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Foreword
This is always such a pleasure to be writing this foreword and to be releasing the Canada-Nunavut Geoscience Office
(CNGO) Summary of Activities 2017 volume. The publication was conceived by the former Chief Geologist, David Mate,
and the first edition covered the year 2012. The papers in the volume highlight most, but not all, of the work that the CNGO
conducts, as independent research or as collaborative projects with other organizations.
The CNGO was established in 1999 by the federal and territorial governments following the creation of Nunavut, and is
Nunavut’s ‘de facto’ geological survey. It operates under a tripartite agreement between Natural Resources Canada
(NRCan; Lands and Minerals Sector, Geological Survey of Canada), Indigenous and Northern Affairs Canada (INAC) and
the Government of Nunavut’s Department of Economic Development and Transportation (GN-EDT). Each of the three
partners sit on the CNGO management board, along with an ex officio representative from Nunavut Tunngavik Incorporated (NTI), which provides scientific and operational oversight for the office.
The CNGO’s mission is to provide Nunavut with accessible geoscience information and expertise to support the following
activities: responsible resource exploration and development; responsible infrastructure development; geoscience-capacity building; geoscience education and training; and geoscience awareness and outreach. To accomplish this mission, the
CNGO maps, interprets and reports on the geological features and resources of Nunavut, commonly in collaboration with
geoscience partners, and engages the public on key geoscience issues.
The CNGO has six professional staff members, and initiates and conducts a wide range of collaborative geoscience research
with partners from other government departments, universities, industry and communities. Expertise provided by the
CNGO includes regional Precambrian bedrock mapping and surficial mapping, thematic research in Paleozoic stratigraphy,
mineral-deposit research, GIS and cartography, and computing and data dissemination.
Most of the CNGO’s projects are funded primarily with project-specific funds, which are provided through the office agreement, renewed every five years, between NRCan, INAC and GN-EDT, to manage and operate the office. Additional funding for other research projects is sought from other sources. One of the key funding sources for further research programming for the CNGO has been the Canadian Northern Economic Development Agency’s (CanNor) Strategic Investments in
Northern Economic Development (SINED) program, which has been supporting northern economic development since
2004.
Project-specific research focuses on several areas. Geoscience mapping includes bedrock mapping, surficial mapping, geochemical surveys and aeromagnetic surveys. Detailed mineral-deposit studies are aimed at selected targets. Thematic
geoscience studies include energy-related research (uranium, petroleum) and geoscience research to protect investments in
infrastructure (permafrost, aggregates). Capacity building and data dissemination include communication and outreach efforts, peer-reviewed publications and online dissemination.
This volume contains 14 papers, all of which are available for download, free of charge, at www.cngo.ca. Additionally, the
Geoscience Data Series disseminates digital data, such as analytical datasets, point data, and polygon and metadata files,
that support the research work and papers in the volume.
The research presented in this volume is divided into the themes—Regional Geoscience (mapping), Geoscience for Infrastructure, Aggregate and Industrial Minerals, Carving Stone, and Outreach and Capacity Building—under which the research was conducted. Results from regional geoscience (mapping) are highlighted in six papers. One paper (Therriault et
al.) reports on bedrock and structural mapping research conducted in 2017 as part of the multiyear (2015–2017) Tehery
Lake–Wager Bay collaborative project on the northwestern coast of Hudson Bay in southern Nunavut, under NRCan’s GeoMapping for Energy and Minerals, Phase 2 (GEM-2; 2013–2020) program. Two papers (Zhang; Tremblay) present initial
Paleozoic stratigraphic research and surficial geological studies, respectively, of the Boothia Peninsula in central Nunavut,
under the collaborative GEM-2 and SINED programs. The fourth paper (Ielpi et al.) describes stratigraphy, gamma-ray
spectrometry and uranium prospectivity conducted in the western Kitikmeot Region. Two papers (Skipton et al.; Bros and
Johnston) detail research conducted on the Precambrian bedrock geology of the Pond Inlet–Mary River area, northern
Baffin Island, east-central Nunavut under the GEM-2 program. The seventh paper (Gibson et al.) in the regional geology
theme, which also falls under the GEM-2 program, examines the ancient sedimentary rocks of northern Baffin and Bylot
islands.
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The CNGO collaborates with several partners—NRCan (GSC-Ottawa and GSC-Atlantic), universities, ArcticNet and the
Government of Nunavut’s Department of Environment—to conduct research under the geoscience for infrastructure
theme. One paper (Broom et al.) uses the analysis of marine sediments from Pond Inlet, a fiord in northern Baffin Bay of
east-central Nunavut, to demonstrate that underwater slope failures have occurred in the area. The second paper (Campbell
et al.) shows that analysis of marine sediments may enable scientists to predict where submarine landslides will occur in the
future. The third paper in this section (Oldenborger et al.) discusses ground temperatures and permafrost conditions in and
around the Hamlet of Rankin Inlet, southern Nunavut.
Carving stone is a resource of significance to Inuit communities of Nunavut, supporting a multimillion dollar arts and crafts
industry and providing a valuable source of income for carvers. In this section, three papers detail collaborative work between the CNGO, the Qikiqtani Inuit Association, the GN-EDT and the University of Manitoba. Different aspects of selected carving stone quarries and resources are discussed in papers by Timlick et al., Steenkamp et al., and Elgin.
The final paper in the volume (Ham) provides a general overview of the CNGO and its beginnings, and discusses some of
the additional collaborative work conducted by the CNGO.
I hope everyone who reads these papers enjoys learning about the variety of high-quality research conducted by this office,
and our partners and collaborators.
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Préface
C’est pour moi toujours un tel plaisir que de rédiger cette préface qui annonce la parution d’une nouvelle édition des volumes de la série des Sommaires des activités, cette fois le Summary of Activities 2017, que publie chaque année le Bureau
géoscientifique Canada-Nunavut (BGCN). L’idée de publier ces volumes est venue à David Matte en 2012, alors qu’il était
géologue en chef, et année à laquelle paraissait pour la première fois ce résumé des activités du BGCN. Les articles
présentés dans ce volume portent sur la plupart, mais non pas tous, les travaux menés par les chercheurs du BGCN, qu’il
s’agisse de travaux de recherche indépendants ou de travaux réalisés dans le cadre de projets de nature collaborative
entrepris avec d’autres organismes.
En 1999, les gouvernements fédéral et territorial procédaient à la mise sur pied du BGCN, lequel dans la foulée de la
fondation du Nunavut devenait de fait l’organisme officiel responsable des levés géologiques au Nunavut. Le Bureau
fonctionne en vertu d’un accord tripartite convenu entre Ressources naturelles Canada (RNCan, Secteur des terres et des
minéraux, Commission géologique du Canada), Affaires autochtones et du Nord Canada (AANC) et le ministère du
Développement économique et du Transport (DET) du Gouvernement du Nunavut. Des représentants de ces trois
organismes siègent au Conseil d’administration du BGCN, duquel fait également partie un représentant de la société
Nunavut Tunngavik Incorporated à titre de membre d’office. Ensembles, ils sont responsables de la surveillance des
activités scientifiques et opérationnelles du Bureau.
Le BGCN a pour mission d’assurer l’accès aux citoyens du Nord à des renseignements et de l’expertise de nature
géoscientifique dans le but d’appuyer les travaux visant la poursuite de l’exploitation et de la mise en valeur responsables
des ressources; le développement responsable de l’infrastructure; le renforcement des capacités géoscientifiques;
l’éducation et les possibilités de formation dans le domaine des sciences de la Terre; et la mise en place de programmes de
sensibilisation du public en matière de géosciences. Pour ce faire, les chercheurs du BGCN dressent des cartes, interprètent
et consignent leurs observations au sujet des caractéristiques géologiques et les ressources du Nunavut, souvent en collaboration avec d’autres chercheurs du domaine géoscientifique, et sensibilisent le public à des questions importantes relatives
aux sciences de la Terre.
Le BGCN compte présentement six employés professionnels qui voient à la mise en œuvre et à la poursuite d’une vaste
gamme de travaux de recherche dans le domaine géoscientifique entrepris en collaboration avec des partenaires provenant
d’autres ministères gouvernementaux, d’universités, du secteur industriel et des collectivités comme telles. Le BGCN
partage ses connaissances en matière de cartographie du substrat rocheux du Précambrien et des formations de surface; de
recherches thématiques dans le domaine de la stratigraphie paléozoïque; de recherches liées aux gisements minéraux; des
systèmes d’information géographique et de cartographie; et de diffusion des données.
Le financement pour la plupart des projets entrepris par le BGCN provient de fonds alloués spécifiquement à ces fins en
vertu d’une entente, renouvelée tous les cinq ans, intervenue entre RNCan, AANC et le DET du Gouvernement du Nunavut
(aux termes de laquelle ils s’entendent de gérer et diriger le Bureau); du financement d’appui provient également d’autres
sources. Une des sources de financement principales du BGCN lui provient par le biais du programme Investissements
stratégiques dans le développement économique du Nord (ISDEN) dirigé par CanNor, qui offre son soutien aux initiatives
visant le développement économique du Nord depuis 2004.
Les recherches axées sur des projets particuliers portent sur plusieurs thèmes. La cartographie géoscientifique comprend
des travaux de cartographie du substrat rocheux et de cartographie de surface, et des travaux de levés géochimiques et
aéroportés. Des études détaillées des gisements minéraux mettent l’accent sur des sites choisis. Les études géoscientifiques
de nature thématique comprennent des travaux de recherche liés à l’énergie (l’uranium, le pétrole) et des travaux de recherche en matière de protection des investissements en infrastructure (le pergélisol, les agrégats). Le renforcement des
capacités et la diffusion des données regroupent les tentatives faites en vue d’assurer les communications et la
sensibilisation du public, la publication d’ouvrages revus par un comité de lecture et la diffusion en ligne de l’information.
Le présent volume renferme 14 articles publiés (en anglais seulement, accompagnés de résumés en français) sur Internet et
téléchargeables sans frais depuis le www.cngo.ca. En outre, la Série des données géoscientifiques permet la diffusion de
données numériques, tels les ensembles de données analytiques, ponctuelles ou polygonales et les fichiers de métadonnées,
appuyant les travaux de recherche présentés dans le volume.
Les travaux de recherche présentés dans ce volume sont répartis en fonction des sujets suivants qui correspondent aux
travaux menés par le Bureau, à savoir les Études géoscientifiques régionales (cartographie), les Études géoscientifiques
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liées à l’infrastructure, les Agrégats et minéraux industriels, la Pierre à sculpter et la Sensibilisation du public et le
renforcement des capacités. Les résultats associés aux études géoscientifiques régionales (cartographie) font l’objet de six
articles. Un article (Therriault et coll.) fait état de travaux de cartographie structurale et du substrat rocheux menés en 2017
dans le cadre du projet collaboratif pluriannuel (2015 à 2017) de la région du lac Tehery et de la baie Wager sur la côte nordouest de la baie d’Hudson, dans la partie sud du Nunavut; ce projet fait partie de la deuxième phase du programme de
géocartographie de l’énergie et des minéraux (GEM-2; 2013 à 2020) de RNCan. Deux articles (Zhang; Tremblay)
présentent le résultat d’études préliminaires, respectivement de la stratigraphie paléozoïque et de la géologie de surface, de
la presqu’île de Boothia au centre du Nunavut, entreprises dans le cadre de programmes collaboratifs impliquant GEM-2 et
ISDEN. Les auteurs du quatrième article (Ielpi et coll.) décrivent les travaux de stratigraphie, de spectrométrie gamma et de
la prospectivité en uranium menés dans l’ouest de la région de Kitikmeot. Deux articles (Skipton et coll.; Bros et Johnston)
font état de recherches portant sur la géologie du socle rocheux précambrien de la région de Pond Inlet et Mary River, au
nord de l’île de Baffin, au centre-est du Nunavut, réalisées dans le cadre du programme GEM-2. Le septième article (Gibson
et al.) associé au thème de la géologie régionale s’inscrit également dans le cadre du programme GEM-2 et porte sur les
roches sédimentaires anciennes du nord de l’île de Baffin et de l‘île Bylot.
Le BGCN collabore avec plusieurs partenaires, à savoir RNCan (CGC-Ottawa et CGC-Atlantique), des universités,
ArcticNet et le ministère de l’Environnement du Gouvernement du Nunavut, afin de réaliser des travaux de recherche dans
le domaine des études géoscientifiques liées à l’infrastructure. Un article (Broom et coll.) rapporte comment l’analyse de
sédiments marins provenant du bras Pond, un fjord dans la partie nord de la baie de Baffin dans le centre-est du Nunavut,
permet de démontrer que des ruptures de versant se sont produites dans la région. Les auteurs d’un deuxième article (Campbell et coll.) démontrent que l’analyse de sédiments marins pourrait permettre aux scientifiques de prédire les endroits les
plus susceptibles d’être sujets à des glissements sous-marins à l’avenir. Le troisième article de cette section (Oldenborger et
coll.) fait état des températures du sol et des conditions liées au pergélisol au hameau de Rankin Inlet et la région
environnante, au sud du Nunavut.
La pierre à sculpter est une ressource importante pour les collectivités inuits du Nunavut et soutient une industrie de métiers
d’art de plusieurs millions de dollars qui procure une source précieuse de revenu aux sculpteurs. Dans la présente section,
trois articles rapportent en détail le travail collaboratif qui lie le BGCN, la Qikiqtani Inuit Association, le DET du
Gouvernement du Nunavut et l’Université du Manitoba. Différents aspects propres à des carrières et des gisements de pierre
à sculpter choisis font l’objet des articles rédigés par Timlick et coll., Steenkamp et coll. et Elgin.
Le dernier article du volume (Ham) présente un aperçu général des débuts du BGCN et fait état de quelque uns des autres
travaux de nature collaborative menés par le BGCN.
J’ose espérer que tous et chacun découvriront et apprécieront en lisant ces articles à quel point est variée la recherche de
haute qualité entreprise aussi bien par le Bureau, que par ses partenaires et collaborateurs.
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New mapping and initial structural characterization of the Wager shear
zone, northwestern Hudson Bay, Nunavut
I. Therriault1, H.M. Steenkamp2 and K.P. Larson3
1

The University of British Columbia–Okanagan, Kelowna, British Columbia, isabelle.therriault@alumni.ubc.ca

2

Canada-Nunavut Geoscience Office, Iqaluit, Nunavut

3

The University of British Columbia–Okanagan, Kelowna, British Columbia

This work was conducted by the Canada-Nunavut Geoscience Office as a continuation of the Tehery-Wager geoscience mapping activity of
Natural Resources Canada’s (NRCan) Geo-mapping for Energy and Minerals (GEM-2) program Rae activity, with participants from Canadian universities (The University of British Columbia–Okanagan and Université du Québec à Montréal). The focus is on targeted bedrock and surficial geology mapping, stream-water and stream-sediment sampling, and other thematic studies, which collectively will
increase the level of geological knowledge in this frontier area and allow evaluation of the potential for a variety of commodities, including
diamonds and other gemstones, base and precious metals, industrial minerals, carving stone and aggregates. This activity also aims to assist northerners by providing geoscience training to college students, and by ensuring that the new geoscience information is accessible for
making land-use decisions in the future.
Therriault, I., Steenkamp, H.M. and Larson, K.P. 2017: New mapping and initial structural characterization of the Wager shear zone, northwestern Hudson Bay, Nunavut; in Summary of Activities 2017, Canada-Nunavut Geoscience Office, p. 1–12.

Abstract
New geological mapping was conducted during the summer of 2017 along the inferred Paleoproterozoic Wager shear zone
(WSZ), located on the northwestern coast of Hudson Bay, Nunavut. This work is the basis for a project that aims to better
constrain the timing, duration and kinematics of the deformational events preserved by the WSZ, and to interpret these
events in a regional context. Fieldwork consisted of daily traverses across the shear zone, during which lithological and
structural data were recorded, and samples were collected for petrographic, microstructural and geochronological analyses.
At the outcrop scale, the shear zone is characterized by a steep, east- or west-trending mylonitic foliation and a subhorizontal mineral-stretching lineation with abundant dextral shear-sense indicators. A broad strain gradient across the southern
boundary of the WSZ is up to 2–3 km wide, whereas the northern boundary appears to be more abrupt, generally less than
250 m wide. Rocks outside the shear zone preserve evidence of earlier, largely sinistral, deformation. Detailed analytical
work is now underway to help unravel the complex structural history of the area and investigate the potential relationship
between the WSZ and Paleoproterozoic (and possibly older) regional tectonic events.

Résumé
De nouveaux travaux de cartographie ont été réalisés au cours de l’été 2017 le long de la zone de cisaillement inférée de
Wager d’âge paléoprotérozoïque, laquelle se situe sur la côte nord-ouest de la baie d’Hudson, au Nunavut. Ces travaux constituent la base d’un projet visant à déterminer le moment, la durée et la cinématique des épisodes de déformation qui ont
laissé leur marque sur la zone de cisaillement et d’interpréter ces événements en fonction du contexte géologique régional.
Des cheminements effectués tous les jours dans la zone de cisaillement ont permis de relever des données de nature
lithologique et structurale, ainsi que de recueillir des échantillons à des fins d’analyses pétrographique, microstructurale et
géochronologique. À l’échelle de l’affleurement, la zone de cisaillement se distingue par une foliation mylonitique abrupte
à direction est ou ouest ainsi que par une linéation d’étirement subhorizontale, accompagnée de nombreux indices de sens
de cisaillement dextre. La pente suivie par la déformation le long de la limite méridionale de la zone de cisaillement atteint 2
à 3 km de largeur, alors que la pente le long de la limite septentrionale semble plus raide, n’atteignant que 250 m de largeur.
Les roches à l’extérieur de la zone de cisaillement témoignent d’épisodes de déformation antérieurs en grande partie à
composante sénestre. Des travaux d’analyse détaillés ont été entrepris afin de démêler l’évolution structurale complexe de
la région et d’étudier les liens possibles pouvant être établis entre la zone de cisaillement et les évènements tectoniques
paléoprotérozoïques (et peut-être même plus anciens) ayant marqués la région.

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Introduction
Wager Bay is a 100 km long inlet in the Kivalliq Region of
Nunavut, located on the northwestern coast of Hudson Bay
(Figure 1). The area surrounding Wager Bay is underlain by
Archean and Paleoproterozoic rocks of the Rae craton (Hoffman, 1988) that record multiple regional-scale metamorphic and deformational events (Henderson et al., 1986,
1991; Jefferson et al., 1991; Steenkamp et al., 2015, 2016;
Wodicka et al., 2015, 2016).
The Wager shear zone (WSZ; formerly known as the
Meadowbank fault; Heywood and Schau, 1978) was first
recognized during reconnaissance-scale mapping conducted in the 1960s (Heywood, 1967a, b) and further defined through detailed, targeted mapping and U-Pb geochronology carried out in the late 1980s and early 1990s
(Henderson et al., 1986; Derome, 1988; Henderson and
Broome, 1990; Henderson and Roddick, 1990; Henderson
et al., 1991). It was identified as a zone of high strain that
extends west for approximately 450 km from Southampton
Island, across Roes Welcome Sound, through Wager Bay
and farther inland (Figure 1; Henderson and Broome, 1990).
Most of the detailed work was focused on the portion of the
WSZ located along the south coast of Wager Bay (here referred to as the eastern segment; see below), so the overall
timing, kinematics and magnitude of displacement along
the length of the WSZ have not been fully investigated.
Field research was conducted in the summer of 2017 to collect new observations and oriented samples to help further
define and characterize the structural and temporal evolution of the WSZ. Building upon previous work, the new information acquired farther to the west will provide a broader
framework to explore the regional significance of the WSZ
and potential correlations in the broader region, which remain unknown at this time. This work is part of a large-scale
mapping initiative focused on the Tehery Lake–Wager Bay
area that was co-led by the Canada-Nunavut Geoscience
Office and the Geological Survey of Canada, and aims to
better constrain the area’s geological history and potential
regional correlations (Ferderber et al., 2013; Steenkamp et
al., 2015, 2016; Wodicka et al., 2015, 2016). Presented here
is a summary of observations and preliminary results of the
2017 fieldwork, as well as a discussion of the next steps the
project will take to fully investigate the complex history of
the WSZ.

Geological setting
Rocks of the western Hudson Bay area, some of which record a protracted tectonic history, were metamorphosed
and deformed throughout the early to terminal collisional
events marking the 1.92–1.80 Ga Trans-Hudson Orogen
(Corrigan et al., 2009). During this time period, the Superior plate collided with the western Churchill Province collage, resulting in a Himalayan-scale mountain belt whose
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roots are now exposed in Greenland, across the Arctic and
central Canada, and into the central United States (Hoffman, 1988; St-Onge et al., 2006; Corrigan et al., 2009). The
western Churchill Province comprises rocks of the Rae and
Hearne domains, which are separated by the 1.9 Ga Snowbird tectonic zone, as well as rocks of the Chesterfield block
(Figure 1; Mahan and Williams, 2005; Berman et al., 2007).
Archean and Paleoproterozoic orthogneiss, paragneiss and
plutonic rocks belonging to the Rae domain primarily underlie the northwestern Hudson Bay area (e.g., Hoffman,
1988; Skulski et al., 2003; LaFlamme et al., 2014; SanbornBarrie et al., 2014a, b; Steenkamp et al., 2015, 2016; Wodicka et al., 2015, 2016). This is also where a series of highpressure granulite exposures, including the Daly Bay,
Uvauk and Kramanituar complexes, and the Kummel Lake
domain (Figure 1; Gordon, 1988; Steenkamp et al., 2016;
Wodicka et al., 2016), may mark the northern continuation
of the Snowbird tectonic zone (Sanborn-Barrie et al., 2001;
Mills et al., 2007).

