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Preliminary work on the ~1.9 Ga Rabbit Point Komatiite 

P. Waterton 

“Komatiites erupted billions of years ago as pulsating streams of white hot lava.” (Arndt, 2008) 

As potential probes of the deep mantle, and indicators of the variation in mantle temperature 

through time, komatiites have been of significant interest to the geochemical community. 

However, pervasive alteration of almost all komatiite samples has made questions regarding 

their origins difficult to resolve. 

This talk will present preliminary petrological, geochemical and isotopic work on the Rabbit 

Point komatiites. Previously dated at 1864 +6/-4 Ma, these drill core samples form part of 

relatively unexplored ~150 km x 30km belt within the Circum Superior Belt (CSB). The 

preservation of phenocrystic olivine and chromite, along with spherulitic cpx and groundmass 

glass identifies this komatiite occurence as one of the freshest on Earth, and likely the freshest 

komatiite with magmatic MgO contents > 25 wt%. Major element and preliminary trace 

element data support this conclusion, with immobile elements plotting along extremely tight 

olivine control lines (as high as r2 > 0.7). 

High carbon contents in these komatiites were previously considered to indicate an abnormally 

carbon rich lava. However, increases in the correlation coefficient of olivine control lines as high 

carbon samples are removed are here used to argue that high carbon contents reflect 

contamination by crustal rocks. High maximum liquidus temperatures, as calculated from bulk 

rock MgO, and calculated and measured olivine compositions, can readily account for the 

entrainment of crustal material. 

Previously determined U-Pb ages of associated basalts give a significantly younger age than the 

rest of the CSB. Here preliminary komatiite Re-Os isotopic compositions and ages are compared 

to examine the synchroneity the basalts and komatiite occurences, and whether the Rabbit 

Point komatiites share similar sources or even comprise part of the CSB large igneous province. 
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Assessing thermokarst lake history in the Old Crow Basin, Northern Yukon 

Sasiri Bandara and Duane Froese 

Thermokarst lakes form following the thaw of ice-rich permafrost and typically drain after 100s 

to 1000s of years followed by the accumulation of peat, which may lead to the aggradation of 

ice-rich permafrost, and a subsequent generation of thaw lakes should disturbance occur.  In 

this study, we investigate the thaw lake cycle through drilling and recovery of permafrost cores 

from drained thermokarst lake basins in the Old Crow Flats, northern Yukon. Thermokarst lakes 

and drained thermokarst lake basins are prevalent (>3000) in the Old Crow area, but little is 

known about the dynamics of these basins over Holocene timescales, and whether these lakes 

follow the assumed ‘thaw lake cycle’.   Here, we assess the history of several thermokarst lakes 

through sampling and analysis of permafrost cores recovered from six drained thaw lakes in the 

Old Crow Flats.   We establish the hydrology and drainage history of the lakes on the basis of 

pore-ice stable isotope analyses and radiocarbon dates of associated organic materials.  The 

results indicate that only 1 out of the 6 lakes shows evidence of multiple thermokarst cycles. 

Isotopic analyses suggest differing hydrological conditions following lake drainage and peatland 

development. Specifically, three of our lakes show depletion in δ18O over time, reflecting 

increased contributions from snowmelt and meteoric precipitation, while one lake shows 

evidence of δ18O enrichment over time, indicating predominantly evaporative conditions.  

These findings suggest that post-drainage thermokarst lake evolution differs among basins as a 

result of spatially varying hydrologic processes following lake drainage.  
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Making the connection: Petrogenetic models and geochemistry of the Double Double gold 

zone, Kaminak’s Coffee Gold project, Yukon, Canada 

Logan Boyce and Jeremy Richards 

The Double Double gold zone, a section of Kaminak’s Coffee Gold project located in the Yukon-

Tanana Terrane, is unique amongst the other zones of the project in that it is characterized by 

high gold grades of up to 120.25 g/t, and an average grade of 2.32 g/t in concentrated near-

vertical lenses. However, it follows the same style of mineralization patterns observed 

elsewhere on the property. The Coffee Gold Project has been described as an epizonal orogenic 

gold deposit, hosted in the arc and back-arc lithologies of the Slide Mountain Terrane and the 

continental margin sediments and volcanics of the Snowcap Assemblage. The current model for 

the genesis of this system is that numerous overthrusting events to the northeast during the 