Previous work
The WSZ in the Tehery Lake–Wager Bay study area can be
broadly separated into three segments (Figure 2). The eastern segment of the WSZ crops out along the southern shore
of Wager Bay and is characterized by east- and west-striking, steeply dipping mylonitic rocks with a shallowly
plunging mineral-stretching lineation that exhibits strongly
developed dextral shear-sense indicators (Henderson et al.,
1986; Henderson and Broome, 1990; Henderson et al.,
1991). Henderson and Broome (1990) referred to the area
located north of the shear zone along this segment as the
pink and grey gneiss terrane. There, rocks consist of amphibolite-facies tonalite to granodiorite orthogneiss, panels of
supracrustal rocks and granitic intrusions; the former two
units are complexly folded, and mylonitic fabrics along
unit contacts locally record sinistral shear evidence
(Henderson et al., 1986, 1991; Henderson and Broome,
1990). Rocks south of the WSZ have been described as belonging to the patchy granulite-facies terrane (Henderson
and Broome, 1990). This area is dominated by granodiorite
to monzogranite orthogneiss with amphibolite- and granulite-facies assemblages, which include local orthopyroxene (Henderson et al., 1986; Derome, 1988; Henderson and
Broome, 1990), and coincides with a high-magnetic signal
(Figure 3). Discrete dextral and sinistral shear zones are
also present south of the WSZ (Henderson et al., 1986). The
eastern segment of the WSZ is believed to have developed
at amphibolite-facies conditions (e.g., Derome, 1988;
Broome, 1990; Wodicka et al., 2016), with a strain gradient
marking its southern boundary that is more gradual than
that to the north (Henderson et al., 1986). Additionally,
Derome (1988) suggested that the rocks to the north of the
shear zone may have experienced metamorphism at shallower depths than those rocks exposed to the south, based
on their respective mineral assemblages.
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Figure 1: Geology of the northwestern Hudson Bay area, illustrating the positions of the Rae, Chesterfield and Hearne domains, separated by the Snowbird tectonic zone (after Paul et al.,
2002; Mahan and Williams 2005; Berman et al., 2010, 2013; Rainbird et al., 2010; Pehrsson et al., 2013; LaFlamme et al., 2014; Steenkamp et al., 2015, 2016; Wodicka et al., 2015, 2016). Abbreviations: AMZ, Amer mylonite zone; CBC, Cross Bay complex; CSZ, Chesterfield shear zone; CMZ, Chantrey mylonite zone; DBC, Daly Bay complex; HI, Hanbury Island shear zone; KC,
Kramanituar complex; KLD, Kummel Lake domain; QRFZ, Quoich River fault zone; sb, supracrustal belt; UC, Uvauk complex; WSZ, Wager shear zone.
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Figure 2: Preliminary bedrock geology of the Wager Bay area (after Panagapko et al., 2003; Steenkamp et al., 2015, 2016; Wodicka et al., 2015, 2016, 2017), with new interpretations of strain
intensity along the WSZ from 2012–2017 fieldwork. Crystallization ages (U-Pb zircon) are from a) Base Camp granite (Henderson and Roddick, 1990), b) van Breemen et al. (2007), and
c) Wodicka et al. (2017). Ukkusiksalik National Park boundary is outlined in green. Major shear zones are shown with thick black lines. Abbreviations as in Figure 1.
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Figure 3: Residual total-magnetic-field anomaly map that shows the WSZ and its possible link to the Amer mylonite zone, northwestern Hudson Bay (Natural Resources Canada, 2017). Abbreviations as in Figure 1; LIBZ, Lyon Inlet boundary zone.

West of Wager Bay, along the central segment of the WSZ
(Figure 2), lineament rotation visible in aeromagnetic data
(Figure 3) occurs to the south of the structure, consistent
with ductile conditions and potentially higher temperatures
and deeper burial (Broome, 1990). Much of the northern
boundary of the WSZ along the central segment is marked
by the southern edge of the ca. 1.83 Ga Wager pluton (Figure 2; Wodicka et al., 2017), which comprises massive to
weakly foliated monzogranite to monzodiorite with abundant granulite-facies orthogneiss inclusions (Steenkamp et
al., 2016; Wodicka et al., 2016). The strongly deformed inclusions within the pluton and the presence of mylonite immediately north of the intrusion led Wodicka et al. (2016,
2017) to interpret that the body intruded along the shear
zone and therefore implied a component of deformation for
the WSZ older than 1.83 Ga.
The western segment of the WSZ (Figure 2) is poorly exposed. Geophysical data from this segment have been interpreted to indicate that the structure either merges with the
Quoich River fault zone to the southwest (Panagapko et al.,
2003; Berman, 2010) or connects with the Amer mylonite
zone to the northwest (see below; Figure 1; Broome, 1989,
1990).
The WSZ appears to coincide with prominent magnetic
(Figure 3; Geological Survey of Canada, 1983) and regional gravity (Broome, 1990; Tschirhart et al., 2016) lineaments. Detailed geophysical studies along the eastern segment of the structure indicate that the positive magnetic
anomaly corresponding to granulite-grade rocks south of
the WSZ reflects abundant magnetite that likely formed
during granulite-facies metamorphism (Broome, 1990). In
this eastern segment, the shear zone presents as a magnetic
low because normally magnetized bodies appear as a low
when they are north of a magnetic high in northern latitudes
due to the dipolar nature of the magnetic field (Broome,
1989). This effect is not observed farther to the west as
there is no strong magnetic high south of the WSZ beyond
longitude ~90°W (Figure 3; Broome, 1989, 1990). Instead,
along the central segment, a magnetic high to the north of
the WSZ, which is broadly coincident with the Wager
pluton (Steenkamp et al., 2016; Wodicka et al., 2016), is interpreted to merge with a major magnetic high and associated granulite-grade rocks located south of the Amer mylonite zone around 93°W longitude (Broome, 1989, 1990;
Tschirhart et al., 2016). A continuous gravity anomaly between the two shear zones has been interpreted to reflect a
common origin, with the merging magnetic highs representing an area of strain transfer between the two shear zones,
possibly as a strike-slip duplex (Broome, 1989, 1990).
The relationship between the aeromagnetic anomalies and
associated granulite-facies rocks on either side of the WSZ
remains uncertain (Wodicka et al., 2016). The differences
in metamorphic assemblages across the WSZ have been in-
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terpreted by Broome (1989, 1990) to reflect dip-slip juxtaposition of blocks that experienced different temperature
and pressure conditions (i.e., different depths of burial).
However, because there is no field evidence of vertical
movement in the shear zone (Broome, 1989), juxtaposition
may alternatively have been facilitated by strike-slip
motion.
Broome (1989) inferred that, because of the depth and lateral extent of the anomalies south of the Amer mylonite and
Wager shear zones, those structural features must have resulted from a significant deformational event. Henderson
and Broome (1990) further proposed that one such event
could be the terminal collision, between the Archean
Ungava (i.e., Superior) Plate and the plate to the north (i.e.,
composite western Churchill Province), that marks the ca.
1.83–1.82 Ga Sugluk suture, making the WSZ an indentlinked strike-slip fault. At the time, this event was roughly
temporally consistent with the age of the Base Camp granite (1808 ±2 Ma), an intrusion that is largely undeformed
except along its margin in contact with the WSZ (Figure 2;
Henderson and Roddick, 1990). The age of the Base Camp
granite was therefore interpreted as the maximum age of
shearing along the WSZ (Henderson and Roddick, 1990),
with a minimum age provided by undeformed Mackenzie
dykes dated at 1267 Ma (LeCheminant and Heaman, 1989).

Field observations
Fieldwork was based out of a temporary camp adjacent to
the Nanuq camp of Peregrine Diamonds Ltd. on the upper
Lorillard River (Figure 2). Helicopter-supported mapping,
conducted between June 24 and July 4, 2017, consisted of
daily traverses across the WSZ plus targeted helicopter
stops covering parts of NTS map areas 56F, G and H.
Lithological descriptions, including mineralogical and textural observations as well as structural measurements, were
recorded in hand-held computers; digital photographs were
taken; and rock samples were collected for geochronological, petrographic and microstructural analyses.

Wager shear zone
Fieldwork was focused across the central segment and the
adjacent western portion of the eastern segment of the WSZ
(Figure 2). South of the WSZ in these areas, rocks have a
weak to moderately developed foliation that commonly
strikes north-northeast or west-southwest with shallow to
moderate dips, generally less than 70°. At its southern margin, the transition into sheared rocks of the WSZ is
gradational over 2–3 km (Figure 2). The first manifestations of the shear zone are discrete zones of high strain,
ranging from decimetre to metre scale and marked by grainsize reduction, as well as a steeper and better defined, more
intense foliation than in adjacent rocks (Figure 4a). Localized intrafolial folding was also observed in the transition
zone to the south of the WSZ. Closer to the main structure,
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the foliation is near vertical and is consistently east or west
trending; subhorizontal lineations become better developed; and shear-sense indicators, predominantly in the
form of winged porphyroclasts and shear-band cleavages,
become more abundant and consistently dextral (Figure 4b-e). Close to and within the WSZ, isoclinal folds are
ubiquitous and the mylonitic foliation variably deflects
around diorite pods and pegmatitic dykes, some of which
are locally boudinaged (Figure 4e). These pegmatitic dykes
may be part of the Paleoproterozoic (ca. 1850–1810 Ma)
Hudson suite of monzonitic to granitic intrusions found
across a large portion of the western Churchill Province
(Peterson et al., 2002).

ported a new age of ca. 1.83 Ga for the pluton, argued that
the presence of deformed inclusions within the pluton indicates that the shear zone acted as a conduit for the intrusion
(Wodicka et al., 2016). As discussed previously, this would
imply that the WSZ must have a component of movement
that predates the ca. 1.83 Ga pluton (Wodicka et al., 2017).
In order to provide more direct constraints on the timing of
shearing within the WSZ, a series of samples was collected
from various locations along the structure for U-Pb zircon
geochronology. These samples include undeformed granitoid dykes in rocks that are unaffected by the WSZ, and
late- to postkinematic granitoid dykes that cut the mylonitic
shear fabric.

For the western portion of the eastern segment of the WSZ,
and across the central segment to approximately 115 km
west of the Wager Bay coastline (~91°30’W), the transition
out of the WSZ to the north is typically more abrupt, generally recorded over distances of 250 m or less. Rocks north
of the shear zone are characterized by localized, intense
folding (Figure 4f) and a foliation that generally strikes
west to west-southwest, with dips that vary from shallow to
steep within and between outcrops. Where present, shearsense indicators, typically in the form of shear bands (Figures 5a, b), record an earlier, commonly sinistral deformational event. These rocks are cut by abundant undeformed
pegmatite dykes.

Preliminary microstructural analysis

Farther to the west, exposure of the WSZ becomes sparse
due to heavy till cover; where rocks do crop out, evidence
of high strain and shearing is more difficult to identify and
characterize. In general, the foliation strikes are similar to
those farther east but the dips are shallower (average of 74°
as opposed to subvertical). Moreover, the subhorizontal
lineation is weakly developed and shear-sense indicators
are mostly absent. A preliminary strain-intensity map for
the WSZ, based on observations collected in the field during the summer of 2017, as well as between 2012 and 2016
as part of the GEM and GEM-2 programs, is presented in
Figure 2 and will be refined as further examination of the
data is conducted.

Timing
Previous observations that the 1808 ±2 Ma Base Camp
granite is deformed along its southern margin in the vicinity
of the WSZ (Henderson and Roddick, 1990) were confirmed during fieldwork. A new sample of undeformed Kfeldspar–porphyritic granite collected from the Base Camp
granite will undergo U-Pb zircon dating using laser-ablation spot dating, following the methodology of Cottle et al.
(2012, 2013), to verify the age reported by Henderson and
Roddick (1990).
Field observations indicate that the northern boundary of
the WSZ terminates outside the southern boundary of the
Wager pluton. Wodicka et al. (2017), however, who re-
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Thirty-seven oriented thin sections were cut from samples
collected throughout the WSZ study area (Figure 2); all
sections are oriented parallel to the lineation and normal to
the foliation. Monomineralic quartz ribbons were observed
in several hand samples and thin sections (Figure 6a, b),
and chessboard extinction identified in quartz indicates dynamic recrystallization at high temperatures (>600°C; Figure 6c; Kruhl, 1996; Law, 2014). Preliminary investigations of quartz c-axis fabrics (Passchier and Trouw, 2005;
Faleiros et al., 2016) from quartz ribbons in four samples
from high-strain portions of the WSZ revealed complex
asymmetric patterns that require further, more spatially refined investigation to elucidate their geological significance. Additional samples from the lower strained portions
of the WSZ will also be examined to determine if they
demonstrate similar patterns.
Shear-sense indicators were common at the outcrop scale but
are rarely encountered at the microscope scale. One of the
few mantled feldspar porphyroclasts observed in thin section is wrapped by recrystallized quartz and sits in a finegrained matrix of quartz, feldspar and biotite; it indicates
dextral shear sense (Figure 6d). Feldspar is the dominant
silicate phase in nearly all samples and can be analyzed
with electron-backscatter diffraction to measure the crystallographic orientation of deformed grains and to investigate the mechanisms, temperature range and differential
stress of deformation in the WSZ (Prior and Wheeler,
1999).

Economic considerations
Before the establishment of the Ukkusiksalik National Park
(Figure 1), Jefferson et al. (1991) evaluated the economic
potential of the area surrounding Wager Bay, north to
Naujaat, and east to Southampton Island. Along the WSZ,
two samples returned low levels of anomalous zinc, and
Jefferson et al. (1991) noted that dilatant zones related to
later brittle faulting east of the Paliak Islands (Figure 2)
have potential for vein-hosted uranium or gold. Recent
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Figure 4: Field photographs of structures in the vicinity of the Wager shear zone (WSZ; hammer for scale in photos a, d, e and f is 39 cm
long): a) discrete, steeply dipping, high-strain zones (left of hammer and white line) in contact with lower strain zones with a shallower dipping foliation, south of the WSZ (looking east); b) σ-type mantled porphyroclast, indicating dextral shear sense, in a moderate- to high-strain
portion of the WSZ; c) δ-type mantled porphyroclast with stair-stepping to the right, indicating dextral shear sense, in a moderate-strain portion of the WSZ; d) C-type shear band in outcrop, indicating dextral shear sense, in a moderate- to high-strain portion of the WSZ; e) C’-type
shear band visible in a pegmatite dyke, indicating dextral shear sense, in a high-strain portion of the WSZ; later crosscutting dyke in top right
corner (outlined by dashed white lines); f) abundant folding in outcrop, north of the WSZ.
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Figure 5: Field photographs of structures in the vicinity of the WSZ: a) C-S fabrics in outcrop, indicating sinistral shear sense, north of the
WSZ (hammer for scale is 39 cm long); b) C’-type shear band in outcrop, indicating sinistral shear sense, north of the WSZ (notebook is
21 cm long).

Figure 6: Photomicrographs showing some of the microstructures observed in rocks from the WSZ (all thin sections are oriented parallel to
the lineation and normal to the foliation; the black arrow and associated number in the top right corner of each image indicate the foliation
strike): a) quartz ribbons in granodiorite, indicated by red arrows, in plane-polarized light, from a localized high-strain portion of an otherwise low-strain outcrop; b) same as (a), in cross-polarized light; c) high-temperature fabric chessboard extinction in large, central, dark
quartz grain from a quartz-rich layer of a granodiorite, in cross-polarized light; grain-boundary migration recrystallization is indicated by irregular grain boundaries; note that the thin section is rotated 40° to best display the extinction pattern; d) σ-type mantled feldspar
porphyroclast indicating dextral shear sense, in cross-polarized light, from an outcrop located in a weak- to moderate-strain portion of the
WSZ.
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mapping in the Wager Bay area (Steenkamp et al., 2016;
Wodicka et al., 2016) has led to the identification of several
gossanous zones associated with metasedimentary rocks
that are entrained in the WSZ. While geochemical assays of
these rocks have not yet been published, anomalous Au,
Cu, Bi and Ag were identified in till and stream-sediment
samples (Day et al., 2013; McMartin et al., 2013) collected
within or close to a supracrustal belt with a lithostratigraphic
assemblage similar to many of the metasedimentary rocks
in the WSZ.

Natural Resources Canada, Lands and Minerals Sector
contribution 20170261

Conclusions

Berman, R.G., Sanborn-Barrie, M., Rayner, N., Carson, C.,
Sandeman, H.A. and Skulski, T. 2010: Petrological and in
situ SHRIMP geochronological constraints on the tectonometamorphic evolution of the Committee Bay belt, Rae
Province, Nunavut; Precambrian Research, v. 181, p. 1–20.

The Wager shear zone extends over approximately 450 km
from Southampton Island through Wager Bay, and continues westward toward the Amer mylonite zone. The WBZ is
characterized by steeply to subvertically dipping foliation
fabrics in moderately deformed to mylonitic rocks with
subhorizontal mineral-stretching lineations. Shear-sense
indicators are dominantly dextral and consist mainly of
winged porphyroclasts and shear-band cleavages visible at
the outcrop scale. At the microscopic scale, shear-sense indicators are rare, but many sections contain quartz ribbons
with evidence of high-temperature dynamic recrystallization.
Field observations and samples collected during the 2017
field season, combined with petrology and microstructural
and geochronological analyses to be acquired over the next
year, will facilitate answers to important outstanding questions related to the timing, duration, and kinematics of
events recorded by the WSZ. The results from this work
will be integrated with structural and geochronological
data from neighbouring areas to better understand the
Archean and Paleoproterozoic structural history of the
northwestern Hudson Bay region.
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Abstract
The work presented here is a subactivity of the GEM-2 Integrated Geoscience of the Northwest Passage: Boothia Peninsula–Somerset Island Activity. The aim of the subproject is to evaluate the Ordovician stratigraphy on Boothia Peninsula.
Fieldwork on the Ordovician stratigraphy of Boothia Peninsula was carried out by the Canada-Nunavut Geoscience Office
(CNGO) between July 17 and 30, 2017. It focused on sampling carbonate rocks within the Ordovician sequence at two sections on the peninsula. This work will provide essential data for more detailed stratigraphic division, evaluating the ages of
different stratigraphic units and making stratigraphic correlations with other Arctic islands.

Résumé
La présente étude s’inscrit dans le cadre des Travaux géoscientifiques intégrés sur le passage du Nord-Ouest : activité relative à la région de la presqu’île de Boothia et de l’île Somerset qui fait partie du programme GEM-2. Ce sous-projet a pour
objet d’examiner la stratigraphie ordovicienne de la presqu’île de Boothia. Les travaux sur le terrain visant à accomplir cette
tâche ont eu lieu du 17 au 30 juillet 2017 et ont été entrepris par le Bureau géoscientifique Canada-Nunavut. Ils ont surtout
porté sur la cueillette d’échantillons de roches carbonatées provenant de deux sections de la séquence ordovicienne de la
presqu’île. Ces travaux fourniront des données essentielles à l’aide desquelles il sera possible de poursuivre l’examen
détaillé de la stratigraphie de l’endroit, de déterminer l’âge des différentes unités stratigraphiques et d’établir des corrélations stratigraphiques avec d’autres îles de l’Arctique.

Introduction
Boothia Peninsula (formerly Boothia Felix), a large peninsula extending from Nunavut’s northern mainland into the
Canadian Arctic, is about 32 300 km2 in area and located at
the northernmost tip of mainland North America. It is separated from Somerset Island by Bellot Strait. Geologically,
the peninsula is formed on a central spine of Precambrian
rock, flanked by Paleozoic carbonate and sandstone lowlands (Figure 1a). Its important tectonic and geographic location makes it key for understanding the Paleozoic stratigraphy on the Boothia Uplift.

Almost no geological information about Paleozoic rocks
from the Boothia region existed until the Geological Survey of Canada began systematic studies in the Arctic Islands in 1947. Fortier (1948) provided a general description of the geological structure and the physiography of the
region. Fraser (1958) described the distribution of the crystalline Precambrian basement and the overlying Paleozoic
rocks on Boothia Isthmus in some detail. A brief stratigraphic and structural report, partially including Boothia Peninsula, was published as a result of Operation Prince of Wales
in 1962 (Blackadar and Christie, 1963). In the course of this
operation, Christie (1963) paid the first attention to the stra-

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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tigraphy of the Paleozoic rocks on Boothia Peninsula. The
important contribution in the early studies on Paleozoic rocks
in the Boothia region was that Ordovician and Silurian fossils were collected from outliers on the Boothia Precam-

brian belt and it was noted that these beds apparently predate the Boothia Uplift; a latest Silurian or Early Devonian
date for the start of tectonism in the Boothia region was established by Thorsteinsson and Tozer (1963).

Figure 1: a) Simplified geological map of Boothia Peninsula and vicinity (modified from Wheeler et al., 1997), showing the locations of Paleozoic sections (red dots) measured and sampled during this study; b) and c) Lord Lindsay River and Pasley Bay sections, respectively, on
a Google MapsTM base (Google, 2013). Abbreviations: PB, Pasley Bay; LLR, Lord Lindsay River.
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Christie (1973) carried out more detailed studies on the Paleozoic rocks on Boothia Peninsula, during which three
stratigraphic units were established, the Boothia Felix
(Middle Cambrian), Netsilik (Lower Ordovician) and
Franklin Strait (Ordovician and Silurian) formations. All of
these formation names were subsequently abandoned and
replaced by the well-established stratigraphic units of the
Arctic Islands, the Ship Point, Bay Fiord, Thumb Mountain, Irene Bay and Allen Bay formations, by Miall and
Kerr (1980; Figure 2). It is worth noting that there was insufficient fossil evidence to support whether abandoning
Christie’s (1973) stratigraphic nomenclatures and adopting
the existing stratigraphic terms was reasonable. More importantly, with the increased interest in hydrocarbon and
mineral exploration in the Canadian Arctic, it is clear that
new data are needed to gain a better understanding the Paleozoic stratigraphic distribution and correlation in the
Arctic region. In order to meet this objective, the Paleozoic
stratigraphy on Boothia Peninsula was designed as one
component of the GEM-2 Integrated Geoscience of the

Northwest Passage: Boothia Peninsula-Somerset Island
Activity, led by M. Sanborn-Barrie of the Geological Survey of Canada (GSC), Ottawa; the other two components
are Precambrian bedrock mapping and surficial geology.
This paper summarizes the fieldwork for the Paleozoic stratigraphy component conducted during the field season of
2017.

Paleozoic stratigraphic units on Boothia
Peninsula
Boothia Felix Formation
The Boothia Felix Formation was established by Christie
(1973) for an ~110 m thick unit of sandy dolostone and
sandstone with thin beds of intraformational conglomerate.
This formation was assigned to the Early and Middle Cambrian, based on trilobites, with an Upper Cambrian disconformity between it and the overlying Netsilik Formation
(Christie, 1973). This formation name was abandoned by
Miall and Kerr (1980) based on 1) the basal contact of the

Figure 2: Previous Paleozoic stratigraphic correlation on Boothia Peninsula. The Ordovician
and Silurian stages in the Geological Time Scale (GTS 2012) are adopted from Cooper and
Sadler (2012) and Melchin et al. (2012), respectively. In the right-hand column, 1, 2 and 3 represent the Bay Fiord, Thumb Mountain and Irene Bay formations, respectively. The area
shaded with grey represents the stratigraphic interval investigated during this study. Abbreviations: E, Early; Fm, Formation; Gr, Group; L, Late; M, Middle.
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Boothia Felix Formation not being observed and the complete section of the formation having nowhere been seen in
stratigraphic contact; 2) no positive evidence of an Upper
Cambrian disconformity on Boothia Peninsula; and 3) the
lithology of the Boothia Felix Formation being similar to
parts of the Gallery and Turner Cliff formations of the Arctic Islands. The Boothia Felix Formation is beyond the
scope of this study.

Netsilik Formation
The Netsilik Formation was created by Christie (1973) by
using Lord Lindsay River (Figure 1a, b) as the type section
for an ~150 m thick, thin-bedded, dark to greenish-grey
weathering sandstone and sandy and shaly dolostone (Figure 3a, b). The grey sandstone with dolostone matrix is
dominant in the lower parts of the type section (Figure 3b),
and the greenish-grey weathering sandy and shaly dolostone is prominent in the upper parts of the type section
(Figure 3a). Based on graptolite and trilobite fossils, this
formation was designated an age of Early Ordovician
(Christie, 1973). However, the Netsilik Formation was
abandoned by Miall and Kerr (1980) because 1) the complete sections of the formation have nowhere been seen in
stratigraphic contact, and the relationship between the
Netsilik and underlying Boothia Felix formations is problematic; and 2) the Early Ordovician fossils of the Netsilik
Formation were collected only from the upper part of the
formation, so it is confined to the lower part of the Lower
Ordovician and overlaps the age range of the Turner Cliff
Formation (Miall and Kerr, 1980; Figure 2).

Franklin Strait Formation
Blackadar and Christie (1963) named “map-unit 9” for a
succession of “light weathering, relatively competent
dolostone, dolomitic sandstone, and minor sandstone containing Ordovician and probably Silurian fossils” occurring throughout Somerset and Prince of Wales islands and
Boothia Peninsula. This unit was formally named the
Franklin Strait Formation by Christie (1973), taking the
Pasley Bay section (Figure 1a, c) as the type section. This
formation is a sequence of dolostone and calcareous dolostone (Figure 3c–e) with a thickness about 670 m (?). Based
on the fossil gastropods, corals and algae from the formation, its age was assigned to late Middle Ordovician to middle Silurian (Christie, 1973). This formation was also abandoned by Miall and Kerr (1980) because 1) the Allen Bay
Formation and Cornwallis Group are two well-established
stratigraphic units throughout the Arctic Islands; and on
Somerset Island and throughout much of northeastern
Boothia Peninsula, “map-unit 9” of Blackadar and Christie
(1963) has been reassigned to these two units; and 2) the
Cornwallis Group is absent from the Pasley Bay section on
western Boothia Peninsula and the ‘Lost River’ section on
northeastern Boothia Peninsula (not visited by the author).
Thus, the Franklin Strait Formation was replaced by the
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Ship Point, Bay Fiord, Thumb Mountain, Irene Bay and
Allen Bay formations of the Arctic Islands, with ages ranging from late Early Ordovician to middle Silurian and
dissected by a couple of interpreted disconformities
(Figure 2; Miall and Kerr, 1980).

Fieldwork on Boothia Peninsula
Fieldwork on Paleozoic stratigraphy focused on two sections that are the type sections of the Netsilik and Franklin
Strait formations (Christie 1973); it was carried out in four
and half days between July 17 and 30, 2017, owing to
weather issues and the unavailability of a helicopter. The
aim of the fieldwork was to collect new stratigraphic and
paleontologic data to answer the following scientific
questions:
1) What is the total thickness of the Netsilik and Franklin
Strait formations exposed on Boothia Peninsula?
2) What are the ages of the Netsilik and Franklin Strait formations?
3) Are there any unconformities within the Franklin Strait
Formation?
4) Which stratigraphic units of the Arctic Islands can be
compared to the Netsilik and Franklin Strait formations
on Boothia Peninsula, and is it reasonable to abandon
the Netsilik and Franklin Strait formations?

Lord Lindsay River section
The Lord Lindsay River section (Figure 1b) is a type section of the Netsilik Formation (Christie, 1973). The rocks
are distributed discontinuously along the river and are
nearly horizontal but with an overall slightly northwestward dip, so that successively higher stratigraphic levels
are encountered following the river upstream from point A
(lat. 70°02’20.7"N, long. 93°22’52.3"W) to point B (lat.
70°06’56.3"N, long. 93°31’44.5"W) in Figure 1b. However, the rocks are exposed mainly in vertical river cliffs on
the concave bank of the meandering river, which makes
sampling difficult.
In order to search for outcrops with workable sections for
sampling, the field survey was carried out on foot and, for
three days, with helicopter support for drop-off and pickup. It is about 23 km along the meandering river from
point A to point B, within which distance forty-six 3 kg carbonate samples were collected for conodont microfossils.
Most samples were collected from the middle and upper
parts of the section that is dominated by medium- to thinlayered dolostone (Figure 3a); only a few were collected
from the lower part of the section that consists mainly of
sandstone with sparse dolostone interbeds (Figure 3b).
These samples have been shipped to the conodont lab at
GSC Vancouver for processing. The conodonts from these
samples will be critical in testing the age of the Netsilik Formation and resolving whether the Netsilik Formation, or
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part of Netsilik Formation, should be replaced in nomenclature by the Turner Cliff and Ship Point formations
(Figure 2).

Pasley Bay section
The Pasley Bay section is the type section of the Franklin
Strait Formation, located on a flat hill near Pasley Bay on

western Boothia Peninsula (Figure 1c). This hill is largely
covered by frost-shattered carbonate rubble (Figure 3c),
but some outcrops of Franklin Strait Formation are exposed
in a shallow, dried-out ditch between points A and B in Figure 1c. The orientation of the rocks in the ditch is almost
vertical, or slightly overturned with a north-northwest
strike (Figure 3d). They are interpreted as having been upended during Silurian–Devonian tectonism and formation

Figure 3: Typical lithology of the Netsilik and Franklin Strait formations on Boothia Peninsula: a) greenish-grey weathering sandy and shaly
dolostone in the upper Netsilik Formation, upper reach of Lord Lindsay River; b) grey sandstone (normally covered by orange- or black-coloured lichen) with dolostone matrix in the lower Netsilik Formation, lower reach of Lord Lindsay River; c) frost-shattered carbonate rubble of
the Franklin Strait Formation, hill near Pasley Bay; d) vertical or reversed occurrence of Franklin Strait Formation, shallow ditch on the hill
near Pasley Bay; e) Franklin Strait Formation, distributed along a major fault bordering the Precambrian rocks (dark brown colour in the distance); f) fossil gastropod Maclurites sp., eastern side of section A–B in Figure 1c.
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of the Boothia Uplift along a major fault bordering the Precambrian rocks (dark brown colour on the right in Figure 1c
and in the distance in Figure 3e) to the east (Christie, 1973).
The section (Figure 1c) was measured perpendicularly to
the strike, from point A (lat. 70°36’24.0"N, long.
95°31’25.5"W) to point B (lat. 70°36’32.2"N, long.
95°30’54.8"W), spanning a thickness of about 400 m of
Franklin Strait Formation strata. Within the limited working hours (~10 hours total), forty-eight 3 kg dolostone and
calcareous dolostone samples were collected for conodont
microfossil analysis. Most of the samples were collected
from outcrops, with a few representing frost-shattered
rubble.
These samples have been shipped to the conodont lab at
GSC Calgary for processing; the conodonts from these
samples will help provide information about the age of the
Franklin Strait Formation. A fossil gastropod, Maclurites
sp. (Figure 3f), was found on the west side of section A–B;
this fossil belongs to the Arctic Ordovician fauna reported
from the Thumb Mountain and Irene Bay formations on
Ellesmere Island (Kerr, 1967). Other species typical of the
Arctic Ordovician fauna were also found in the Thumb
Mountain and Irene Bay formations on Somerset Island
(Miall and Kerr, 1980). The conodonts from the Pasley Bay
section will help determine whether the Franklin Strait Formation can be divided into the Ship Point, Bay Fiord,
Thumb Mountain and Irene Bay formations of the Arctic
Islands, as suggested by Miall and Kerr (1980; Figure 2);
and, if so, where the boundaries among these units are and
whether any disconformities occur among the units.

Future work
As mentioned earlier, all samples collected from the Netsilik and Franklin Strait formations of Christie (1973) at the
Lord Lindsay River and Pasley Bay sections have been sent
to the conodont labs at GSC Vancouver and GSC Calgary
for extraction of conodonts by acid dissolution. Future
work focuses on identification of conodont species among
the numerous specimens, recognition of different conodont
faunas and division of the strata into conodont zones, which
should resolve the scientific questions posed earlier in this
paper.

Economic considerations
Stratigraphically, this study will fill a biostratigraphic gap
in the Paleozoic strata on Boothia Peninsula. The project
will provide essential data for evaluating the age of the
Netsilik and Franklin Strait formations of Christie (1973),
testing the stratigraphic division by Miall and Kerr (1980)
and making reasonable stratigraphic correlations with
other Arctic islands. Tectonically, the preserved Paleozoic
rocks in the Lord Lindsay River area on southern Boothia
Peninsula are the remnants of the entire Paleozoic sequence
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and are almost undisturbed by the faults and folds that
formed during the Silurian–Early Devonian Boothia Uplift. The conodonts from this area will reveal the age of the
youngest strata in this area, which will provide direct evidence for how much of the Paleozoic strata was eroded off
the Boothia Peninsula following the late Silurian–Early
Devonian Boothia Uplift.
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Abstract
The Integrated Geoscience of the Northwest Passage: Boothia Peninsula–Somerset Island Activity of the Geo-mapping for
Energy and Minerals program, Phase 2 (2013–2020), is a collaborative project between the Canada-Nunavut Geoscience
Office and the Geological Survey of Canada. In summer 2017, fieldwork was conducted on Boothia Peninsula, north of the
hamlet of Taloyoak, Nunavut. The results of the surficial geology study will assist the search for and future development of
natural resources, and provide input for infrastructure and environmental studies. Samples of till were collected and analytical results are expected in early 2018. Field observations of surficial sediments and geomorphological processes were also
documented. Glaciodynamic settings were mapped as cold-based, intermediate cold-based and warm-based zones from
field observations and remote sensing image interpretation. The ice-flow history from the last glaciation is divided into
three broad phases, from the last glacial maximum to the occurrence of an ice stream on both sides of the peninsula.

Résumé
La phase 2 de l’activité relative à la région de la presqu’île de Boothia et de l’île Somerset entreprise dans le cadre des
travaux géoscientifiques intégrés sur le passage du Nord-Ouest est dirigée à par le Bureau géoscientifique Canada-Nunavut
et la Commission géologique du Canada. Au cours de l’été 2017, des travaux sur le terrain ont eu lieu dans la presqu’île de
Boothia, au nord du hameau de Taloyoak, au Nunavut. Les données recueillies relatives à la géologie de surface seront utiles
aux activités de recherche et de mise en valeur éventuelle de ressources naturelles, tout en fournissant des renseignements
pouvant servir aux études portant sur l’infrastructure et l’environnement. Les résultats de l’analyse des échantillons de till
recueillis sont attendus dès le début de 2018. Des observations faites sur le terrain relatives aux sédiments superficiels et aux
processus géomorphologiques ont également été notées. Les contextes glaciodynamiques de la région sont représentés sur
les cartes à titre de zones à base froide, à base froide intermédiaire, ou à base tempérée, cette subdivision ayant été établie à
partir d’observations sur le terrain et au moyen de la téléanalyse. L’historique de l’écoulement glaciaire au cours de la plus
récente glaciation se divise en trois grandes phases, à partir du plus récent maximum glaciaire jusqu’à la manifestation de
coulées de glace de chaque côté de la presqu’île.

Introduction
The Integrated Geoscience of the Northwest Passage: Boothia Peninsula–Somerset Island Activity (Sanborn-Barrie,
2016a), led by M. Sanborn-Barrie (Geological Survey of
Canada [GSC]), is a collaborative project between the Canada-Nunavut Geoscience Office (through financial support
from the Canadian Northern Economic Development

Agency’s Strategic Investments in Northern Economic Development program) and the GSC (Geo-mapping for
Energy and Minerals program, Phase 2 [2013–2020]). The
Canada-Nunavut Geoscience Office (CNGO) has a mandate to gather geological information to promote sustainable development of mineral resources for Nunavut and increase awareness of the importance of earth sciences for

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Nunavummuit. This mandate includes gathering baseline
information about the geochemistry and mineralogy of
surficial sediments. Such baseline data will potentially help
to lower the financial risks of finding new mineral prospects and help local decision makers make better decisions
about development. In summer 2017, fieldwork was
conducted on Boothia Peninsula (Figure 1), north of the
hamlet of Taloyoak, Nunavut.

There are three key components of this activity:
• Surficial geology (this study): this study includes drift

(surficial and till) prospecting for locating indicator
minerals (gold, base metals, kimberlites) and the documentation of ice-flow indicators. Landsat, RapidEyeTM,
SPOT and WorldView-2TM satellite imagery and a digi-

Figure 1: Location map and bedrock geology of study area, Boothia Peninsula, central Nunavut (geology from de Kemp et
al., 2006).
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tal elevation model (DEM) will be used in the mapping
process.
• Bedrock geology (GSC): following an aeromagnetic
survey flown in 2016, bedrock mapping and geochronology studies were undertaken in 2017 in order to characterize Precambrian and Paleozoic units (SanbornBarrie, 2016a, b; Zhang, 2017), affinity of crust, structural style and economic potential (mineralization). The
area is an underexplored frontier region where knowledge stems from 1963 and 1986 mapping (Blackadar,
1967; Frisch, 2011), without benefit of aeromagnetic
constraints or modern U-Pb geochronology.
• Community engagement: in 2016, the Taloyoak Geoscience Field School was conducted to promote interest
in geoscience. This field school provided northerners an
opportunity to gain a practical overview of the methods
used to gather geological data, and learn about how geoscience data are used for planning and decision-making
(Sanborn-Barrie, 2016b). Rocks and maps from across
Nunavut were used in the field school, which engaged
some 160 Taloyoak community members of all ages.
The scientific perspective complemented the existing
local and traditional knowledge (LTK) of landmarks,
natural materials, topography and travelling routes, in a
way that illustrated how both perspectives can coexist in
a practical way. In 2017, numerous members of the
Taloyoak community were hired to work at the field
camp, as assistant cooks, assistant geologists, bear monitors and assistant camp managers.
The surficial geology component of this work consists of
the collection and analyses of surficial (till) samples, including heavy mineral samples, for geochemical data and
will provide baseline information on the potential for base
metal, gold, gemstone and other commodities in this large,
underexplored area. This sampling program is following
the same methodology used as part of other surficial mapping programs on Melville Peninsula and southern Baffin
Island (Tremblay et al., 2015b, 2016a, b). Field observations of surficial sediments and geomorphological processes were documented. This data was combined with remote sensing image interpretation and earlier mapping
studies to construct an ice-flow history of the study area.

Regional setting
The closest community to the study area is Taloyoak, located on the Boothia Isthmus (Figure 1). The Boothia Peninsula is bounded by Somerset Island in the north, Gulf of
Boothia in the east, Boothia Isthmus to the south and various bodies of water in the west. Three small inlets/bays are
present on the west coast (Wrottesley Inlet, Spence Bay,
Pasley Bay) and two on the east (Thom Bay, Lord Mayor
Bay). The field camp in 2017 was located near Saganak
Lake (Figure 1). The central Boothia plateau is at an elevation of 400–500 metres above sea level (m asl; Figure 2),
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with a maximum elevation of 565 m asl. The lower plains
on the southern, southwestern and northeastern part of the
peninsula are generally <100 m asl (see Dyke, 1984, for a
detailed description of the local physiography). The vegetation is characteristic of mid-arctic, transitional with low
arctic on the plateau, with an abundance of moss, grass,
carex, dryas and other tundra plants, and relatively rare low
shrubs. The climate data from 1981–2010 for two closeby
communities, Taloyoak and Resolute, show daily average
temperatures of –14 and –16°C, average daily temperatures
of 8.4 and 4.5°C in July, and average total water-equivalent
precipitation of 187 and 167 mm/yr., respectively (Environment Canada, 2017). In some places around the peninsula, sea-ice cover disappears late in the summer (August),
and some multiyear sea-ice patches persist through the
summer.
Bedrock geology
The region is underlain by Precambrian Rae Domain rocks
of Archean to Paleoproterozoic age (de Kemp et al., 2006;
Frisch, 2011; Sanborn et al., 2017). Granite, granitic
gneiss, metavolcanic and metasedimentary rocks are found
in the basement rocks (Figure 1). Located on the southwestern and northeastern sides of Boothia Peninsula, Paleozoic
carbonate rocks are mostly grey to yellowish dolomite and
limestone, containing some rounded quartz sand grains
(mainly in a carbonate matrix) and centimetre- to decimetre-scale nodules of white chert (particularly near Netsilik Lake, south of the study area) and quartzitic sandstone
at the base. The age of the sequence is Cambrian to Ordovician and is currently under micropaleontological chronological analysis (Zhang, 2017).
Recent diamond exploration activities have been undertaken approximately 20 km east of Saganak Lake, 70 km
north of Taloyoak, on a mineral exploration property currently owned by Arctic Star Exploration Corp. (Stein diamond project; Indigenous and Northern Affairs Canada et
al., 2015; Arctic Star Exploration Corp., 2017). The presence of kimberlite-indicator minerals in heavy mineral till
samples has been reported for five spatially separate areas
in central Boothia Peninsula (Indigenous and Northern Affairs Canada et al., 2015). Mafic-ultramafic and occasionally altered rocks containing sulphides and showing anomalous concentration in copper, nickel, cobalt, gold and
silver were also prospected in the area north of Thom Bay
(Alookee, 2002; Alookee and Smith, 2005).

Previous work
Surficial geology
Surficial geology studies, including surficial mapping,
geomorphology and sedimentology, were published by
several authors, based on substantial fieldwork conducted
mostly between 1974 and 1982 (Boydell, 1974; Boydell et
al., 1975a, b, 1976, 1984; Tarnocai and Boydell, 1975;
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Figure 2: Maximum marine limit (130–156 m asl in the west, and 215 m asl in the east, from Dyke, 1984) and
glaciolacustrine limits, Boothia Peninsula. Digital elevation model (DEM) from the 0.5 m resolution satellite image stereographic ArcticDEM dataset (DEM created by the Polar Geospatial Center from DigitalGlobe imagery; Polar Geospatial
Center, 2017), completed with 10–30 m resolution CanVec DEM (Natural Resources Canada, 2012). White boxes show
locations of imagery in Figure 5. Elevation of glaciolacustrine levels and channels estimated from CanVec DEM.

Tarnocai and Netterville, 1976; Dyke, 1979, 1980, 1984,
1993; Dyke and Matthews, 1987; Dyke and Morris, 1988).
A map at the scale of 1:500 000 and a complete report on
Quaternary geology was published for Boothia Peninsula
(Boydell et al., 1984; Dyke, 1984). A digitized version of
the map will be republished by GSC in the near future.
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Further fieldwork-based studies, focusing on ice flow, drift
mineralogy and glacial transport, were conducted in the
2000s in the Arrowsmith River area (southeast of the study
area) and the Boothia Isthmus (Ozyer and Hicock, 2005,
2006; Tremblay, 2005; Tremblay et al., 2007, 2009). On the
basis of satellite image interpretation, macroforms, general
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glaciodynamic settings (some cold-based areas) and ice
streams were mapped in the northwestern Canadian Shield
(De Angelis and Kleman, 2005; De Angelis, 2007a, b;
Margold et al., 2015). Regional-scale studies of ice flow in
the greater Boothia Peninsula region show clear relationships between northeast-directed ice flow in the Boothia
Isthmus area and ice stream activity in the Gulf of Boothia
(Dyke, 1984; Dyke and Dredge, 1989).
Glacial transport

Long distances of glacial transport are indicated from studies on carbonate pebbles and carbonate in till matrix from
the study area (Dyke, 1984; Tremblay et al., 2009). Large
dispersal trains, approximately 200 km wide, of carbonate
till were glacially transported from the carbonate outcrops
of the Boothia Peninsula by east- or northeast-flowing ice.
On southern Boothia Peninsula, the concentration of 5–
15 cm sized carbonate pebbles decreases from 75% (40 km
from the Precambrian–carbonate rock boundary) to 25%
(100 km from the contact) in the direction of ice flow
(northeast), indicating relatively low rates of dilution
(Tremblay et al., 2009). Within the trains is a thin, nontopographically constrained ribbon of thicker, more carbonaterich till, coined a midstream plume by Dyke (1984). On
Boothia Peninsula, a strong contrast in till geochemistry
and pebble composition is observed between the shield till
in the central area (mostly the elevated terrain located east
of Pasley Bay) and the carbonate till terrain to the south and
north of the central area (Dyke, 1984). The shield till samples from the central area have 0–10% carbonate content in
the <2 mm fraction, 0% carbonate pebble content in the 2–
5.6 mm fraction, >60% sand content in till matrix, and
<20% silt content in till matrix. The carbonate till samples
have 50–100% carbonate content in the <2 mm fraction,
70–100% carbonate pebble content in the 2–5.6 mm fraction, 0–50% sand content in till matrix, and >40–50% silt
content in till matrix. This information, and associated liquidity limit and plasticity index of the samples, can be
found in Dyke (1984) and are relevant to geotechnical considerations related to infrastructure projects. In the <2 µm
fraction of the central area till samples, geochemical anomalies of >150 ppm for Ni, >150 ppm for Cu, >250 ppm for
Zn and >12 ppm for U were recorded (Shilts and Klassen,
1976; Dyke, 1980, 1984). The carbonate till samples have
geochemical average concentrations of <50 ppm for each
of Cu, Ni and Zn (Dyke, 1984). It is currently uncertain
whether this strong contrast in base metal geochemistry is
solely the reflection of the mixing of regular nonanomalous
shield till with carbonate till as suggested by Dyke (1984),
or an indication of elevated levels of base metals in the underlying bedrock, as mafic rocks are present in the central
part of the study area (Figure 1, metavolcanic rocks; Frisch,
2011).
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Chronology of ice retreat, and marine and
glaciolacustrine levels
Deglaciation occurred relatively early in the study area and
maximum marine limits are among the highest in the region
(from 215 m asl in the east to 130 m asl in the west), the result of rapid deglaciation with intense iceberg calving in the
Lancaster Sound–Gulf of Boothia corridor (Dyke, 1984;
Dyke et al., 2003). An age of deglaciation was estimated using a reservoir effect correction (DR) value of 230 years,
excluding the 410 years correction for Hiatella arctica and
Mya truncata in regional arctic waters (McNeely et al.,
2006), and applied to the maximum marine dates from
Dyke (1984). The age is estimated at 9.00 ±0.13 14C ka in
the northeastern part of study area, 8.56 ±0.10 14C ka in the
eastern part and 8.50 ±0.23 14C ka in the southeastern part.
Therefore, in close accordance with Dyke et al. (2003)
chronology, deglaciation took place between 9 and
8.5 14C ka, equivalent to 10.2 and 9.5 cal. ka. The position
of ice retreat is marked with numerous moraines, esker and
sediments (glaciofluvial, glaciolacustrine and glaciomarine deltas; Dyke, 1984). Additional geochronological
studies detailing chronologies at lower marine levels,
which were consistent with a deglaciation between 9 and
8.5 14C ka, were published later (Dyke et al., 2011).

Results and discussion
In July 2017, helicopter-supported fieldwork was conducted during nine days on Boothia Peninsula from a camp
located near Sanagak Lake, 70 km north of Taloyoak. Numerous geomorphological observations were made from
the ground and from the air, striations were measured at 19
sites, and till samples were taken at 15 sites (2 and 10 kg
samples for geochemical, sedimentological and heavy minerals analyses). Analysis results from till samples will be
published in CNGO’s Summary of Activities 2018.