Jurassic led to stacking and faulting of the terrane’s. A period of rapid uplift and exhumation of 

the Dawson Range during the Mid-Cretaceous opened up fracture and fault systems and 

permitted auriferous fluid to permeate the host rocks along fractures. Foliation defined by 

micas and quartz provided a conduit for fluid flow. Previous studies by Buitenhuis (2014) and 

Cruikshank (2011) have shown that a mineralizing fluid, of CO2-H2O-As-Sb-S-Ag-Au composition, 

reacted with host rocks to deposit arsenian pyrite. Gold is disseminated throughout the 

arsenian pyrite in solid solution. Some remobilization of the sulphides occurred by a later CO2-

rich fluid, resulting in brecciation and secondary silica-carbonate vein generations. 
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Regional sedimentology and ichnology of basal Cretaceous Gething Formation, North-Central 

Alberta 

Yuhao Li, Murray Gingras and Scott Botterill 

The basal Cretaceous Gething Formation in Peace River area is a heterolithic unit deposited in a 

wave-dominated estuary. The study area is in north-central Alberta, 50 km to the east of town 

of Peace River. Although Gething Formation is not considered as a primary hydrocarbon target 

in Alberta, two out of eleven identified lithofacies in the study area show good reservoir 

qualities. An overall Cretaceous paleogeography is established over the entire Western 

Canadian Sedimentary Basin. However, for oil and gas exploration, more detailed 

sedimentological and ichnological studies are needed to construct the regional paleogeography 

and improve the understanding of reservoir distribution.  

A detailed study of Sedimentology and Ichnology of the study area shows distinct zonations of a 

wave-dominated brackish bay, perhaps with the opening to southeast. The northernmost part 

of the study area is interpreted as a bay-head delta setting. Lithofacies in this area are 

dominated by low-angle cross-bedded and current-rippled sandstones and thin mud laminae 

with  minimal bioturbation. These lithofacies then transit southward into heterolithic and 

sporadically bioturbated strata that are composed of very fine sandstones, siltstones and 

mudstones. These strata are deposited in a quiescent central bay. In the southernmost area, 

lithofacies go back to well-sorted sandstones with fewer thin, organic-rich mud laminae. 

However, local tempestites and cryptically bioturbated sandstones indicate that this part of the 

study area is deposited in the lower part of the estuary, close to the bay mouth.  



ATLAS Research Symposium 2014  42 

A sedimentological and ichnological analysis of the Swift Formation 

Donald Prenoslo and Murray Gingras 

The Upper Jurassic Swift Formation is a siliciclastic unit that lies in the subsurface of southern 

Alberta and Saskatchewan. The study area is centered on the Manyberries oil field, which is 

approximately 85 km south of Medicine Hat. It extends from townships 4 to 6 and ranges 4 to 6 

west of the 4th meridian. Previous studies have shown numerous incised valleys complicate the 

spatial distribution of the Swift Formation; the purpose of this study was to better understand 

the depositional setting and stratigraphic relationships within the Manyberries area. 7 cores 

totaling 120 meters were analyzed both sedimentologically and ichnologically. An overall 

coarsening upwards succession was observed and four facies were identified.  Facies 1 is a 

continental shale. Facies 2 comprises a heterolithic succession of mudstone, siltstone and 

sandstone and is interpreted to represent deposition in a shallow water lagoon. Facies 3a and 

3b are sandstones with varying degrees of bioturbation.  Facies 3a is interpreted to represent 

deposition in the shoreface and Facies 3b represents deposition in the foreshore environment. 

Facies 4 consists of pedogenically altered sediments and is interpreted to have been subaerially 

exposed for a significant period of time. 
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Sedimentological and ichnological analysis of the McMurray Formation Amphitheatre 

Outcrop, Fort Mackay, Alberta 

Adam Semchuk and Murray Gingras 

The Amphitheatre outcrop, which lies along the Mackay River, 60 km north of Fort McMurray, 

Alberta, exposes a large (approximately 26 m high) section of the middle McMurray Formation. 