Glacial geomorphology
Glacial geomorphology was compiled mainly from an earlier surficial geology map (Dyke, 1984), originally mapped
using aerial photographs, sedimentology, field observations and petrographic analysis. Recent regional satellite
image analyses and interpretations (De Angelis, 2007a, b)
assisted in mapping various geomorphological features.
The geomorphological features for the study area are mapped (generally representing features to their actual scales)
in Figure 3, and numerous photos of geomorphological features are presented in Figure 4. A number of features depicted in Figure 3 were added from recent field observations and satellite image interpretations conducted
following the 2017 field season.
The geomorphological features that were mapped are indicative of ice-flow directions (macroforms), the pattern
and trajectories of ice retreat (esker) or the standstill of ice
fronts at certain positions (ice-marginal moraines [Fig-
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Figure 3: Detailed geomorphological features (modified from Dyke, 1984) and glaciodynamic zones, Boothia Peninsula, Nunavut.
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Figure 4: Photographs of geomorphological features in study area, Boothia Peninsula: a) glacially eroded granitic bedrock in warmbased zone terrain; b) megaflutings in warm-based zone terrain, and iceberg scour marks; c) moraines in warm-based zone terrain;
d) deeply eroded glaciofluvial channels dissected on intermediate cold-based zone plateau; e) carbonate till (right) and local granitic till in intermediate cold-based terrain adjacent to warm-based zone plateau; f) glaciolacustrine nearshore deposit (left) and
beach deposit (right), on cold-based zone terrain; g) felsenmeer and weathered regolith on cold-based zone terrain.
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ure 4c], De Geer moraines and ice-contact faces). De Geer
moraines are usually located near the coast, at low elevations. Among the macroforms, the ice-sculpted bedrock
forms (Figure 4a), the product of erosive forces of glaciers
on bedrock, are present as elongated and streamlined features. Macroforms primarily composed of till, such as
drumlins and megaflutings (Figure 4b), and those composed of till and bedrock, such as crag-and-tail features,
were also mapped. Some macroforms (mostly megaflutings or drumlins) were mapped on the sea floor, based on
the interpretation of high-definition multibeam data, collected from the Canadian Coast Guard Ship Amundsen during multiple expeditions (Ocean Mapping Group, 2013).
The glacial lineation symbols on Figure 3 indicate linear,
sometimes streamlined landforms observed from satellite
images, thought to be of subglacial origin, sometimes
>10 km in length. On the ground, these landforms commonly appear as zones of slightly thicker or finer grained
patches of till, relative to surrounding boulder fields, till or
thin till areas. These linear forms are not necessarily drumlins, in the sense that they are not always elevated relative to
their surroundings; they are mostly two-dimensional (2-D)
landforms (including carbonate till plumes and noncarbonate till plumes), as opposed to three-dimensional (3D) landforms such as drumlins. The comparison of satellite
images (SPOT 6) and the ArcticDEM can help to distinguish between which macroforms are 2-D and those that
have a topographic importance (3-D; see Figure 5). The
glacial lineations were subdivided into those formed in
mostly carbonate till (Figure 4e), and those formed in
mostly noncarbonate till (pure shield till).
Ice-marginal and proglacial glaciofluvial sediments were
mapped from Dyke (1984). Eskers were also mapped, and
are landforms that typically occur as elongated, sinuous
ridges of sand and gravel. The orientation of these landforms was mapped from Dyke (1984), and sometimes the
orientation does not conform to the last important ice flow,
indicating some sluggish, cold-based ice was present at the
margin of the fast-retreating ice front. The ice-marginal
moraines contain sediments ranging from ice-pushed diamicton (in the form of small ridges) to glaciofluvial sediments (Figure 4c).

Glaciodynamic zones
Glaciodynamic zone mapping aims to interpret the amount
of glacial activity (erosion and transport) that took place
during the Quaternary period (Figure 3). The mapping system used is similar to that used for several past CNGO projects (Tremblay et al., 2011, 2013, 2014, 2015a; Tremblay
and Paulen, 2012; Johnson et al., 2013; Tremblay and
Leblanc-Dumas, 2013, 2015). This methodology was developed after initial work by the author on Melville Peninsula, and includes concepts from the central Canadian Arctic (Dyke, 1993), Melville Peninsula (Dredge, 2000) and
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Baffin Island (Sugden and Watts, 1977; Sugden, 1978;
Dyke et al., 1982). The mapping is based primarily on observations made during fieldwork and interpretation of
airphotos, DEMs and satellite images. Cosmogenic samples (Ross et al., 2015) and mineralogical data (LeblancDumas et al., 2015) from Hall Peninsula emphasize the distinction between the till from glacially eroded terrain, and
the regolith and till mixed with regolith from less glacially
eroded terrain (Tremblay et al., 2015a), which can assist in
mapping the glaciodynamic zones.
The cold-based zone and intermediate cold-based zone on
the central part of northern Hall Peninsula are shown on
Dyke’s (1984) map as a combination of till blanket and
boulder fields, associated with a particularly high concentration of glaciofluvial channels. The warm-based ice zone
covers most of the study area and is evidenced by glacial
scouring (e.g., numerous small lakes and glacially eroded
outcrop). This zone was mapped as mostly bedrock outcrop
and till on Dyke’s (1984) map.
Cold-based zone
Cold-based zones represent areas where glacial erosion
was weak or absent (Figure 5a, b). The surface sediment
originates from at least the last interglacial period and is
composed of in situ bouldery diamictic material (Figure 4d,
e), which might have been minimally transported by glaciers. Some very rare carbonate erratics were found on top
of this material, and it is believed that they were transported
englacially or supraglacially during a Quaternary glaciation. In many places, ice-marginal parallel channels are incised into this terrain, and associated with subaerial or marginal meltwater sediments and landforms. Meltwater
channels are deeply incised (Figure 4d), sometimes between glacial lakes, sometimes more marginal, and they obviously took several glaciation/deglaciation cycles to form.
Outcrops are moderately to extensively weathered, often
exhibiting millimetre- to centimetre-scale differential
weathering of minerals and/or lithologies. Striae are largely
nonexistent. Landscape features include a rarity (or absence) of small lakes, and dendritic river drainages are
dominant over deranged river systems. The cold-based
zone is controlled by topography, being mostly situated on
the portion of the Boothia highlands located east of Pasley
Bay, in the up-ice area (relative to the dominant northeast
ice flow). The lithological and structural grain of the bedrock, as observed on the bedrock aeromagnetic map (Coyle
et al., 2016), is not reflected in the cold-based terrain topography. One of the most prominent features, which are also
not noticeably associated with bedrock features, are a few
large rounded bedrock hills that protrude from the otherwise flat plateau. These features are believed to be barely
glacially eroded remains of inselbergs (Figures 4g, 5b),
which are large isolated bedrock hills located on plateaus
affected by long-term denudation. They are typically found
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Figure 5: Imagery showing various geomorphological settings in the study area, Boothia Peninsula. Locations shown on Figure 2. a) SPOT 6 image of cold-based zone terrain; b) ArcticDEM image of cold-based zone terrain; c) SPOT 6 image of intermediate cold-based zone terrain and glaciolacustrine sediments; d) ArcticDEM image of intermediate cold-based zone terrain and
glaciolacustrine sediments; e) SPOT 6 image of warm-based zone terrain and glaciolacustrine sediments; f) ArcticDEM image
of warm-based zone terrain and glaciolacustrine sediments. SPOT 6 images, with resolution of 1.5 m for panchromatic and 6 m
for multispectral (infrared 0.76–0.89 µm; infrared composite pan-sharpened), © 2016 Airbus Defence and Space, licensed by
Planet Labs Geomatics Corp. (Airbus Defence and Space, 2016). Digital elevation model (DEM) from the 0.5 m resolution ArcticDEM dataset (DEM created by the Polar Geospatial Center from DigitalGlobe imagery; Polar Geospatial Center, 2017).
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in Africa and Australia (Twidale, 1962) but also in northern
Sweden and Finland (Ebert et al., 2012). Approximately
200 km north of the inselbergs on Boothia Peninsula, tors
have been identified on Somerset Island (Dyke, 1976), indicating limited glacial erosion of the pre-Quaternary bedrock surface. Cosmogenic analysis of samples collected on
the inselberg bedrock surface on Boothia Peninsula this
year and on the tor bedrock surface on Somerset Island in
2018 will help to understand the recent erosion rates related
to those landscape features.
Intermediate cold-based zone
The intermediate cold-based zone represents a transition
zone, where at least one or more of the aforementioned criteria for cold-based glaciation are absent. It approximately
corresponds to the areas mapped as a combination of till veneer, bedrock and boulder fields on Dyke’s (1984) map,
and to the area that was mapped as a cold-based zone by De
Angelis and Kleman (2005). The intermediate cold-based
zone is interpreted to be an area where glacial erosion gradually became more marked as evidenced by more lakes and
bedrock outcrops, and ultimately with the appearance of
streamlined outcrops and macroforms. Carbonate tills,
with up to 20–30% carbonate in the till matrix, occur in the
intermediate cold-based zone on Boothia Peninsula (Figure 4e). Some of this material might have been transported
englacially or glacially but the amount of associated glacial
erosion is visibly limited and possibly occurred incrementally during several glaciations. This is an uncommon
feature, compared to Hall and Melville peninsulas
(Tremblay et al., 2009, 2014, 2016a), where almost no Paleozoic carbonate is found in the intermediate cold-based
till matrix.
Warm-based zone
The warm-based zone landscapes (Figure 5e, f) display
signs of significant glacial erosion, like streamlined outcrops and bedrock hills (Figure 4a), and 3-D macroforms
(drumlins, flutings; Figure 4b). Carbonate till is common in
this zone, the exception being the down-ice (eastern) portion of the Boothia highlands, where glacial erosion is important but no carbonate till is found. The boulder cover is
variable.

The study area is located more than 300 km north of the
Keewatin Ice Divide. The regional scheme of ice flow was
influenced by an ice shelf, which was located in Lancaster
Sound (to the northeast) and later in the Gulf of Boothia (ice
flow phases 2 and 3). Dyke (1984) proposed that this ice
shelf impacted the interior of the ice sheet, drained the ice
and pulled down the ice sheet profile. The ice sheet converged toward the ice shelf edge, where glacier ice was
downwasted as icebergs.
The ice stream in the Gulf of Boothia and Lancaster Sound
was probably initiated after the last glacial maximum
(LGM), as indicated by chronological evidence of a Late
Wisconsinan–Holocene age for the Navy Board Inlet moraines on Baffin Island, to the northeast of the study area
(Dyke and Hooper, 2001; Dyke et al., 2003). In the Committee Bay area, south of the study area, northeast ice flow
was directed toward the Gulf of Boothia–Lancaster Sound
ice stream and postdates northward–oriented ice flow,
which is hypothetically attributed to the LGM (McMartin
et al., 2003).
Ice-flow phase 1 was directed to the north-northeast, and
correlates with the phase 1 northward ice flow in Tremblay
et al. (2007), which flowed from the Keewatin Ice Divide. It
was probably weak over the Boothia highlands, and some
carbonate debris found there might have been transported
englacially or supraglacially during this ice-flow phase.
Ice-flow phase 2 was directed toward the northeast, and
correlates with the phase 2 northeast ice flow in Tremblay
et al. (2007). The increasing presence of the Gulf of
Boothia–Lancaster Sound ice stream pulled the ice toward
the northeast, probably during deglaciation. Ice-flow phase
2 is characterized by abundant megaflutings developed in
fine-grained carbonate till. The ice was flowing from the
McClintock Ice Divide located west of study area (Dyke,
1984; Tremblay et al., 2007; Ozyer, 2011) and/or from the
Keewatin Ice Divide located south of study area (Hodder et
al., 2016).
Ice-flow phase 3 was directed toward the west, and has no
equivalent south of the study area. It is indicated by numerous macroforms and a few striations in the study area. This
ice-flow phase could indicate an eastward migration of the
McClintock Ice Divide.

Ice-flow chronology
A synthesis of ice-flow chronology for Boothia Peninsula
is presented on Figure 6. It is based on striations (new measurements at 19 sites and from Dyke, 1984) and macroforms (Figure 3), and is drawn in continuity with ice-flow
chronology in Tremblay et al.’s (2007) study to the south of
the study area. It is also based on several recent regional
studies of ice-flow indicators and ice streams (De Angelis
and Kleman, 2005, 2008; Shaw et al., 2010; Margold et al.,
2015).
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A few local, late ice flows were observed, mostly evidenced
by striations converging toward Lord Mayor Bay. They
correlate with local, late ice flows in Tremblay et al. (2007).

Other geomorphological observations
Numerous glacial erratics of Chantrey Group rocks were
found in the area west of Sanagak Lake (Figure 1). One purple, subrounded, Chantrey Group metapelite was found at
one location and several orthoquartzites (purple, white,
pink, grey) were found in another location (Figure 1).
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Figure 6: Striations (with age relationships, 1 is the oldest), ice-flow lines, simplified geomorphological features (modified from Dyke,
1984) and glaciodynamic zones of Boothia Peninsula. Dotted ice-flow line indicates weaker ice flow.
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These rock types are similar to those found in the area south
of the Boothia Isthmus (Tremblay et al., 2007, 2009). The
subrounded shape of the metapelite, a relatively soft rock,
indicates some moderate amount of glacial transport; this
observation, together with the grouping of the lithologies,
indicates a moderately local source (in the range of 5–
25 km), as opposed to a very far source (>100 km). However, no Chantrey Group rocks are mapped in the area; it is
believed that unmapped outcrops of this rock group are
concealed by thick till in this area.
Glaciomarine iceberg scour marks were found on several
drumlins in the lowlands north of Taloyoak (Figure 4b).
The scour marks are crisscrossing, a few metres wide and
often more than 1 km long. They are similar to those frequently observed in multibeam sonar bathymetric images
of arctic sea floors (Ocean Mapping Group, 2013). Iceberg
scour marks are reported on the land in several places in
central Canada, notably at the former sites of glacial Lake
Ojibway (Dionne, 1977), glacial Lake Agassiz (Teller and
Clayton, 1983) and the Champlain Sea (Delage and
Gangloff, 1993).

Glaciolacustrine levels
The general contours of glacial lakes, the locations of main
outflow channels and the associated main ice front locations are mapped on Figure 2. A few glacial lake indicators
(mostly beaches and deltas) were mapped by Dyke (1984).
This study includes detailed mapping of many more glacial
lakes, using fieldwork observations and SPOT 6 and
ArcticDEM image interpretation. The thickness of nearshore and offshore sediments is unknown, but fieldwork
observations suggest a thickness of >1 m in the centre of the
largest glaciolacustrine basin located northeast of Pasley
Bay. The glacial lake contours on Figure 2 were mostly
mapped based on the presence of abundant vegetation, an
indicator of finer grained soils, and wave-washed lags,
beaches and deltas (Figure 5a–d). The elevations of the glacial lakes were between 445 and 180 m asl, and were controlled by the position of channels at the external margin of
the lakes and by the position of channels located between
the lakes and the glacier margin. Important lake draining
events occurred when lake levels were at 285 m asl in the
south and 270 m asl in the north. Several luminescence
samples were taken from glaciolacustrine deltas to date the
drainage timing of those lakes, following a similar study on
Baffin Island (Tremblay et al., 2017).

Economic considerations
The results and interpretation of this surficial geological
mapping and sampling program can be used for mineral exploration, development of natural resources and infrastructure, and aiding environmental geochemical studies in the
study area. Analysis of the geochemical and mineralogical
data from the surficial sediment samples will indicate the
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potential prospect for diamonds, base metals (copper,
nickel, zinc), precious metals (gold, silver, platinum, palladium), rare earth elements and gemstones in the region. Understanding ice-flow direction and important geomorphological processes are critical to interpreting the
geochemical analyses and mineralogical data from surficial
sediments. The geochemical data from this project will provide important baseline data for future mineral exploration
and possible development in the area, as well as for infrastructure studies (permafrost conditions, granular aggregate sources). Another outcome for the Boothia Peninsula–
Somerset Island Activity is to provide an opportunity for
the local community to learn about the local geology and
prospectivity of the rocks in the region.

Conclusions
New field work and remote sensing observations allowed
refinement of previous surficial geology ideas regarding
several aspects:
• an ice-flow history with three main phases was synthesized from fieldwork and remote sensing interpretation,
notably the 5 m resolution ArcticDEM (Polar Geospatial Center, 2017);
• 2-D and 3-D macroforms were observed;
• cold-based and intermediate cold-based zones were
identified;
• inselbergs were observed in the cold-based zone;
• till samples were taken for evaluating mineral prospectivity (geochemical and heavy minerals analyses);
• glaciolacustrine sediments and channels were described
over an area of approximately 1500 km2;
• iceberg scour marks were noted on drumlins in the lowlands; and
• Chantrey Group metapelite and orthoquartzite pebbles
were found in till, which suggest unmapped outcrops of
these rocks.
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The Kilohigok Basin Geoscience Project is being led by the Canada-Nunavut Geoscience Office in collaboration with the Harquail School
of Earth Sciences, Laurentian University. The study area comprises a portion of the Bear Creek Hills, located on the eastern side of
Kiluhiqtuq (Bathurst Inlet), Kitikmeot Region of Nunavut (NTS 76J). The objective of the project is to improve the geological knowledge
and to investigate the economic potential of the Kilohigok Basin in western Nunavut.
Ielpi, A., Michel, S., Greenman, J.W. and Lebeau, L.E. 2017: Stratigraphy, gamma-ray spectrometry and uranium prospectivity of the
Kilohigok paleosol, Bear Creek Hills, western Nunavut; in Summary of Activities 2017, Canada-Nunavut Geoscience Office, p. 37–48.

Abstract
A Paleoproterozoic passive margin encompassing fluvial and nearshore-marine deposits (Kimerot Group) is exposed in the
Bear Creek Hills surrounding Kiluhiqtuq (Bathurst Inlet). The succession comprises the lowermost fill of the Kilohigok Basin, and nonconformably sits atop metasedimentary rocks of the Archean Yellowknife Supergroup—part of the Slave Province of the Canadian Shield. This summary of activities deals with the stratigraphy, paleogeography and gamma-ray spectrometry of a ca. 2.0 Ga horizon of paleoweathering found at the contact between the Kimerot Group and the Yellowknife
Supergroup, known as the Kilohigok paleosol.
The Kilohigok paleosol comprises a 1.5 m thick, rusty-weathered horizon intersected by quartz veins and derived from
metapelite and meta–iron formation of the Yellowknife Supergroup, and underlies a paleotopography that slopes up to
10 m/km along strike. Gamma-ray spectrometer profiles throughout the paleosol reveal anomalous values of radioactivity
(up to 867.5 nSv/h), with peak concentrations of uranium exceeding 120 ppm. The Kilohigok paleosol is overlain by fluvial
conglomerate and sandstone that bear evidence for intense chemical weathering and sericitization, and point to production
and routing of detritus from the hinterland of the Slave craton at 2.0 Ga. These results complement ongoing studies along the
Kilohigok paleosol, on a transect of more than 200 km, and suggest that portions of the so-far underexplored Kilohigok Basin may host uranium resources.

Résumé
Une marge passive paléoprotérozoÏque renfermant des dépôts marins littoraux et fluviatiles (groupe de Kimerot) affleure
dans la région des monts Bear Creek qui encerclent Kiluhiqtuq (Bathurst Inlet). La succession comprend à sa partie
inférieure l’unité de remplissage du bassin Kilohigok et repose en discordance sur les roches métasédimentaires du Supergroupe de Yellowknife d’âge archéen, lequel fait partie de la Province des Esclaves du Bouclier canadien. Le présent
résumé porte sur la stratigraphie, la paléogéographie et l’analyse spectrométrique aux rayons gamma d’un horizon âgé de
deux milliards d’années ayant subi une paléométéorisation, appelé paléosol de Kilohigok, qui a été identifié à l’endroit d’un
contact entre le groupe de Kimerot et le Supergroupe de Yellowknife.
Le paléosol de Kilohigok se compose d’un horizon altéré de couleur rouille d’une épaisseur de 1.5 m que recoupe des veines
de quartz; ce paléosol s’est formé à partir de formations ferrifères métamorphisées et métapélitiques du Supergroupe de Yellowknife et repose sous un paléorelief dont la pente atteint jusqu’à 10 m/km parallèlement à la direction. Des profils
spectrométriques aux rayons gamma effectués à divers endroits du paléosol ont donné des teneurs anormales de radioactivité (jusqu’à 867,5 nSv/h), dont une concentration de pointe d’uranium de plus de 120 ppm. Le paléosol de Kilohigok
est recouvert de conglomérat et de grès fluviatiles qui témoignent d’épisodes intenses d’altération chimique météorique et
de séricitisation tout en indiquant que le matériel détritique aurait été produit et serait provenu de l’arrière-pays du craton
des Esclaves il y a deux milliards d’années. Ces résultats viennent s’ajouter aux études en cours entreprises le long d’un
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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transect de plus de 200 km du paléosol de Kilohigok et semblent indiquer que certaines sections du bassin de Kilohigok
jusqu’à présent peu explorées pourraient receler des ressources en uranium.

Introduction
The Kilohigok Basin, in the Kitikmeot Region of Nunavut
(Figure 1), represents one of the major—and yet least economically explored—Precambrian basins preserved within
the Canadian Shield (McCormick and Grotzinger, 1992).
The Proterozoic sedimentary record of North America consists of several basins and inliers found atop crystalline
basement rocks (Young, 1981; Davidson, 2008), and ac-

counts for a complex history of repeated rifting and crustal
amalgamation throughout two entire Wilson cycles (Li et
al., 2008; Pehrsson et al., 2016). Due to their proximity to
existing infrastructures or navigable seaways, some of
these basins have been favourably exploited for commodities, including world-class uranium deposits in the Athabasca Basin, Saskatchewan and Alberta (Jefferson et al.,
2007), and lead-zinc-silver deposits in the Selwyn Basin,
Yukon (Gordey, 2013). The Kilohigok Basin remains rela-

Figure 1: Geological sketch of Kilohigok Basin (modified from Campbell and Cecile, 1976, 1979; Campbell 1979; Ielpi et al., 2017). Geochronological data from Bowring and Grotzinger (1992) and Heaman et al. (1992).
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tively unexplored. In the context of uranium plays, mineralization has often been found at or near surfaces of stratigraphic discontinuity between crystalline basement rocks
and overlying sedimentary successions (i.e., unconformity-type uranium deposits), and specifically along horizons
of paleoweathering (‘paleosols’) associated with such
zones (Rainbird et al., 1990; Gall, 1992, 1994, 1999; Fedo
et al., 1997; Murakami et al., 2001).
The Kilohigok Basin lies within the Slave Province of the
Canadian Shield (Padgham and Fyson, 1992), and was
mapped at reconnaissance scale by O’Neill (1924) and later
by Wright (1957), Tremblay (1967, 1971) and Fraser and
Tremblay (1969). A basin-scale stratigraphic outline was
first introduced by Campbell and Cecile (1976, 1979,
1981), Cecile (1976), Cecile and Campbell (1977, 1978)
and Campbell (1978), and a modern structural-stratigraphic framework was established by Tirrul (1985),
Grotzinger and Gall (1986), Grotzinger et al. (1987, 1989),
Grotzinger and McCormick (1988), Tirrul and Grotzinger
(1990), McCormick (1992) and McCormick and
Grotzinger (1992, 1993).
The Kilohigok Basin Geoscience Project represents the
continuation of collaborative work in the region since 2014
by the Canada-Nunavut Geoscience Office, Laurentian
University and the Geological Survey of Canada (Berman
et al., 2015, 2016; Ielpi and Rainbird, 2015a; Ielpi et al.,
2015, 2017; Rainbird and Ielpi, 2015). This summary of activities presents the results of fieldwork undertaken in the
Bear Creek Hills (Figure 2), in an area roughly centred on

latitude 66°42’N, longitude 107°27’W. Here, the unconformable contact between basement rocks of the Slave
Province and basal deposits of the Kilohigok Basin is laterally continuous and well exposed. So far, the paleoweathered horizon along the unconformity, referred to as the
Kilohigok paleosol (Ielpi et al., 2015), has been investigated for a distance of ~200 km and represents the main target for uranium mineralization using gamma-ray spectrometry. The scope of this contribution is to discuss the area’s
potential for uranium prospectivity, and to characterize its
stratigraphy and paleogeographic settings during paleosol
development.

Geological setting
The Kilohigok Basin sits unconformably atop the Slave
Province, a cratonic block that amalgamated with the rest of
Laurentia during the global orogenic processes recorded at
2.1–1.8 Ga (Hoffman, 1988; Zhao et al., 2002; Bleeker,
2003). The basin records a time span of ~2.0–1.6 Ga (Bowring and Grotzinger, 1992) and, from its southwestern termination at Rockinghorse and Contwoyto lakes to its northeastern inlier at Hadley Bay (Victoria Island), it covers a
stratigraphic transect more than 700 km long. The main basin exposures surround Kiluhiqtuq and occupy an area of
~800 km2 (Figure 1). The relationships between the Kilohigok Basin and its basement rocks are mainly autochthonous, and younger deposits of the Elu Basin unconformably cover the Kilohigok Basin fill in its northeastern
portion (Campbell, 1979; Campbell and Cecile, 1979; Ielpi
and Rainbird, 2015a, 2015b, 2016). The Kilohigok Basin is

Figure 2: Satellite map of study area (image taken in late spring; see Figure 1 for location in Kilohigok Basin; DigitalGlobe, 2014). Bedrock
exposures are evident in grey tones. Pink line marks nonconformity between Archean Yellowknife Supergroup and Paleoproterozoic
Kimerot Group. Blue line marks stratigraphic boundary between Kimerot and Bear Creek groups. Stratigraphic dip indicators in black point
to direction of stratigraphic younging (strata dipping at 15–35°).
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further dissected by the northwest-trending Bathurst Fault
(Campbell and Cecile, 1981; Grotzinger and McCormick,
1988; Culshaw, 1991), which exhibits ~70 km of sinistral
displacement.
Different theories have been proposed regarding the crustal
mechanisms responsible for the formation of the Kilohigok
Basin. Hoffman (1973) recognized similarities in stratigraphy and structure to coeval rocks preserved in the Wopmay
Orogen along the opposite side of the Slave craton, and hypothesized that the Kilohigok Basin represented an aborted
rift. Campbell and Cecile (1981) argued that the lack of
growth faulting and evidence for magmatism at time of deposition remained at odds with Hoffman’s (1973) model,
and proposed an alternative—yet similar from a geodynamic standpoint—scenario where the Kilohigok Basin recorded the development of an intracratonic trough. In the
latter reconstruction, this intracratonic basin developed in
relation to a hypothetical failed rift farther north (present
co-ordinates). While permissible at the time, this theory
could not fully account for syndepositional growth of structural arches and fold-and-thrust belts later identified within
the basin (Tirrul, 1985). Meanwhile, it became apparent
that the Thelon Tectonic Zone bordering the Kilohigok Basin to the east represented a major and partly coeval orogenic front (Thompson and Ashton, 1984; Thompson et al.,
1985; Tirrul, 1985; Tirrul and Grotzinger, 1990). Based on
refined structural-stratigraphic work, Grotzinger et al.
(1987, 1989), Grotzinger and McCormick (1988),
McCormick (1992) and McCormick and Grotzinger (1992,
1993) recognized the Kilohigok Basin as a major foredeep
related to the collision between the Slave and Rae cratons
and development of the Thelon Tectonic Zone at 2.0–
1.9 Ga.
It is worth noting that, in the authors’ reconstruction, the
lowermost Kilohigok Basin fill did not yield any evidence
for converging tectonism. This basal succession, referred
to as the Kimerot Group, comprises the lower clastic
Kenyon Formation and the upper, mixed clastic-carbonate
Peg Formation. The Kimerot Group is interpreted as a passive-margin succession accumulated on the eastern margin
of the Slave craton prior to its collision and amalgamation
with the Rae craton (Grotzinger and Gall, 1986; Tirrul and
Grotzinger, 1990). This most-recent model remains accepted, with the Kimerot Group regarded as a compelling
example of a Paleoproterozoic passive margin developed
along a rifted Archean craton (Bradley, 2008).

Methods
Field traverses were run out of a floatplane-accessed camp
in July 2017, and covered an area to the east of Kiluhiqtuq
known as the Bear Creek Hills (part of NTS 76J; Figure 2).
Observations of rock type and geological structure were
collected on both basement rocks and overlying deposits of
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the Kimerot Group. Detailed investigations were focused
on the bulk composition and alteration state of paleoweathered rocks along the Kilohigok paleosol. Estimates on mineral assemblages were made using hand lenses on fresh
samples. Observations on the stratigraphic development
and depositional architecture of the Kimerot Group were
collected on a west-dipping monocline and were complemented by the collection of paleocurrent indicators based
on the direction of frontal accretion of crossbeds.
The naturally occurring radioactive properties of crystalline basement rocks of the Slave Province and overlying
deposits of the Kilohigok Basin were assessed using a Radiation Solutions Inc. RS-125 hand-held gamma-ray spectrometer. The database of spectral signatures includes readings of total radioactive dose rate (expressed in nanosieverts
per hour, or nSv/h) and abundances of uranium (ppm), thorium (ppm) and potassium (%). Vertical and horizontal spectrometry profiles were measured along the Kilohigok
paleosol and in immediately overlying deposits at several
locations. Hand samples were collected for further
petrographic and geochemical analysis.

Results
Stratigraphy and field relationships
A 15–35° westward-dipping monocline, extending from
the Bear Creek Hills (Figure 2) to the Kiluhiqtuq seaboard,
has an ~8 km strike length and a stratigraphic thickness of
~2.5 km. This monocline represents one of the most complete stratigraphic sections exposed in the Kilohigok Basin
(McCormick, 1992) and records a significant portion of the
basin’s depositional history. Here, exposures of the
Kimerot Group are aligned along a 50 km long, northnorthwest–south-southeast transect that is associated with
positive relief due to higher resistance to erosion than adjacent rock types. The present study area is a ridge that exposes a continuous section measuring ~150 m thick and
2.2 km along strike (Figure 2, 3a).
Basement rocks exposed in the area consist of metapelite
and meta–iron formation (Figure 3b–c). Metapelite contains a mineral assemblage of cordierite, andalusite and
staurolite, as well as relicts of Bouma-like graded bedding
in decimetre-thick intervals that suggest a turbiditic
protolith (cf. Therriault, 2003). Meta–iron formation is represented by garnet-amphibole quartzite with rusty weathering. These metasedimentary rock types are part of the Yellowknife Supergroup (cf. Culshaw and van Breemen,
1990; Culshaw, 1991), and their regional foliation pattern
in the study area dips moderately to the northeast.
The surface of stratigraphic nonconformity underlying the
Kimerot Group displays an attitude consistent with that of
the overlying monocline and is characterized by up to 20 m
of paleotopographic relief over the 2.2 km of observed lat-
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Figure 3: Field aspects of the Kilohigok paleosol and Kimerot Group in the Bear Creek Hills: a) panoramic view of study section, with
nonconformable bottom and stratigraphic top of Kimerot Group marked with dashed yellow lines; b) metapelite of Yellowknife Supergroup
intersected by quartz veins; lens cap for scale (encircled) is 5 cm across; c) detail of metapelite in (b), exhibiting rusty weathering along
Kilohigok paleosol; d) Kenyon Formation basal oligomictic pebble conglomerate, exhibiting sericitic alteration; e) cross-stratified gravelly
sandstone, overlying basal conglomerate; f) quartzarenite (light grey) interbedded with thin dolostone (rusty brown) at transition between
Kenyon and Peg formations; note herringbone cross-stratification and tidal bundles in quartzarenite; g) plan view of domal stromatolites in
Peg Formation dolostone (uppermost ‘stromatolite reef’); lens cap for scale (encircled) is 5 cm across.
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eral exposure (Figure 3a). Along this surface is the Kilohigok paleosol, which consists of a horizon, up to 1.5 m
thick, characterized by rusty weathering and pervasive
veining (Figure 3b, c). Veins are linear, up to 7 cm wide and
filled with quartz (Figure 3b). An older generation of northwest-striking and shallowly dipping veins with ~0.5–1 m
spacing is cut by a second, younger generation of roughly
orthogonal, northeast-striking and steeply dipping veins
with ~3 m spacing. As detailed below, anomalous values of
radioactivity related to uranium mineralization have been
recorded within 20 cm of the younger veins.
The Kimerot Group can be subdivided into several intervals characterized by distinct lithology and sedimentary
structures. Field observations support the subdivision into
the lower, clastic-dominated Kenyon Formation (here
~60 m thick) and the upper, mixed clastic-carbonate Peg
Formation (~90 m thick) proposed by Grotzinger et al.
(1987). Given the scope of this summary, only the lowermost deposits found in proximity to the Kilohigok paleosol
are detailed. The basal coarse-grained deposit consists of
2–3 m of pebbly, clast-supported and crudely planar-stratified conglomerate with greenish-grey sandy matrix (Figure 3d). The conglomerate is oligomictic, comprising predominantly quartz (~95%) and sporadic red jasper and
metapelite lithic fragments. The greenish-grey pigmentation of the sandy matrix, observed elsewhere along the
Kilohigok paleosol (Ielpi et al., 2015, 2017), has been related to the breakdown of iron-magnesium silicates and
subsequent iron reprecipitation on authigenic clay minerals
derived from plagioclase weathering (‘sericitization’;
Rainbird et al., 1990; Gall, 1994; Fedo et al., 1997). The
basal conglomerate changes upward into a coarse-grained
sandstone with floating granules (Figure 3e). The coarsegrained sandstone is organized in 10–20 cm thick
crossbeds. Paleocurrent indicators collected on foresets
point to southward transport (Figure 4a). Crossbeds are, in
places, organized into larger scale sediment forms defined

by inclined depositional surfaces (Figure 4b), pointing to
the growth and migration of sediment bars composed of
accretionary macroforms (cf. Miall, 1994).
The overlying deposits are organized into quartzarenitedominated intervals with decimetre-scale hummocky crossstratification and herringbone-stratified sets (Figure 3f).
Notably, crosslaminae display, in places, a sharp and rhythmic grain-size segregation typical of tidal bundles (Figure 3f; cf. Dalrymple et al., 1991). The quartzarenite gradually fines upward throughout the Kenyon Formation and
eventually grades into the Peg Formation, which is characterized by a rhythmic alternation of heterolithic greywackesiltstone with centimetre-scale hummocky cross-stratification and laminated doloarenite (i.e., a mixed sandstone with
dolomitic cement). Domal stromatolites appear in the middle Peg Formation (Figure 3g) and become increasingly
common upsection. The uppermost Peg Formation is marked
by a distinctive ‘stromatolite reef’ (cf. Grotzinger and Gall,
1986), which is up to 2 m thick and serves as a regional key
bed. The sedimentology and depositional architecture of
the middle–upper Kenyon and Peg formations will be
treated in more detail in a forthcoming contribution.

Gamma-ray spectrometry
The radioactive signatures of both basement rocks and overlying deposits were assessed along both vertical and horizontal sections through the Kilohigok paleosol, and results
are summarized in Table 1 and Figure 5. Vertical sections 1
and 2, measured through the basal Kenyon Formation (Figure 5), yielded background radioactivity values (up to
193.3 nSv/h and up to 11.7 ppm uranium). On the other
hand, an exposure of the nonconformity between the Yellowknife Supergroup and the Kenyon Formation (Figures 2
and 5) yielded anomalously high values of radioactivity (up
to 867.5 nSv/h), with uranium concentration as high as
121.1 ppm. Radioactivity anomalies along the nonconformity correspond to basement rocks intersected by steeply

Figure 4: Field aspects of the basal fluvial deposits of the Kenyon Formation: a) rose diagram showing southward sediment paleotransport
(number of measurements, scale in percentage of outer ring, average vector and 95%-confidence arc are indicated); b) crossbeds (yellow)
and inclined surfaces (red) related to growth and migration of fluvial bars (field book for scale is 20 cm long).
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dipping quartz veins (Figure 5, section 3). Elevated uranium values were found at intervals along the 60 m strikeparallel horizontal section. Radioactivity values diminish
sharply downsection through the basement (Figure 5, section 4), reaching background levels (less than 156.6 nSv/h
and less than 11.8 ppm uranium) farther than 1 m stratigraphically beneath the nonconformity. Spectrometric
analyses performed elsewhere in both the Yellowknife
Supergroup and the Kimerot Group have not returned any
anomalously high radioactivity.

abundance of clast-supported and planar-bedded gravel
sheets (Ielpi et al., 2016). The local paleoflow dispersion is
best reconciled with the fluvial-fan scenario, and relatively
steep paleogradients can be inferred from the paleotopoTable 1: Gamma-ray spectrometry along the Kilohigok paleosol in
Bear Creek Hills (see also Figure 5).

Vertical profiles 1 and 2 through the basal Kenyon Formation did not show any significant correlation between uranium, thorium and potassium (Figure 5). On the other hand,
horizontal section 3 along the nonconformity revealed a
weak inverse correlation between uranium and potassium,
and a weak direct correlation between uranium and thorium
(Figure 5).

Discussion and conclusions
The Kilohigok Basin Geoscience Project focused on the
stratigraphy, paleogeography and gamma-ray spectrometry of a paleoweathered horizon developed at the contact
between Archean metasedimentary rocks of the Yellowknife Supergroup and Paleoproterozoic deposits of the
Kimerot Group, in the eastern portion of the Kilohigok Basin, Kitikmeot Region of Nunavut. The ~1.5 m thick
paleoweathering horizon, referred to as the Kilohigok
paleosol, is here developed on oxidized metapelite and
meta–iron formation. The Kilohigok paleosol includes
quartz veins that dissect the metapelite and meta–iron formation, and is overlain by basal deposits of the Kenyon
Formation (Kimerot Group), which also shows evidence of
chemical paleoweathering and sericitization (cf. Rainbird
et al., 1990; Gall, 1994; Fedo et al., 1997). Gamma-ray
spectrometry revealed uranium concentrations of up to
121.1 ppm within the Kilohigok paleosol. In the project
area, anomalous values of radioactivity are recorded only
in proximity to the paleosol, highlighting how gamma-ray
spectrometry represents a time- and cost-efficient approach
when prospecting for radionuclide mineralization along
surfaces of stratigraphic discontinuity.
In order to reconstruct the depositional and paleogeographic setting during Kilohigok paleosol development, field investigations also focused on the sedimentology of the
Kimerot Group, confirming the subdivision into the lower,
clastic Kenyon Formation and the upper, clastic-carbonate
Peg Formation. The basal and coarser grained deposits of
the Kenyon Formation point to accumulation in a proximal
fluvial environment (cf. Grotzinger and Gall, 1986), based
on their textural immaturity and abundance of unidirectional crossbedding. The lower conglomerate likely represents the product of comparatively high-gradient, gravelbed trunk rivers or small piedmont fluvial fans, based on the
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graphic relief observed along the basal paleoweathered
nonconformity of the Kilohigok Basin. The overlying pebbly sandstone indicates deposition in a more distal, deeper
and perennial fluvial system that was mature enough to
develop high-relief fluvial bars within its channels (Miall,
1994).
Paleoflow indicators suggest production and routing of detritus from portions of the Slave craton located to the north
(present co-ordinates) of the study area. The transition from
fluvial to wave- and tide-influenced nearshore-marine settings is consistent with a transgressed clastic shelf, and interpretations by Grotzinger and Gall (1986) and Tirrul and
Grotzinger (1990). Accordingly, the shift to mixed finegrained clastic-carbonate deposits can be reconciled with
clastic shutdown in response to shelf drowning (Cattaneo
and Steel, 2003). Forthcoming studies in the area will focus
on the petrology and bulk-rock geochemistry of the
Kilohigok paleosol, as well as on refined sedimentology
and depositional architecture of the Kimerot Group.

Economic considerations
The Bear Creek Hills have been investigated in the past for
gold mineralization hosted within meta–iron formation
units (Therriault, 2003). Regionally, the Crazy Bear Metamorphic Complex, exposed to the east of the study area,
contains gold concentrations of up to 190 g/t (from assay
analysis; Therriault, 2003), and the present study area has
been investigated in the past by, among others, Bear Creek
Hills Estates Ltd., Cogema Canada Ltd. and Echo Mines
Ltd. (Grotzinger and Gall, 1986; Therriault, 2003). However, meta–iron formations in the Bear Creek Hills yielded
only modest gold concentrations (~10 g/t from assay analysis; Therriault, 2003).
On the other hand, field-based gamma-ray spectrometry
had not been employed in the search for uranium mineralization across the boundary between the Yellowknife
Supergroup and the Kimerot Group. This study yielded
uranium concentrations as high as 121.1 ppm, indicating

Figure 5: Schematic geological section through the Kilohigok paleosol in Bear Creek Hills (note vertical exaggeration). Field view of section
shown in Figure 3a. Gamma-ray spectrometer profiles constructed from data in Table 1. Satellite image from DigitalGlobe (2014).
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that there is some potential for the area. Results are, in part,
consistent with what is reported at other locations along the
Kilohigok paleosol (Ielpi et al., 2015), showing that uranium mineralization is preferentially found in association
with bedrock that underwent intense chemical paleoweathering and sericitization.
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Abstract
This paper presents the field observations and initial interpretations stemming from six weeks of regional bedrock mapping
during the summer of 2017 in the Pond Inlet–Mary River area (NTS 37G, 38B) of northern Baffin Island, Nunavut. This
area, which is notable for the world-class Mary River Fe-deposit, was targeted under the second phase of the Geo-mapping
for Energy and Minerals (GEM-2) program to upgrade bedrock mapping coverage and geoscience knowledge for Baffin Island north of latitude 70°N. The bedrock geology in the study area is dominated by Archean tonalitic–monzogranitic gneiss
that includes minor mafic–intermediate components, and by relatively homogeneous monzogranite–granodiorite intrusions. The Archean Mary River Group forms discontinuous volcano-sedimentary belts, consisting of mafic volcanic rocks
interlayered with siliciclastic strata, banded iron formation, and felsic–intermediate and ultramafic volcanic units. The
supracrustal rocks are intruded by monzogranite–granodiorite plutons. In the northern part of the study area, metasedimentary pelitic to semipelitic units were observed in thrust contact with basement gneiss and layered mafic–ultramafic intrusive
bodies were identified along the northern coast of Baffin Island. Pre-Mesoproterozoic rocks record a complex structural
history involving at least two regional deformation events and mineral assemblages indicate metamorphic conditions ranging from upper-greenschist to granulite facies. Mesoproterozoic clastic and carbonate platform sequences of the Bylot
Supergroup unconformably overlie and/or are faulted against Archean units in the northwestern part of the map area. These
strata were deposited within a graben that forms part of the larger Borden basin. Results from the 2017 field campaign have
implications for plate-tectonic reconstructions of northeastern Arctic Canada and evaluating the economic potential of
northern Baffin Island.

Résumé
Cet article présente les observations de terrain et les interprétations préliminaires résultant de six semaines de cartographie
du socle rocheux durant l’été 2017 dans la région de Pond Inlet–Mary River (feuillets 38B et 37G du SNRC) au nord de l’île
de Baffin, au Nunavut. Cette région, remarquable pour la présence du gisement de minerai de fer de Mary River de classe
mondiale, a été choisie dans le cadre de la deuxième phase du programme de géocartographie de l’énergie et des minéraux
(GEM-2) dans le but d’améliorer la couverture cartographique du socle rocheux de l’île de Baffin au nord du 70° parallèle.
La géologie de la zone d’étude se distingue par la présence de gneiss archéens de composition tonalitique à monzogranitique, incluant des quantités accessoires de composantes mafiques à intermédiaires, et d’intrusions monzogranitiques
à granodioritiques relativement homogènes. Le groupe de Mary River d’âge archéen forme des ceintures volcano-sédimen-
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taires discontinues composées de roches mafiques volcaniques interstratifiées avec des roches siliciclastiques, des formations ferrifères rubanées et des unités volcaniques de composition ultramafique ou felsique à intermédiaire. Ces roches
supracrustales sont recoupées par des roches plutoniques de composition monzogranitique à granodioritique. Dans la partie
nord de la zone d’étude, un contact entre les roches métasédimentaires pélitiques à semipélitiques et les gneiss du socle
aurait été provoqué par un chevauchement et des unités intrusives mafiques–ultramafiques ont été identifiées le long de la
côte nord de l’île de Baffin. Les roches antérieures au Mésoprotérozoïque témoignent d’une évolution structurale complexe
impliquant au moins deux périodes de déformation régionale, avec des assemblages de minéraux associés à des conditions
métamorphiques allant du faciès des schistes verts supérieur au faciès des granulites. Dans la portion nord-ouest de la région
cartographiée, les séquences clastiques et carbonatées d’âge mésoprotérozoïque du Supergroupe de Bylot recouvrent en
discordance le socle archéen. Ces couches ont été mises en place dans un graben faisant partie du bassin de Borden. Les
résultats de la campagne sur le terrain de 2017 ont des répercussions au niveau des reconstructions tectoniques de l’Arctique
canadien du nord-est et de l’évaluation du potentiel économique du nord de l’île de Baffin.