Exposed within the outcrop is a large cross-bedded sand body, the deposition and architectural 

morphology of which, have been the subject of discussion. Field observations of the outcrop 

have built a strong argument for tidally influenced sedimentation, as evidenced by the presence 

of a brackish-water trace fossil assemblage, reactivation surfaces, and rippled forests, 

sedimentary reversals, are preserved throughout the sand body. Although the outcrop hosts 

the aforementioned tidal indicators, there is much debate regarding whether the Amphitheatre 

outcrop formed via lateral accretion (i.e. point bar), forward accretion (i.e. dune/compound 

dune) or as a combination of the two processes. To resolve this question, we measured bedding 

plane and foreset orientations, logged 3 vertical sections, and produced a photographic 

dataset. The main objective of the work was to determine peleocurrent directions and their 

relationship to bedding plane dip. These bedding plane/foreset measurements were plotted on 

rose diagrams.  Analysis of these measurements show that foreset and bedding plane dip 

directions are dominantly directed towards the northwest, with subordinate numbers of 

foresets dipping at high angles to the dominant direction. The relationship of these orientations 

suggests mixed sedimentation processes (i.e. composite dune / bar). Notably the majority of 

foresets dip in the direction of bedding planes, suggesting that the sand body is closer to a 

compound dune morphology.  

The collective results of this study, including trace fossil assemblage, dominant bedforms, 

vertical succession and paleocurrent directions suggest that the sand body was deposited 

within `the middle estuary environment of the McMurray Fm. This calls into question recent 

papers that invoke a fluvial nature of the middle McMurray. The significance of these 

interpretations highlight the importance of detailed sedimentological observation in arriving at 

depositional models.  
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Co-occurrence of Trypanites-Glossifungites demarcated discontinuity surfaces of the Triassic 

Baldonnel Formation in Williston Lake, British Columbia 

Sarah Schultz, Carolyn Furlong, Tiffany Playter and John-Paul Zonneveld 

Substrate-controlled trace fossil assemblages commonly demarcate significant stratigraphic 

surfaces.  Firmground assemblages, included within the Glossifungites ichnofacies, are common 

in siliciclastic successions whereas Trypanites assemblages have typically been reported from 

carbonate successions. Substrate-controlled trace fossil assemblages (both Glossifungites and 

Trypanites) are common in mixed siliciclastic-carbonate strata of the Upper Triassic Baldonnel 

Formation at Williston Lake in northeastern British Columbia. Previous publications of mixed 

siliciclastic-carbonate environments focus on the sedimentology of the systems, but frequently 

overlook or underemphasize the ichnological attributes.  The Baldonnel records multiple 

transgressive-regressive cycles with all key surfaces demarcated by substrate-controlled trace 

fossil assemblages.  This study focuses on several well-exposed surfaces in an effort to identify 

the lithological, ichnological and physical characteristics (including full spectral gamma 

radiation) of key surfaces.  Trypanites assemblages are common at coplanar lowstand surfaces 

of erosion / transgressive surfaces of erosion (LSE/TSE).  Traces at these contacts include 

Trypanites, Rogerella, Entobia and large, sack-like traces attributable to Gastrochaenolites. 

Traces at coplanar LSE/TSE surfaces are commonly infilled with granular clastic detritus and 

show strong Thorium spikes indicating the presence of abundant heavy minerals. Glossifungites 

surfaces are common at regressive surfaces of erosion and are characterized by Diplocraterion, 

Rhizocorallium, Skolithos, and large Thalassinoides.  These surfaces alternate in the 

stratigraphic succession, with Trypanites suites occurring on dolomitic limestone beds and 

Glossifungites suites occurring on top of calcareous siltstone units and infilled with poorly 

sorted bioclastic calcareous sandstone.  Identification of these surfaces are integral in local and 

regional stratigraphic correlation and their co-occurrence is a hallmark of mixed siliciclastic-

carbonate successions. 

 

  



ATLAS Research Symposium 2014  45 

Chemistry and size characterization of iron flocs 

Eric Webb, Murray Gingras, Kurt Konhauser and Jamie Robbins 

The purpose of this study is to determine the effects of flocculation on Precambrian Banded 

Iron Formations (BIF) and to determine where iron flocs could have settled in Precambrian 

oceans. Consistent with previous Precambrian geochemical proxies, Fe solutions of 3 and 10 

ppm are used. The iron flocs are examined under a scanning electron microscope to determine 

the size, which range from 30 nm to 1 µm. The floc size is also analyzed in solution using 

dynamic light scattering to determine size in solution. Using these floc sizes, Stokes' Law is 

applied, using the densities for hematite and silica. Based on the Stokes' Law settling rate, these 

flocs should not settle in typical oceanic environments, as typical current speed will exceed the 

settling velocity, keeping the flocs in suspension. The settling rates are compared to modern 

ocean currents to determine where BIF could have been deposited. 