Introduction
The Geological Survey of Canada, under
the Geo-Mapping for Energy and Minerals
program (GEM-2), conducted 1:100 000
scale bedrock mapping in the Pond Inlet–
Mary River area of northern Baffin Island
during the summer of 2017 (NTS 37G and
part of 38B; Figures 1, 2). This work represents the first phase of a two-year project
that will also include bedrock mapping of
NTS 37E and F during the summer of 2018
(Saumur et al., 2017). Following the recent
completion of similar GEM projects on
southern Baffin Island (e.g., Weller et al.,
2015; St-Onge et al., 2016), the study area
was chosen with the goal of completing reFigure 1: Northern Baffin Island, showing the bedrock mapping areas in 2017
gional bedrock mapping coverage of Baffin
(NTS 37G, 38B) and 2018 (NTS 37E, F) for the GEM-2 North Baffin Bedrock Mapping
Island north of latitude 70°N and investiProject. Abbreviations: DGB, Dexterity granulite belt; FFB, Foxe fold belt; IF, Isortoq
gating the area’s geological evolution and
fault.
economic potential. Of particular interest is
cluding MRG exposures hosting iron mineralization (Dethe Archean Mary River Group (MRG), which hosts iron
posit No. 1 and 4; Figure 2). This work was compiled and
formation and includes the high-grade Mary River iron
published as a set of 1:250 000 scale bedrock maps (Jackmine deposit that is currently operated by Baffinland Iron
son and Davidson, 1975; Jackson and Morgan, 1978b;
Mines Corporation. Despite the current mining activity, the
Jackson et al., 1978; Davidson et al., 1979) and incorporegional distribution, age and geological history of the
rated within a regional bedrock compilation map of northMRG remain uncertain, as well as relationships with spaern Baffin Island (Scott and de Kemp, 1998, 1999). Jackson
tially associated plutons and basement gneiss. This contriet al. (1975) and Jackson (2000) presented a summary of
bution summarizes the regional geology, principal tectonothe bedrock geology, including descriptions of lithological
stratigraphic units, structural and metamorphic history and
units and preliminary accounts of metamorphism, deforeconomic potential documented during six weeks of
mation and economic mineralization. Detailed sketch maps
mapping in July–August 2017.
of the iron-bearing MRG were subsequently released
History of bedrock mapping
(Jackson, 2006). Aeromagnetic geophysical data were collected during 1973–1974 (Figure 3; Natural Resources
Reconnaissance geological mapping of NTS 37E–G and
Canada, 2017).
38B was conducted in 1965–1968 by G.D. Jackson and the
Geological Survey of Canada (GSC), as part of a regional
Bedrock mapping at 1:50 000 scale was conducted by the
mapping project on north-central Baffin Island. Mapping
GSC in 1994 in a 2 800 km2 area centred on Eqe Bay (NTS
involved helicopter traverses with stops spaced ~8 km
apart, supplemented by more detailed work in selected ar37C; Figure 1) with the goal of unravelling the tectonostrateas to examine the stratigraphy of supracrustal rocks, inigraphic and petrogenetic history of the MRG, associated
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Figure 2: Outline of the GEM-2 North Baffin 2017 bedrock mapping area, showing the main geographic and geological features.
Abbreviations: CBF, Central Borden fault; TF, Tikerakdjuak fault; TT, Tasiujaq thrust; WBF, White Bay fault. Deposit No. 1–5 refer to
high-grade iron ore deposits in the Mary River Group currently tenured to Baffinland Iron Mines Corporation. Grey areas indicate
glaciers.
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plutons and basement gneiss. The Eqe Bay study area borders the southern edge of the present project area and is
considered to contain correlative map units. Mapping results, geochronological and geochemical data are presented in Bethune and Scammell (1997, 2003a, b).
The Canada-Nunavut Geoscience Office (CNGO) completed targeted bedrock mapping in NTS 37E–G as a
subcomponent of the 2003–2005 North Baffin Project, in
which surficial geology was the primary focus. The main
objectives were to identify new economic mineral deposits,
collect assay samples to help guide drift-prospecting surveys, and develop a stratigraphic and structural framework
for the MRG through detailed mapping of specific localities. The resulting 1:50 000 scale maps of the MRG at Deposit No. 4, the Tuktuliarvik study area (informally known
as ‘Long lake’) and the area informally known as
‘Felsenmeer flats’ (Figure 2) were published in Young et al.

(2004), together with an interpreted structural–stratigraphic framework. Johns and Young (2006) presented an
overview of regional MRG geology and new economic
mineral prospects, including Algoma-type iron formation
in NTS 37E and G, locally with associated gold- and molybdenum-bearing quartz veins. Full results of the CNGO’s
North Baffin Project, including geochemical data for till
and bedrock samples, are presented in Utting et al. (2008).
Targeted and 1:100 000 scale bedrock mapping by the current GEM-2 North Baffin project (Figure 1) was required to
bring bedrock mapping and geoscience knowledge to an
equal level with that achieved on southern Baffin Island
(e.g., St-Onge et al., 2015a; Weller et al., 2015). In addition
to providing a more accurate geological framework for
northern Baffin Island, the new maps and associated analytical research will help resolve important scientific and
economic questions. The extent of Archean versus Protero-

Figure 3: Residual-total-field aeromagnetic data for the GEM-2 North Baffin study area. The aeromagnetic data were collected during 1973–1974 along flight lines spaced 805 m apart flown at an altitude of
305 m (Natural Resources Canada, 2017).
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zoic crust is presently unknown, and may have implications
for diamond prospectivity. Resolving the age, tectonostratigraphy and distribution of the MRG will help determine
whether correlations exist with comparable mineralized
greenstone belts of the mainland Rae craton. Finally, new
insights into the tectonometamorphic history of the study
area will have implications for regional correlations and
understanding the tectonic assembly of Nunavut and
Greenland.

Geological framework
Archean units of the Pond Inlet–Mary River area have been
proposed to belong to the Repulse Bay block (or north Rae
domain) of the Rae craton, which extends from central
Nunavut to at least northern Baffin Island (cf. Jackson and
Berman, 2000; e.g., Pehrsson et al., 2011, 2013; Snyder et
al., 2013). The Repulse Bay block is characterized by ca.
2.97–2.60 Ga granite-greenstone belts and Eo- to Mesoarchean cratonic basement (e.g., Snyder et al., 2013;
LaFlamme et al., 2014; Spratt et al., 2014). To the southeast, Archean crust on northern Baffin Island is bounded by
the Isortoq fault (Jackson, 2000) and the Paleoproterozoic
Foxe fold belt (Figure 1), which represents the northern
margin of the ca. 1880–1800 Ma Himalayan-scale
accretionary/collisional Trans-Hudson Orogen (St-Onge et
al., 2002). The Isortoq fault is considered to record northwest-directed thrusting of the Foxe fold belt and underlying
basement over Archean crust of northern Baffin Island at
ca. 1850–1820 Ma (Jackson, 2000; Jackson and Berman,
2000; Bethune and Scammell, 2003b).

Archean basement gneiss
Archean basement gneiss was documented by previous
workers as mainly comprising granodiorite, monzogranite
and quartz monzonite. Crystallization ages have been obtained for two units interpreted as basement underlying the
MRG: 2851 +20/-17 Ma for tonalite gneiss (Table 1; Jackson et al., 1990) and a preliminary age of ca. 2900 Ma for
granodiorite gneiss (M. Young, unpublished data, 2007;
Young et al., 2007). These ages are within the ca. 3000–
2770 Ma range of protolith ages for basement gneiss from
the nearby Eqe Bay area (Figure 1; Bethune and Scammell,
2003a).

Mary River Group
The MRG comprises mafic volcanic rocks with intervening
strata of siliciclastic units, banded iron formation, felsic to
intermediate volcanic rocks and ultramafic sills/volcanic
rocks. Dacite in the ‘Felsenmeer flats’area (Figure 2) yielded a crystallization age of 2718 +5/-3 Ma (Table 1; Jackson
et al., 1990). In the nearby Eqe Bay area, intermediate–felsic MRG volcanism occurred between ca. 2760 and
2725 Ma (Bethune and Scammell, 2003a). However,
Young et al. (2007) reported a considerably older age of ca.
2829 Ma (M. Young, unpublished data, 2007) for felsic–intermediate volcanism in the western part of NTS 37G.
Metasedimentary and metavolcanic rocks of presumed
Archean or Proterozoic age have been mapped near Pond
Inlet (NTS 38B), described as quartz-biotite-feldspar
gneiss and amphibolite (‘sv’ unit in Jackson and Davidson,

Table 1: Uranium-lead zircon (thermal ionization mass spectrometry) ages determined for basement gneiss, the Mary River Group (MRG)
and quartzofeldspathic intrusions in the GEM-2 North Baffin study area and the nearby Eqe Bay area.
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1975). The relationship between these strata and the MRG
on the adjacent map area to the south (NTS 37G) has not
been addressed in previous studies.

Quartzofeldspathic intrusions
Quartzofeldspathic intrusions identified by previous fieldwork include foliated to massive quartz monzonite–granodiorite–monzogranite (±K-feldspar or plagioclase megacrysts) and aplitic to pegmatitic syenite dykes. An age of
2709 +4/-3 Ma is reported for monzogranite (Table 1; Jackson et al., 1990). Six calcalkaline granite–granodiorite intrusions bordering the study area near Eqe Bay yield similar
ages ranging from ca. 2726 to 2714 Ma, and thus appear in
part contemporaneous with, and to outlast, MRG volcanism (Bethune and Scammell, 2003a).

Regional metamorphism and deformation
Previous studies have suggested that the study area was
mostly metamorphosed at upper-amphibolite facies, although grades ranging from greenschist to granulite facies
are documented (Jackson and Morgan, 1978a; Jackson,
2000; Jackson and Berman, 2000; Bethune and Scammell,
2003b). Greenschist- to lower-amphibolite–facies assemblages seem to be confined to MRG exposures in the western parts of NTS 37G and the north-central portion of
NTS 37F (Jackson, 2000). Granulite-facies metamorphism
defines a discontinuous ~70 km wide belt (Dexterity
granulite belt) that extends for 280 km northeastward along
the northern margin of the Isortoq fault, from Steensby Inlet
to the east coast of Baffin Island (Figure 1; Jackson, 2000;
Jackson and Berman, 2000). Less extensive zones of
granulite-facies metamorphism have been identified in the
northern part of the study area near Pond Inlet, proximal to
the monzocharnockitic Bylot batholith and surrounding
granulite-facies country rocks on Bylot Island (Jackson and
Berman, 2000).
At least three regionally penetrative deformation events
have been recognized in pre-Mesoproterozoic rocks.
Young et al. (2004) document early foliations and folds (D1)
followed by northwest-vergent folding and axial-planar foliation development during D2, and tentatively interpret D2
as resulting from the middle Paleoproterozoic Trans-Hudson Orogen. Later east-trending folds are recognized in the
southern part of the map area, attributed to D3 by Young et
al. (2004). The northwest-trending White Bay and
Tikerakdjuak fault zones developed across the northwestern part of the study area (Figure 2) during the late Paleoproterozoic to early Mesoproterozoic (Jackson, 2000).
Syndepositional dip-slip movement along these faults
formed the Borden basin that hosts strata of the Mesoproterozoic Bylot Supergroup (Jackson, 2000).
The timing of tectonothermal events in the study area is
poorly constrained. Field relationships suggest that basement gneiss underwent at least one episode of Archean de-
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formation and anatexis prior to MRG deposition (Jackson
and Morgan, 1978a; Jackson, 2000). This is supported by
evidence of >2780 Ma tectonometamorphism in nearby
basement gneiss of the Eqe Bay area (Bethune and Scammell, 2003b). Here, tectonism in the MRG is recorded by
folding prior to ca. 2740 Ma and by low- to medium-pressure regional metamorphism that is attributed to emplacement of ca. 2700–2690 Ma peraluminous plutons (Bethune
and Scammell, 2003b). Enderbite from the Bylot batholith
yielded ca. 2540 Ma zircon (D.J. Scott and G.D. Jackson,
unpublished U-Pb sensitive high-resolution ion
microprobe data), interpreted as representing the timing of
igneous crystallization and potentially corresponding to a
regional tectonothermal event (Jackson and Berman,
2000).
Field relationships and preliminary geochronology suggest
variable Paleoproterozoic overprinting of Archean rocks
(Jackson, 2000). Directly south of the map area, Archean
gneiss, MRG supracrustal units and plutons in the Eqe Bay
area were reworked during ca. 1850–1820 Ma tectonometamorphism attributed to ductile thrusting (Isortoq fault
zone) and associated ca. 1825 Ma granulite-facies metamorphism (Dexterity granulite belt; Bethune and Scammell, 2003b). Apart from local occurrences of subgreenschist-facies minerals, Mesoproterozoic Bylot
Supergroup strata are unaffected by metamorphism,
thereby constraining regional metamorphism to predating
1270 Ma.

2017 field observations
A team of geologists based out of Pond Inlet conducted
daily helicopter-supported foot traverses in areas west and
south of the community in NTS 38B and 37G. Helicoptersupported site visits were used to map areas with isolated
outcrops separated by distances too great to cover on foot,
including glaciated and mountainous terrain east of Pond
Inlet and around Kangiq³uruluk (formerly known as Oliver
Sound), as well as portions of southern NTS 37G hosting
extensive till cover.

Felsic metaplutonic units
Granodiorite–tonalite–monzogranite gneiss
This unit is foliated and medium grained, with compositional banding on the 1–10 cm scale (Figure 4a). Mafic
bands comprise a biotite±hornblende±magnetite assemblage, whereas felsic bands mainly consist of plagioclase–
quartz±K-feldspar. The gneiss varies compositionally on
the scale of several kilometres from dominantly granodiorite to tonalite to monzogranite. The gneiss commonly
contains enclaves or bands of quartz diorite, diorite, gabbro
or, less commonly, hornblendite, which are oriented parallel to foliation and layering (Figure 4a–c). The centimetrescale gneissosity defined by alternating mafic-/felsic-rich
bands is generally accompanied by decimetre- to metre-
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Figure 4: Basement gneiss and plutonic rocks in the Pond Inlet area of northern Baffin Island: a) gneiss composed of granodiorite with
bands of quartz diorite and monzogranite defining S1a (hammer for scale); b) monzogranitic gneiss containing gabbroic bands, folded by a
recumbent F2 fold, (field of view = 700 m, toward the north); c) gneiss composed of quartz diorite with S1a-parallel monzogranite bands and
gabbro enclaves/bands; gneissic bands folded and boudinaged during D2 are crosscut by a north-striking pegmatitic syenogranite dyke
(hammer for scale); d) weakly developed L2 lineation defined by rodding of quartz and feldspar and aligned biotite in homogeneous
monzogranite; e) garnet (Grt)–clinopyroxene (Cpx)–hornblende (Hbl) gabbro, with plagioclase (Pl) coronae surrounding garnet; weak
compositional banding and mineral alignment define S1a; f) gabbro and leucograbbro layers (S0) within a layered mafic–ultramafic intrusion
(scale bar = 7 cm).
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scale compositional banding resulting from the transposition of different rock types.

tic monzogranite–granodiorite seems to be more dominant
in the western portion of NTS 37G.

The granodiorite–tonalite–monzogranite gneiss is tentatively inferred to represent the basement to MRG supracrustal strata and the host to subsequent intrusions. It is extensive in the northern part of the map area, occurring from
Utsuk south to Kangiq³uruluk and west to Tuqqajaat (formerly known as Cape Hatt; Figure 2), as part of the footwall
to the White Bay fault. It also occurs in the northern part of
NTS 37G where it is commonly intruded by quartzofeldspathic plutonic units, but was rarely encountered in the
southern portions of NTS 37G owing to the predominance
of the MRG and more homogeneous plutonic units.

Syenogranite

Monzogranite–granodiorite plutonic suite(s)
Medium-grained biotite±hornblende±magnetite monzogranite–granodiorite (Figure 4d) is widespread, and particularly extensive in the southern part of the map area
(NTS 37G). Plutons are homogeneous and typically
weakly foliated but range from massive to strongly foliated, and occur as L- or L>S-tectonite in the central part of
NTS 37G (e.g., the Tuktuliarvik study area). Coarse Kfeldspar crystals (≤1.5 cm) occur in some localities. The intrusions locally contain enclaves of diorite or gabbro. In
NTS 37G, monzogranite–granodiorite encloses enclaves of
fine-grained, foliated mafic rocks ranging in size from <1 m
to 10–20 m; these enclaves commonly exhibit relict volcanic textures and are interpreted as being derived from the
MRG (discussed below). Weakly foliated monzogranite is
observed to crosscut granodiorite gneiss in several localities.
Feldspar-megacrystic monzogranite–granodiorite
Feldspar-megacrystic monzogranite to granodiorite intrusions form 1–10 km-scale plutons in the central portion of
NTS 37G. This unit is characterized by euhedral, weakly
compositionally zoned megacrysts (2–5 cm) of either
potassic feldspar or plagioclase feldspar within a granitic
medium- to coarse-grained groundmass. Mafic minerals
include biotite+hornblende+magnetite±muscovite. The
plutons locally exhibit a weak tectonic lineation or foliation, but are typically massive due to their coarse grain size
and low proportion of mafic minerals. Megacrysts are locally aligned, potentially indicative of primary magmatic
flow.
Plagioclase-megacrystic granodiorite located ~45 km east
of the Tuktuliarvik study area is crosscut by fine-grained
granodiorite to monzodiorite, interpreted to represent a late
pulse within the same magmatic system. The plagioclasemegacrystic pluton contains dioritic to gabbroic enclaves
with southwest-plunging long axes, suggesting that, despite the absence of penetrative tectonic fabrics, the pluton
experienced deformation. Potassium-feldspar–megacrys-
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The youngest documented felsic plutonic phase comprises
coarse-grained to pegmatitic, massive syenogranite dykes.
The dykes intrude the granodiorite–tonalite–monzogranite
gneiss, the monzogranite–granodiorite intrusions, and although they rarely crosscut the MRG, they intrude
metasupracrustal sequences in NTS 38B. The dykes range
in width from 5 cm to 3 m and contain biotite±magnetite.
Hornblende or clinopyroxene occurs locally in pegmatitic
syenogranite dykes that crosscut hornblende-bearing
plutonic units or mafic enclaves. The dykes typically crosscut deformation fabrics in hostrocks (Figure 4c), with some
dykes semiconcordant to foliation having intruded approximately parallel to foliation planes.
Massive coarse-grained syenogranite forms a pluton
~10 km in size southeast of Utsuk (Figure 2) that crosscuts
foliated basement gneiss. Associated dykes of coarsegrained to pegmatitic syenogranite occur along the edges of
the pluton.

Metamorphosed intermediate, mafic and
ultramafic units
Diorite, gabbro and hornblendite enclaves
Medium-grained hornblende±biotite±clinopyroxene
diorite and gabbro enclaves occur within granodiorite–
tonalite–monzogranite gneiss (commonly forming bands;
Figure 4a–c) and monzogranite–granodiorite intrusions;
medium- to coarse-grained hornblendite enclaves are less
common. Enclaves are generally foliated, <1 m in size,
comprise ≤10% of outcrop volume and are oriented parallel
to the tectonic fabrics in the hostrocks.
Garnet-bearing gabbro–leucogabbro–diorite–quartz
diorite
Medium- to coarse-grained, garnet-bearing mafic–intermediate rocks are common south and east of Pond Inlet in
NTS 38B, defined by the mineral assemblage hornblendeplagioclase-garnet±clinopyroxene±biotite±quartz. This
unit is foliated, and locally exhibits weak compositional
banding defined by alternating mafic- and felsic-rich layers. Garnet typically forms porphyroblasts 2–5 mm in size,
with modal abundances of <5% to 25% (Figure 4e). Garnet
is coarser (1–1.5 cm) or finer (≤1 mm) grained in some localities. Plagioclase rims (≤1 mm wide) around garnet are
common near Kangiq³ugaapik (formerly known as Erik Harbour), Utsuk and along the coast west of Pond Inlet (Figures 2, 4e). In the latter two locations, garnet locally exhibits double coronae of clinopyroxene surrounded by
plagioclase.
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Layered mafic–ultramafic bodies
Mafic–ultramafic intrusions preserving evidence of magmatic layering were identified along the northern coast of
Baffin Island, most notably on the northeastern coast of
Kangiq³uruluk and at Tuqqajaat (Figure 2).
The Kangiq³uruluk intrusion forms a folded body ~5 km in
size occurring within granodioritic basement gneiss. The
intrusion defines a moderately north-plunging, steeply
northwest-inclined, tight fold. It consists of 100–500 m layers of gabbro/diorite with hornblende clinopyroxenite and/
or websterite. Within gabbroic portions, primary (S 0 )
decimetre-scale, rhythmic compositional layering is defined by varying proportions of plagioclase and clinopyroxene (or hornblende after clinopyroxene), producing
alternating bands of leucogabbro and gabbro (Figure 4f).
This layering is irregular along strike, exhibiting truncations and layer-scale deformation that possibly reflects dynamic magmatic conditions. The igneous layering is overprinted by metamorphic foliation defined by aligned
plagioclase and hornblende.
The smaller (~200 m thick) layered mafic–ultramafic intrusion at Tuqqajaat comprises peridotite overlain by layered
gabbro. Nearby occurrences of quartz diorite bodies within
quartzofeldspathic gneiss may represent evolved portions
of the intrusion, as observed in other layered systems (e.g.,
Zhou et al., 2004; Zhang et al., 2009, 2011).
In both the Kangiq³uruluk and Tuqqajaat bodies, contacts
between the intrusion and basement gneiss appear discordant, with igneous layering within the intrusion but parallel
to gneissosity or tectonic fabrics within the basement
gneiss. These contacts may be tectonic, possibly reflecting
the tectonic dismemberment of one or more larger intrusions.

Mary River Group (NTS 37G)
Detailed descriptions of the stratigraphy of the MRG are
given in Jackson (2000), Young et al. (2004) and Johns and
Young (2006). The following overview of the main MRG
map units is based on new mapping of well-exposed MRG
sequences in the Tuktuliarvik study area (Bros and Johnston, 2017) and ‘Felsenmeer flats’ (Figure 2), supplemented
by observations of a poorly exposed but extensive belt of
the MRG in central NTS 37G, as well as volumetrically
small MRG exposures in other locations across NTS 37G.
In general, the stratigraphy of the MRG in the study area
comprises a lower section of dominantly mafic volcanic
rocks with lesser psammite±quartzite, overlain by iron formation and an upper sequence of psammite±quartzite and
felsic–intermediate volcanic rocks with minor mafic volcanic units (Young et al., 2004; Johns and Young, 2006; Bros
and Johnston, 2017; this study). Ultramafic rocks form
low-volume, discontinuous layers at various stratigraphic
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levels. The MRG is surrounded by monzogranite–granodiorite that ranges from massive to weakly foliated, to
strongly lineated and/or foliated. Gneissic rocks characteristic of ‘basement’ (e.g., granodiorite–tonalite–monzogranite gneiss, described above) were rarely observed
proximal or in direct contact with the MRG. Contact relationships are typically not exposed or ambiguous, in part
owing to intense deformation, although monzogranite–
granodiorite locally displays clear intrusive relationships
into rocks interpreted as MRG (Figure 5a). Accordingly,
monzogranite–granodiorite commonly contains mafic volcanic enclaves/rafts, ranging in size from a few decimetres
to several metres, which are interpreted as being derived
from the MRG. The association of strongly deformed
greenstones with later syntectonic plutonic units is typical
of Archean granite-greenstone belts observed worldwide
(e.g., Condie, 1981; de Wit and Ashwal, 1997).
Many MRG rafts within plutonic rocks, including MRG
exposures in the Tuktuliarvik study area, form lens-shaped
bodies and exhibit intense stretching lineations consistent
with boudinage (Bros and Johnston, 2017). The MRG is
moderately to strongly foliated, in places folded, and commonly exhibits stretching lineations or mineral lineations.
Intense stretching lineations are pervasive in the west-central part of NTS 37G, and locally in other areas, forming
L>S- or L-tectonites (Figure 5b). Outside of extensive
MRG sequences in the west-central portion of NTS 37G,
the generally sporadic distribution of MRG rocks is attributed to pluton emplacement and subsequent boudinage.
Mafic volcanic (and subvolcanic) rocks
Mafic volcanic rocks are fine to medium grained and contain hornblende-plagioclase±actinolite±clinopyroxene±
magnetite±biotite±quartz±garnet±chlorite±epidote assemblages. Mafic volcanic rocks are typically equigranular, or characterized by hornblende that forms mediumgrained crystals within a fine-grained matrix. Compositional banding is common, defined by alternating maficand felsic-rich layers 5 mm to 5 cm thick, and may represent
volcanic layering. Relict volcanic textures occur locally, including fine-grained plagioclase-rich clasts or coarsegrained hornblende/clinopyroxene pods within a finegrained mafic matrix (Figure 5b, c), or layered bomb- or
lens-shaped mafic clasts (Figure 5c, d). In rare cases, mafic
volcanic deposits contain thin interbeds of carbonate mud
(Figure 5d). Fine- to medium-grained mafic rocks that lack
definitive volcanic textures may represent thick flows or
shallow subvolcanic intrusions.
Banded iron formation
The MRG hosts oxide- and silicate-facies banded iron formation (BIF) that is most abundant in the west-central portion of NTS 37G. Iron formation is typically 3–10 m thick,
concordant with volcano-sedimentary layering and locally
forms larger bodies (Figure 6a) that can be >100 m thick
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and extend for tens of kilometres along strike (MacLeod,
2012). The MRG hosts nine high-grade iron deposits that
are currently tenured to Baffinland Iron Mines Corporation, most notably the Mary River Deposit No. 1 mine (Figure 2). The high-grade iron ore is interpreted to have
formed from BIF that underwent pervasive desilicification
resulting from circulation of hot, alkaline brine (MacLeod,
2012). These deposits are described in detail in previous
studies (Jackson, 2000, 2006; Young et al., 2004; MacLeod,
2012).
The oxide-facies BIF is characterized by 0.1–3 cm–scale
banding of magnetite (±hematite) and chert (Figure 6b),
with local occurrences of massive magnetite beds up to
10 m thick. Silicate-facies BIF is less common, and comprises alternating bands of quartz, magnetite and cummingtonite-grunerite±garnet that are 0.1–3 cm thick (Figure 6c).
Whereas some BIFs have orange/purple gossanous weath-

ering, most weather dark grey, grey-blue or dark brown
(Figure 6a). Outside the BIF, isolated ironstone layers are
relatively common within mafic and ultramafic volcanic
units, forming centimetre- to decimetre-scale bands of
granular magnetite±hematite.
Andesite and rhyolite
Intermediate rocks are less common than mafic units in the
MRG. Although they contain higher proportions of plagioclase and quartz, intermediate volcanic and subvolcanic
rocks in the MRG have the same mineral assemblages and
similar textures as their mafic counterparts, described
above.
Rhyolite is overlain by banded iron formation and underlain by psammite in the Tuktuliarvik study area. The rhyolite is aphanitic apart from fine-grained muscovite and
millimetre-scale quartz bands, which are parallel to

Figure 5: Mafic volcanic rocks assigned to the Mary River Group (MRG) of northern Baffin Island: a) layering (S0) and layer-parallel S1a in
mafic volcanic rock truncated by an intrusion of biotite (Bt) monzogranite (hammer for scale); b) strong L2 lineation (white dashed line) in
mafic volcanic rock consisting of rodded hornblende (Hbl) aggregates within a matrix of hornblende-plagioclase-actinolite; c) foliated (S1a
parallel to volcanic layering, S0) mafic volcanic rock composed of a fine-grained matrix and pods of coarse-grained clinopyroxene (Cpx),
plagioclase (Pl) and hornblende (Hbl), interpreted as volcanic clasts; d) clinopyroxene (Cpx)–hornblende (Hbl)-bearing mafic
volcaniclastic rock with interbeds of carbonate mud (±crystalline calcite); defined by elongated and disaggregated clasts, S1a foliation is
parallel to volcanic layering (S0).
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Figure 6: Banded iron formation (BIF) and metasedimentary rocks in the Mary River Group (MRG) of northern Baffin Island: a) aerial view of
an oxide-facies BIF located 16 km east of Deposit No. 1 (field of view is 100 m wide, toward the northwest); b) folded (F2) oxide-facies BIF
near the Tuktuliarvik study area, composed of alternating layers (S0) of magnetite (Mag) and chert (scale marker is 8 cm long); c) silicate-facies BIF in the Tuktuliarvik study area, consisting of alternating layers (S0) of quartz (Qtz), magnetite (Mag) and cummingtonite (Cum)grunerite (Gru)±garnet (Grt); some layers exhibit boudinage in a direction parallel to L2 stretching lineations (hammer for scale); d) strongly
lineated (L2) chlorite (Chl) schist in the Tuktuliarvik study area, containing euhedral porphyroblasts of garnet (Grt) and staurolite (St) up to
7 cm long.

compositional banding defined by alternating pale yellowand cream-coloured bands up to 1 cm thick.
Ultramafic rocks
Ultramafic rocks form a relatively minor component of the
MRG, and field observations in 2017 suggest that they are
not as spatially extensive as indicated by previous studies
(e.g., Davidson et al., 1979). Ultramafic rocks are documented in the southeastern part of NTS 37G (including
‘Felsenmeer flats’) and the Tuktuliarvik study area, forming discontinuous layers. They typically comprise aligned
orthopyroxene phenocrysts within a beige or light grey to
black, fine-grained to aphanitic groundmass, suggesting a
subvolcanic or volcanic protolith such as komatiite. Spinifex texture, characteristic of many komatiitic sequences,
was not observed, possibly owing to extensive recrystallization and/or deformation.

Summary of Activities 2017

Psammite, quartzite, semipelite, pelite
Concordant with volcanic strata, siliciclastic sequences are
mostly up to ~10 m thick (hundreds of metres thick in
places, such as the Tuktuliarvik study area). Muscovite±biotite psammite is the most common and abundant siliciclastic unit. Quartzite contains muscovite±biotite±garnet
and is in sharp contact with (structurally) underlying
monzogranite in the Tuktuliarvik study area. Pelite and
semipelite contain chlorite-muscovite-biotite±garnet±staurolite±magnetite, with staurolite locally forming
megacrysts up to 7 cm long (Figure 6d). Garnet porphyroblasts are euhedral and typically 0.5–1 cm in size; megacrysts 5 cm long occur locally.

Metamorphosed supracrustal sequences, Pond
Inlet area (NTS 38B)
Metamorphosed supracrustal sequences are documented in
four main areas in NTS 38B, which comprise exposures
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over several kilometres (≤10 km) at Qimivvik (formerly
known as Emmerson Island) and ~20–30 km east of Utsuk,
with more limited exposures at the eastern end of Kangiq³uruluk and the coast west of Kangiq³ugaapik (Figure 2).
These units were found to have markedly different compositions and spatial distributions than the volcano-sedimentary rocks previously mapped in NTS 38B (unit ‘sv’ in
Jackson and Davidson, 1975). As the metasupracrustal sequences are dominantly siliciclastic (≤90% of outcrop volume), iron formation is absent and rare mafic–ultramafic
components lack obvious volcanic features, they are tentatively considered distinct from the MRG. Contacts with surrounding granodiorite–tonalite–monzogranite gneiss,
monzogranite–granodiorite or garnet-bearing mafic–intermediate intrusive rocks are not exposed, except for a
thrusted contact with tonalite gneiss on Qimivvik (Figure 7a; discussed below). The supracrustal sequences are
foliated parallel to compositional layering, and are commonly folded and lineated.

Psammite, semipelite, pelite and quartzite
Siliciclastic rocks are composed dominantly of psammite
containing biotite±garnet; cordierite occurs locally (e.g.,
Qimivvik). Biotite semipelite is interlayered with psammite at Kangiq³uruluk and east of Utsuk, and at the latter location, pelite contains garnet (Figure 7b) and prismatic
sillimanite. Semipelite and pelite at Qimivvik contain biotite-garnet±sillimanite (Figure 7c). Quartzite is rare, recognized only as layers 10–30 cm thick in psammite near the
eastern coast of Kangiq³uruluk, and contains minor biotite.
Leucogranite
Discontinuous leucogranite lenses and bands are ubiquitous in supracrustal sequences identified in NTS 38B (Figure 7b, c). Leucogranite comprises plagioclase–quartz–Kfeldspar±garnet±biotite. Sillimanite was identified in
leucogranite at Qimivvik, east of Utsuk and at Kangiq³ugaapik. Leucogranite at Qimivvik also contains coarsegrained muscovite. Leucogranite forms dykes and sills up
to 20 m wide that are generally concordant with foliation

Figure 7: Metamorphosed supracrustal strata in the Pond Inlet area (NTS 38B): a) thrust fault, dipping shallowly to the northeast, exposed
on the southern cliffs of Qimivvik (formerly known as Emmerson Island) along Tasiujaq (formerly known as Eclipse Sound), where the thrust
juxtaposes tonalitic gneiss over pelite (brown) and leucogranite (white); leucogranite forms dykes and sills concordant to and crosscutting
layering in the pelite (field of view is ~3 km); b) sillimanite (Sil)–garnet (Grt)–biotite (Bt) pelite ~30 km east of Utsuk, containing garnet
porphyroblasts 3 cm long and leucogranite bands defining the bedding-parallel S1b; c) sillimanite (Sil)–garnet (Grt)–biotite (Bt) pelite from
the thrust footwall at Qimivvik, containing discontinuous lenses of leucogranite; bedding, bedding-parallel foliation (S1b) and leucogranite
are folded (F2).
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and layering in supracrustal sequences (Figure 7a), and
commonly contain rafts of pelite, semipelite and psammite.

Uluksan Group: carbonate platform

Pyroxenite and mafic–intermediate rocks

The Arctic Bay Formation comprises mainly carbonaceous
shale characterized by mudcracks and ripple marks (Figure 8c). The formation is divided into the Upper and Lower
members: the Lower member mainly consists of dark grey
to black shale interbedded with siltstone (Figure 8c) and
lesser quartz sandstone and dolostone; the Upper member
contains dominantly limy shale and has a greater abundance of quartz sandstone and dolostone, which can be
brecciated, cherty or stromatolitic. According to Jackson
(2000), the Arctic Bay Formation was mostly deposited in
subtidal, shoreline and deltaic environments, and the Upper
member includes a carbonate-basin setting.

Intermediate to ultramafic bodies occur rarely within the
metasedimentary sequences in NTS 38B, and their relationship to exposures of intermediate/mafic/ultramafic
rocks elsewhere in the study area is unclear. Pyroxenite
forms a ~10 m boudin-shaped body within psammite in the
Qimivvik area (Figure 2), and contains the assemblage
orthopyroxene-clinopyroxene-tremolite-grunerite-magnetite-phlogopite. Orthopyroxene forms oikocrysts and the
pyroxenite contains veins of magnetite. Mafic–intermediate rocks were only observed in the supracrustal sequence
located ~30 m east of Utsuk, occurring as discontinuous
layers 15 cm thick oriented parallel to bedding in semipelite. With a compositional range from gabbro to quartz
diorite, the layers are medium to coarse grained and contain
hornblende-garnet-clinopyroxene-plagioclase±quartz.

Mesoproterozoic strata: Bylot Supergroup (ca.
1.27–1.24 Ga)
Bylot Supergroup strata occur extensively in the northwestern portion of the study area. The strata are within the
Milne Inlet trough, one of three northwest-trending grabens forming the Borden rift basin (Jackson and Davidson,
1975; Jackson and Iannelli, 1981). Bylot Supergroup strata
nonconformably overlie granodiorite–tonalite–monzogranite gneiss and monzogranite–granodiorite, and are in
faulted contact with the latter units along the normal-sense
White Bay fault in the northeast (Figure 8a) and the
Tikerakdjuak fault in the southwest (Figure 2). The strata
are unmetamorphosed and not penetratively deformed, typically exhibiting gentle dips of ≤10° toward the northwest
or southeast.
Detailed descriptions of the Bylot Supergroup are provided
in Jackson (2000) and Turner (2009, 2011). A summary is
given here, using previously established nomenclature for
stratigraphic units, which are described in ascending stratigraphic order.
Eqalulik Group, Adams Sound Formation: basal
clastic sequence
The Adams Sound Formation is up to 100 m thick and comprises light grey to beige, fine- to medium-grained quartz
sandstone and minor basal quartz-pebble conglomerate
(Figure 8b). Bedding thickness ranges from thin to thick
and crossbedding is common. The Adams Sound Formation is interpreted as braided fluvial strata overlain by
intertidal to subtidal sandstone (Jackson, 2000).
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Arctic Bay Formation

Iqqittuq and Angmaat formations
The Iqqittuq Formation is mostly composed of light grey,
thinly bedded to massive dolostone that commonly contains stromatolites and is locally interbedded with grey
shale. The Iqqittuq Formation is overlain by the Angmaat
Formation, which consists of cyclic packages of stromatolitic dolostone (Figure 8d) and partly silicified seafloor precipitates. Red–green shale and gypsum occur locally,
capped by dolostone that characteristically forms cliffs and
ridge-tops (Figure 8e). The Angmaat Formation formed in
a shallow platform environment and the Iqqittuq Formation
represents a carbonate ramp, with distally steepened ramp
to slope zones (Turner, 2009).
Victor Bay and Athole Point formations
The lower member of the Victor Bay Formation comprises
grey to black, thinly bedded to massive argillaceous dolostone, argillaceous limestone and shale. The upper member
is dominantly light grey, poorly bedded to massive dolostone and the uppermost strata comprise stromatolitic
bioherms with diameters of ~5 m. Both the lower and upper
members contain edgewise/intraformational conglomerate
and breccia. The Athole Point Formation consists of grey to
black, thinly bedded argillaceous limestone, calcareous
shale and siltstone, with lesser stromatolitic chert, limestone and sandstone.

Mafic dykes (Franklin dyke swarm)
Mafic dykes in the study area form part of the well-studied
Neoproterozoic (ca. 723 Ma) Franklin dyke swarm (e.g.,
Fahrig and West, 1986; Heaman et al., 1992; Pehrsson and
Buchan, 1999; Buchan and Ernst, 2013). The dykes, which
vary in thickness from 10 to 50 m, are northwest-southeaststriking and subvertical to steeply dipping. They are laterally extensive (with individual dykes traceable for up to
60 km along strike) and form imposing ridges above preferentially weathered Bylot Supergroup strata. The dykes consist of fine- to medium-grained diabase (dolerite), gabbro
or olivine gabbro. They exhibit typical grain-size coarsen-
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ing from dyke margins to interiors, are strongly magnetic
and show characteristic ophitic to subophitic textures.
Dykes of the undated Dexterity Fiord swarm, despite being
mapped near the head of Qiajivik (formerly North Arm;
Buchan and Ernst, 2013), were not encountered during foot
traverses or helicopter-supported transects.

Metamorphism
Metamorphic mineral assemblages observed in plutonic/
gneissic rocks during the 2017 field season are consistent
with medium-pressure and medium- to high-temperature
conditions. In the Archean quartzofeldspathic units that underlie most of the map area, biotite±hornblende±magnetite

Figure 8: Field photos of Mesoproterozoic Bylot Supergroup strata in northern Baffin Island: a) aerial view of White Bay fault (WBF) exposed along Tay Sound, showing open-folded dolostone of the Angmaat Formation in the hangingwall (field of view is ~4 km, looking northwest); b) medium-bedded, light grey quartz sandstone and, in inset photo, basal quartz-pebble conglomerate, Adams Sound Formation
(hammer for scale); c) ripple marks on siltstone bedding surface, Lower member of the Arctic Bay Formation); d) stromatolitic dolostone,
Angmaat Formation (pencil tip for scale); e) subhorizontal, medium-bedded dolostone overlying a sequence of interbedded red shale and
gypsum, Angmaat Formation (field of view is ~1 km).
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(±clinopyroxene) mineral assemblages and the overall absence of orthopyroxene suggest regional metamorphism at
broadly amphibolite facies. This is supported by widespread hornblende±clinopyroxene±biotite assemblages in
mafic enclaves/intrusions/bands within felsic plutonic and
gneissic units.
Lower-temperature variations in metamorphic grade are
recognized in supracrustal rocks. Mafic volcanic rocks of
the MRG (NTS 37G) generally have hornblende-clinopyroxene-actinolite (±chlorite±epidote) assemblages, suggesting lower-amphibolite to upper-greenschist–facies
metamorphism. Where present, MRG metasedimentary
units also record lower-temperature conditions, including
muscovite±biotite psammite and chlorite–muscovite±garnet±staurolite±biotite pelite documented in the Tuktuliarvik study area. At this locality, actinolite in MRG mafic–intermediate rocks postdates foliation and stretching/mineral
lineations that are defined by hornblende-bearing assemblages, suggesting postkinematic retrograde actinolite
growth (Bros and Johnston, 2017).
Supracrustal sequences in NTS 38B record upper-amphibolite to granulite–facies conditions, as indicated by garnet-sillimanite (or cordierite)–biotite assemblages in
siliciclastic units. The presence of leucogranite veins and
dykes suggests that partial melting occurred. Local granulite-facies conditions in the northern part of the map area
are consistent with the assemblage hornblende-garnetclinopyroxene in gabbro to diorite. In summary, the map
area seems to record an overall decrease in regional peakmetamorphic grade from north to south.

Deformation
Archean–Paleoprotorozoic rocks record a complex deformation history attributed to at least two regional deformation events, and structural grain and dip direction tend to
vary on the scale of 1–10 km. In the following discussion,
designation of deformation events as ‘D1’‘and ‘D2’is based
solely on 2017 fieldwork and does not imply equivalence to
deformation events described in previous studies (e.g., D1,
D2 in Young et al., 2004).
An early foliation (S1a) is recognized in gneissic basement
rocks, aligned parallel to gneissic layering (Figure 4a, c)
and axial planar to isoclinal folds (F1a). Pre-Mesoproterozoic supracrustal rocks (MRG and supracrustal units in
NTS 38B) record an early foliation oriented parallel to bedding and/or volcanic layering (Figures 5, 7). This foliation
is tentatively denoted S1b, as it could be younger than S1a in
gneissic basement rocks, although the relative ages of these
fabrics remains speculative. Some MRG exposures do not
exhibit a recognizable S1b fabric (Figure 6b–d), either due
to an intense overprint by L2 stretching lineations (discussed below) or an absence of early fabric development.
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The early S1a, b fabrics are defined by peak-metamorphic
mineral assemblages.
The MRG, basement gneiss and some intrusions are affected by subsequent deformation that produced decimetre
to kilometre-scale folds with variably dipping axial planes,
striking approximately east–west (ranging from westnorthwest–east-southeast to west-southwest–east-northeast). Large folds are identifiable on the aeromagnetic map
(Figure 3). The folds are generally tight and recumbent to
overturned, and are tentatively ascribed to a regional deformation event (D2) for ease of discussion here and in Figures 4–7. However, kinematic variability exists among
folds and associated lineations in different localities, particularly between the southern and northern ends of the
study area; forthcoming structural and geochronological
studies will shed light on the nature and timing of
deformation events (see ‘Future work’ section below).
Regional structural patterns appear to be defined by dominant orientations of S1a, b and late (F2) folds. The eastern
half of NTS 37G is characterized by a northwest-southeaststriking structural grain (Figure 3). In NTS 38B and the
western portion of NTS 37G, structural grain typically
strikes northwest-southeast to northeast-southwest.
The central portion of NTS 37G, including the Tuktuliarvik
study area, is characterized by L>S- and L-tectonites with
stretching lineations that are mainly moderately southsoutheast-plunging and northeast- or southwest-plunging.
These orientations are relatively consistent with those of
less intense lineations elsewhere in the map area, although a
shallowly northwest-plunging lineation is common in
NTS 38B. Variably oriented ductile lineations may have resulted from stretching in an orientation co-axial with F2
hinges (pure shear) as well as along F2 fold limbs (simple
shear). Boudinage of the MRG may have also occurred during D2.
A thrust zone is well exposed in the cliffs on the southern
side of Qimivvik, where tonalitic basement gneiss overlies
metasedimentary rocks (Tasiujaq thrust; Figures 2, 7a). The
thrust contact dips shallowly toward the northeast.
Footwall supracrustal rocks exhibit bedding-parallel S1b,
defined by aligned peak-metamorphic minerals and
leucogranite. The S1b fabric has been penetratively deformed by folds with east- to east-southeast-plunging
hinges, the wavelength of which ranges from a few centimetres to ~100 metres. These folds are interpreted as being
associated with thrusting. The relationship between D2 and
the Tasiujaq thrust is presently uncertain, as is the equivalence of S1b here to S1b in the MRG.
In Mesoproterozoic strata, which are largely subhorizontal,
moderate dips of up to 40° are documented adjacent to
nonconformable contacts, associated with open drag folds
attributed to normal-sense displacements along the syn- to
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postdepositional White Bay and Tikerakdjuak faults (Figure 8a).
Late normal faults are recognized near Pond Inlet, most notably an east-striking fault that extends at least 45 km, forming an escarpment from the coast to the northern head of
Utsuk and further eastward to the glacier (Figure 2). Along
the northern downthrown side, gneissic monzogranite/
quartz diorite is gossanous and contains abundant finegrained, disseminated magnetite that may have resulted
from fault-related fluid alteration.

Regional tectonic considerations
The tectonostratigraphic framework based on the 2017
fieldwork sets the stage for research into regional tectonics.
Geochronological and geochemical characterization of
basement gneiss and plutons will help determine the
Archean cratonic affinity of northern Baffin Island. Resolving the metamorphic and structural history of the study
area will fill a gap in the understanding of Baffin Island geology, and may lead to tectonic links with other regions. For
example, the age, stratigraphy and tectonic history of the
MRG are important for proposing correlations with greenstone belts of the mainland Rae craton, such as the Prince
Albert and Roche Bay greenstone belts (Corrigan et al.,
2013) of the Repulse Bay block, or with the Melville Bugt
group of northwest Greenland (e.g., Dawes, 2006). The
Tasiujaq thrust may represent the far-field expression of
one of several orogens (St-Onge et al., 2015b), including
the Arrowsmith (ca. 2.5–2.3 Ga), Ellesmere-Inglefield (ca.
1.96–1.92 Ga) or Trans-Hudson (ca. 1.88–1.80 Ga). Resolving these questions is key for plate-tectonic reconstructions of northeastern Nunavut, with potential implications
for regional correlations between mineralized terranes.
Elucidating structural elements associated with the TransHudson Orogen is of particular relevance to genetic models
for Fe-mineralization at Mary River (MacLeod, 2012).

Economic considerations
Mineral deposits, showings and occurrences in parts of the
Pond Inlet–Mary River area have been summarized in several publications (Jackson, 1969, 2000; Jackson and
Sangster, 1987; Young et al., 2004; Johns and Young, 2006;
Harrison, 2015) based on fieldwork and the compilation of
industry assessment reports. In addition to iron formation
and associated economic iron deposits of the MRG, sparse
Cu, Mo, Pb-Zn, gypsum and coal showings have been documented. As highlighted by Saumur et al. (2017), northern
Baffin Island could also be prospective for a variety of commodities based on potential regional correlations with resource-endowed units, and/or geologically analogous terrains further afield. Notable examples include: significant
Mississippi Valley–type Zn-Pb mineralization in the Bylot
Supergroup ~200 km to the northwest of the field area
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(Nanisivik; e.g., Patterson and Powis, 2002; Turner, 2011);
thickened, kimberlite-bearing Archean gneiss of southern
Baffin Island (Chidliak, e.g., Nichols et al., 2013); Au-, Niand Fe-bearing greenstone belts of mainland Rae craton to
the southwest (e.g., Houlé et al., 2012; Corrigan et al.,
2013); various localities of ilmenite, pyrite, magnetite and
copper mineralization at Melville Bugt, northwest Greenland (Dawes, 2006); and carving stone occurrences on
southern Baffin Island and in the Repulse Bay block (e.g.,
Beauregard and Ell, 2015).
New field observations have further documented and constrained previously recognized mineral showings, as well
as identified new showings and constrained economically
prospective units, which are described below.

Iron formation
Several previously identified occurrences were targeted for
detailed study, notably the Tuktuliarvik (Bros and Johnston, 2017) and ‘Felsenmeer flats’study areas. Generally, the
iron formation is classified as Algoma-type, and consists of
fine (millimetre- to centimetre-scale) intercalations of
magnetite–hematite and quartzite. Bodies are laterally discontinuous at the mesoscale, forming boudins within other
supracrustal units of the MRG. Continuing mapping efforts
will constrain the regional extent and structure of the various iron formation units, which will benefit future exploration efforts.

Zn-Pb
Minor sphalerite and galena have been identified within the
hangingwall of the White Bay fault, notably along the eastern coast of Tay Sound (M. Young, unpublished notes,
2003), where mineralization is hosted within the Iqqittuq
Formation (Young et al., 2004). This likely represents subordinate mineralization to that observed at Nanisivik (Figure 1; e.g., Turner, 2011). Late faulting along the White Bay
fault may have provided pathways for hydrothermal fluids,
thereby promoting local remobilization and transport of
metals.

Carving stone and soapstone
Carving stone is documented in small volumes throughout
the greenstone belts of NTS 37G (Young et al., 2004). In
addition, one notable new soapstone occurrence was encountered in NTS 38B, at Tuqqajaat, where strongly serpentinized peridotite forms part of an ultramafic–mafic intrusion. This body of serpentinite ~20 m thick occurs at the
contact with a late pegmatitic syenogranitic intrusion, suggesting a possible link between syenogranite emplacement
and the alteration/hydration of peridotite.

Ni-Cu-platinum group elements (PGE)
The potential for Ni-Cu-PGE mineralization in mafic and
ultramafic volcanic and subvolcanic rocks of the MRG and
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Franklin dykes has been noted by Young et al. (2004) and
Johns and Young (2006). Several new occurrences of pyrite, pyrrhotite and chalcopyrite mineralization within
mafic–ultramafic intrusive units were noted in the study
area. In particular, the Kangiq³uruluk layered mafic–ultramafic intrusion contains sparse units that host trace to disseminated sulphide mineralization. Such environments
could be prospective as they have been shown to be prone
to magmatic Ni-Cu-PGE mineralization, for example the
Raglan deposit of northern Quebec (St-Onge and Lucas,
1994; Lesher, 2007), the Emeishan large igneous province
intrusions of southwest China (Zhang et al., 2009) and the
Huangshan district of northwest China (Zhou et al., 2004).

land Iron Mines Corporation and the Qitiktani Inuit Association. NRCan staff L. Robertson, and G. Buller are thanked
for contributing to the compilation and construction of the
GIS database, and V. Tschirhart is thanked for providing
Figure 3. Thanks are extended to the GEM Coordination
Office, including N. Shea and S. Dehler for their managerial support, K. Clark for leading community engagement,
and R. Khoun, M. Francis, R. Murphy and J. Stenzler for
administrative support. The authors are grateful to D. Regis
for providing a helpful and constructive review of this
article.
Natural Resources Canada, Lands and Minerals Sector
contribution 20170235

Future work
Data and observations from the fieldwork described herein
will lead to the compilation and publication of three new
1:100 000 scale bedrock geology maps. The second phase
of bedrock geology mapping is planned for the summer of
2018 in NTS 37E and F. To determine the timing of igneous
crystallization and supracrustal deposition of the main map
units, 12 samples were collected for U-Pb zircon geochronological analyses. Together with in situ U-Pb monazite dating and quantitative petrology in selected samples, these
analyses will also help establish the timing of regional
metamorphism and deformation. A Master’s thesis, based
at the University of Alberta, will focus on tectonostratigraphy, structure and metamorphism of the MRG and surrounding quartzofeldspathic units exposed in the Tuktuliarvik study area (Bros and Johnston, 2017). This work will
be complemented by research at the University of Cambridge concentrating on the pressure-temperature conditions and timing of metamorphism in the MRG.
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This work is part of the Geo-mapping for Energy and Minerals (GEM-2) Program on Baffin Island and is being led by the Geological Survey of Canada (GSC) in collaboration with the Nunavut Arctic College, the Government of Nunavut Department of Economic Development and Transportation, the University of Alberta and the University of Cambridge. The study area comprises four 1:250 000 scale
National Topographic System map areas south of Pond Inlet (NTS 37E–G, 38B). The objective of this work is to complete the regional bedrock mapping of northern Baffin Island and develop a new, modern, geoscience knowledge base for the region.
Bros, E.R. and Johnston, S.T., 2017: Field observations of the Mary River Group south of Tay Sound, northern Baffin Island, Nunavut:
stratigraphy and structure of supracrustal sequences and surrounding plutonic units; in Summary of Activities 2017, Canada-Nunavut
Geoscience Office, p. 69–80.

Abstract
Detailed bedrock mapping was completed in the Tuktuliarvik study area (part of NTS 37G) 100 km south of the hamlet of
Pond Inlet, northern Baffin Island, Nunavut. In this study, field observations collected along four east–west transects on the
western side of the largest lake (Long Lake) in the eastern Tuktuliarvik study area and from a north–south traverse along the
eastern side of the lake are presented. The area is underlain by a felsic basement gneiss, a felsic plutonic unit, and an overlying supracrustal sequence of metamorphosed sedimentary and volcanic strata correlated with the Mary River Group
(MRG). Although metamorphosed and locally highly strained, the MRG is characterized by a pseudo-stratigraphy consisting of (in order from presumed oldest to youngest unit): quartzite, psammite, minor pelite to semipelite and Algoma-type
banded iron formation, with interbeds of dominantly mafic to intermediate metavolcanic units. The MRG quartzite overlies
the felsic plutonic units along an intrusive to tectonized contact. There is an inferred unconformity between the MRG and an
underlying basement gneiss, but it is not observed as an exposed contact. Deformation of the basement–supracrustal sequence includes the development of a pervasive foliation and a consistently south-plunging mineral lineation. Quartz-poor
metavolcanic layers are commonly boudinaged within the metasedimentary rocks. Folding has locally overturned the
crustal sequence, placing the quartzofeldspathic intrusive rocks structurally above the MRG.

Résumé
Des travaux de cartographie détaillée du socle rocheux ont été réalisés dans la zone d’étude de Tuktuliarvik (une partie du
feuillet 37G du SNRC), 100 km au sud du hameau de Pond Inlet, au nord de l’île de Baffin, au Nunavut. Dans cette étude
sont présentées des observations relevées le long de quatre transects est–ouest suivis du côté ouest du plus grand lac (lac
Long) de la partie orientale de la zone d’étude de Tuktuliarvik, et des observations faites au cours d’un cheminement nord–
sud le long du côté est du lac. La région repose sur un socle gneissique felsique, une unité plutonique felsique et une
séquence supracrustale de couches sédimentaires et volcaniques métamorphisées qui s’apparente au Groupe de Mary River
(GMR). En dépit du fait qu’il soit métamorphisé et très déformé par endroits, le GMR se caractérise par une pseudostratigraphie qui se compose, par ordre des unités présumées les plus anciennes aux plus récentes, de quartzite, de psammite,
de quantités accessoires de pélite ou de semipélite et de formation ferrifère rubanée du type Algoma, qu’accompagnent des
interlits de roches métavolcaniques de composition mafique à intermédiaire. Le quartzite du GMR recouvre les unités
plutoniques felsiques le long d’un contact dont la nature varie d’intrusive à tectonisée. La présence d’une discordance entre
le GMR et le socle gneissique sous-jacent est présumée mais aucun contact apparent n’a été observé. La déformation de la
séquence stratigraphique allant du socle aux couches supracrustales implique le développement d’une foliation pénétrative
et d’une linéation minérale uniformément inclinée vers le sud. Des couches métavolcaniques pauvres en quartz sont
boudinées à plusieurs endroits au sein des roches métasédimentaires. Le plissement a renversé la séquence crustale par

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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endroits, de façon à ce que les roches intrusives quartzofelspathiques occupent une position structurale supérieure aux
roches du GMR.

Introduction
The Mary River Group (MRG) is host to one of the richest
iron ore deposits in the world (Baffinland Iron Mines Corporation, 2017). In this paper, new field observations are
presented on the stratigraphy and structure of the exposed
MRG in the Tuktuliarvik study area (part of NTS 37G) located 100 km south of the hamlet of Pond Inlet, Nunavut (Figure 1). Geological mapping was conducted during July and
August 2017 and constitutes a part of a M.Sc. thesis project
undertaken as part of the two-year northern Baffin mapping
initiative supported by the Geological Survey of Canada
Geo-mapping for Energy and Minerals (GEM-2) program.
In this contribution, the regional geological setting of the
MRG is reviewed, followed by the description of each rock
type within the larger map units consisting of, from presumed oldest to youngest, the basement rocks, the MRG
strata, and intrusive rocks and younger dykes.

Regional geology
The Archean Rae craton, which underlies the northern portion of the Canadian Shield on Baffin Island and mainland
Nunavut, is characterized by a series of northeast-striking
Archean greenstone belts, a number of which host the MRG
(Jackson and Berman, 2000; Young et al., 2004). The belts
of the MRG comprise 2.76–2.71 Ga greenschist to upperamphibolite facies sedimentary and volcanic sequences, intruded by felsic plutons (Figure 2; Jackson and Taylor,
1972; Jackson and Berman, 2000; Sandeman et al., 2001).
The MRG has previously been correlated with the Prince
Albert and Woodburn Lake groups to the southwest due to
stratigraphic similarities and a presumed shared Mesoarchean age (Jackson, 1966; Heywood, 1967; Jackson and
Taylor, 1972; Berman et al., 2005; Johns and Young, 2006).
However, Wodicka et al. (2011) dated a rhyolite within the
Prince Albert Group at 2.97 Ga, much older than the 2.73–
2.70 Ga ages determined for the Woodburn Lake group
(Skulski et al., 2003; Corrigan et al., 2013). Similarly, a
dacite from an area in northern Baffin Island was dated,
yielding an age of 2.83 Ga (Young et al., 2007; M.D. Young,
V. McNicoll, H. Sandeman, R. Creaser and D. James, unpublished data, 2007). Further geochronological work on
the MRG will determine if correlations can still be made
with the Prince Albert Group, given that the ages for both it
and the MRG are much older than those available for the
Woodburn Lake group.
Mesoarchean monzogranite–granodiorite gneiss occurs
adjacent to the supracrustal belt in the Tuktuliarvik study
area (Jackson et al., 1990, Skipton et al., 2017). The gneiss
contains elongate dioritic to gabbroic enclaves that are
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commonly aligned parallel with the gneissosity. Voluminous felsic plutons that intrude the MRG are intensely
stretched and have been folded along with the supracrustal
units. The plutons comprise the only quartzofeldspathic
unit seen in direct (exposed) contact with the MRG. The
plutons of presumed Neoarchean age generally occur at the
boundary between the MRG and potential basement gneiss
domains, and to date no direct contact between the MRG
and older basement rocks has been observed in the 2017
map area (e.g., Jackson et al., 1990; Skipton et al., 2017).
North of the Tuktuliarvik study area, Mesoproterozoic sedimentary strata of the Adams Sound Formation, part of the
Bylot Supergroup, unconformably overly, or are in fault
contact, with the older Meso- to Neoarchean units (Figure 2; Jackson, 2000; Skipton et al., 2017). The Bylot Supergroup extends to the north and northwest of the Tuktuliarvik study area across Milne Inlet onto Borden Peninsula
(Figure 2). Where exposed, the unconformity places shallowly dipping sandstone on top of Archean quartzofeldspathic units (Skipton et al., 2017).
Also observed in the Tuktuliarvik study area are southeaststriking mafic dykes emplaced during the 723 Ma Franklin
igneous event (Heaman et al., 1992). The dykes are seen
across Baffin Island, range in composition from gabbro to
diabase and vary in width between 15 and 30 m (Heaman et
al., 1992). They crosscut all previously listed units of basement gneiss, MRG, quartzofeldspathic plutons and Bylot
Supergroup sedimentary strata.
The diagnostic north to northeast trend of structures throughout the central Rae craton has previously been linked to the
ca. 1.8 Ga Trans-Hudson Orogen (THO; Sanborn-Barrie et
al., 2003). The THO is one of the earliest Wilson cycle orogens, encompassing rifting, ocean opening and closure as
well as several accretion events (St-Onge et al., 2006, 2009;
Corrigan et al., 2009). The deformed crustal rocks of northern Baffin Island are presumed to form part of the THO,
since similar structures in Eqe Bay, along the west-central
portion of Baffin Island (Bethune and Scammell, 2003) and
Committee Bay farther west, have been dated at 1.8 Ga
(Sanborn-Barrie et al., 2003). A goal of the current project
is to determine more precisely the ages of deformational
structures in northern Baffin Island.
Previously published studies of the MRG include Bethune
and Scammell (2003), who documented the MRG stratigraphy in the Eqe Bay region. The MRG in this area is well exposed, weakly metamorphosed and characterized by lowstrain states, making protolith distinction possible (Bethune and Scammell, 2003). Baffinland Iron Mines Corpora-
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Figure 1: Outline of the GEM-2 North Baffin 2017 bedrock mapping area, showing the main geographic and geological features.
Deposits 1–5 refer to high-grade iron ore deposits in the Mary River Group currently tenured to Baffinland Iron Mines Corporation
(modified from Skipton et al., 2017). Abbreviations: CBF, Central Borden fault; TF, Tikerakdjuak fault; TT, Tasiujaq thrust; WBF,
White Bay fault.
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Figure 2: Geology of northern Baffin Island. Abbreviations: bb, Bylot batholith; CBF, Central Borden fault zone; IF, Isortoq fault zone; opx, orthopyroxene; PF, Piling fault zone
(modified from Jackson and Berman, 2000).

tion (Baffinland) completed detailed work along a southeast-striking exposure of MRG approximately 50 km south
of the Tuktuliarvik study area, where the economic iron deposits were found (Figure 1; Nicpon, 2011; MacLeod,
2012). Previous regional mapping of NTS 37G by Jackson
(2000) documented the regional distribution of MRG units.
Detailed mapping, stratigraphy and structural work was
also completed by Baffinland and the Canada-Nunavut
Geoscience Office (Young et al., 2004; Johns and Young,
2006; Howitt, 2013). Six mappable units have been identified within the field area: 1) basement gneiss, 2–5) four
MRG supracrustal rock units, and 6) an intrusive
quartzofeldspathic unit. Two distinct sets of dykes that
crosscut all older units are also identified (Figure 3).

with biotite±hornblende defining a well-developed foliation. The gneisses contain elongate dioritic to gabbroic
enclaves that are commonly aligned parallel with the
gneissosity. In the northwestern part of the Tuktuliarvik
study area, they dip moderately to the west. The basement
gneisses have been dated at 2.85 Ga for a tonalite gneiss and
2.90 Ga as a preliminary age for a granodiorite gneiss (Jackson et al., 1990; Young et al., 2007; Skipton et al., 2017;
M.D. Young, V. McNicoll, H. Sandeman, R. Creaser and D.
James, unpublished data, 2007).

Map units

The quartzite is massive, very fine grained, highly siliceous
and blue-grey to white, except for a few thin lighter-coloured bands. The contact with the intrusive quartzofeldspathic unit (described below) is exposed in several places
throughout the field area. Quartzite adjacent to the contact
is commonly characterized by abundant muscovite. A welldeveloped stretching lineation defined by quartz rods is
ubiquitous and the rock can be considered an L-tectonite.
The contact with the quartzofeldspathic unit contains an interleaved zone 0.5–1 m wide that is suggestive of a disrupted or tectonized intrusive contact (Figure 4a).

Archean basement gneiss (Gb)
In the Tuktuliarvik study area, the presumed basement to
the MRG consists of monzogranite–granodiorite gneiss.
Tonalite gneiss has been documented as basement to the
MRG in other areas (Jackson et al., 1990, Skipton et al.,
2017). The monzogranite–granodiorite gneiss weathers
cream to medium grey and is medium grey on fresh surfaces. The rock consists of biotite±hornblende±magnetite,

Mary River Group
Quartzite (Qz)

Figure 3: Preliminary bedrock geology at 1:30 000 scale of the Tuktuliarvik study area, northern Baffin Island.
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Metasedimentary unit (Sm)
Psammite
Psammite makes up the bulk of the metasedimentary unit
(Sm). The rock weathers cream and is light to medium grey
on a fresh surface. The psammite is medium to coarse
grained and can look similar to the medium-grained intrusive quartzofeldspathic rock. The psammite contains
quartz (3–10 mm in diameter), feldspar (1–7 mm in diameter) and metamorphic biotite and/or muscovite (1–5 mm in
diameter). In one locality, a clast supported metaconglomerate characterized by subrounded monomictic quartz
clasts 1–5 cm in diameter was observed. The matrix of the
metaconglomerate appears to be very fine grained biotite±
muscovite, with minor magnetite. Volumetrically minor
layers of marble and pelite to semipelite are interlayered
with the psammite.
Marble
The marble weathers light purple to light grey and is medium grey-purple on a fresh surface due to hematite stain-

ing. The marble is massive and very fine grained, with
stockwork textures of cracks infilled with quartz. In one locality, the marble forms layers 10–50 cm thick and smaller
enclaves within the psammite (Figure 4b). This rock type
has not previously been mapped in the Tuktuliarvik study
area. Although carbonate has not been previously recognized in the MRG stratigraphy of northern Baffin Island, it
has been noted within the MRG in the Eqe Bay area to the
south (Bethune and Scammell, 2003).
Pelite to semipelite
Pelite and minor semipelite weather orange brown to rusty
brown and are medium grey to light grey on a fresh surface.
The pelite is fine to medium grained and contains garnet,
biotite, muscovite±magnetite, cordierite and staurolite.
The garnet is porphyroblastic, sub- to euhedral and ranges
from 0.5 to 5 cm in diameter (1 cm across on average). Garnet is common near the banded iron formation (BIF), with
bands of garnetite closest to the contact. Magnetite is either
fine-grained cubic or very fine grained and not always visi-

Figure 4: Outcrop photographs from the study area south of Tay Sound, northern Baffin Island, showing a) a highly disrupted or tectonized
intrusive contact, with a zone of interleaving of the Mary River Group (MRG) quartzite (Qz) and quartzofeldspathic (Qf) units across the
dashed contact line, and enclaves of each unit within the other circled in blue (Qz) and pink (Qf); b) sedimentary rock types, with a grey-purple marble bed in psammite, within the metasedimentary unit (Sm) of the MRG (hammer for scale); c) texture of lapilli tuff (pencil for scale);
d) sedimentary rock types associated with an exposure of banded iron formation (IF), including pelite and psammite from the
metasedimentary unit (Sm) of the MRG, and a syenogranite pegmatite dyke (Gd) crosscutting all units (geologist for scale).
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ble. Rare cordierite forms fine-grained, anhedral crystals
(oikocrysts). Megacrysts of staurolite are found in one locality as porphyroblasts ranging in size from 5–10 cm. The
pelite and semipelite are moderately to strongly foliated,
with biotite and muscovite defining the foliation. Both
show the same pervasive stretching lineation observed in
the psammite and intrusive quartzofeldspathic unit. The
pelite and semipelite occur as smaller intervals within the
psammite and capping the BIF.
Metavolcanic unit (Vm)
Most of the exposed bedrock in the field area consists of
mafic metavolcanic rock as the less resistant metasedimentary units have mostly been eroded or are buried by glacial till. Metre-scale boudinage of the mafic metavolcanic
layers is common (Figures 5, 6). The dominant metavolcanic rock type is mafic, with minor intermediate and, in
one locality, felsic rocks also occurring.
Mafic
The mafic metavolcanic subunit weathers a rusty brown to
gossanous and is dark grey on a fresh surface. The rock is
fine to medium grained, with the dominant mineral assemblage comprising hornblende, biotite, actinolite, plagioclase±tremolite, magnetite and cordierite. In several localities the rock is pyroxene-phyric. The black, stubby, subcubic
pyroxene is 1–3 mm in diameter, within a finer grained matrix of actinolite and plagioclase±tremolite. Strong chlorite-epidote alteration is common, which suggests a lower
grade overprint. The strongly developed foliation is defined by hornblende and biotite, and is itself crenulated.
The same persistent stretching lineation as noted above is
also observed in these rocks. Acicular actinolite is randomly oriented on the foliation plane, suggesting it postdates development of the lineation. Random areas 1–5 m
wide of pervasive iron and sulphide alteration containing
magnetite±hematite, pyrite, chalcopyrite and sphalerite are
observed, and are interpreted as altered metavolcanic rock.
Intermediate
The intermediate metavolcanic subunit, which is less voluminous than the mafic metavolcanic unit and is interlayered
with it, weathers green-grey to medium grey and is medium
grey on a fresh surface. The rock is fine to medium grained
and commonly contains plagioclase porphyroclasts. The
observed mineral assemblage includes hornblende, biotite,
actinolite, plagioclase, quartz±tremolite, magnetite and
cordierite. The rock is strongly foliated and commonly
crenulated. It exhibits the same pervasive stretching
lineation as the metasedimentary and quartzofeldspathic
units.
Felsic
The felsic metavolcanic subunit weathers cream and is
cream to light brown on a fresh surface. The rock is aphanitic, with weak banding observed in outcrop and exhibiting
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the same moderately developed pervasive stretching
lineation seen in the metasedimentary and quartzofeldspathic units. The transition zone from felsic metavolcanic
rock to BIF contains dark grey to black magnetite bands 1–
3 cm wide, often hosting garnet porphyroblasts. The lighter
coloured bands are psammitic in composition. The felsic
metavolcanic subunit occurs structurally beneath the BIF
and overlies the psammite.
Lapilli tuff
The lapilli tuff weathers light grey to reddish pink due to hematite staining, although generally it is white due to the
abundance of plagioclase feldspar clasts. The rock is medium grey to purple on a fresh surface. The lapilli is matrix
supported with subangular to subrounded lapilli clasts
(Figure 4c). The matrix is aphanitic to very fine grained and
medium grey. The clasts are polymictic, showing subangular to subrounded clasts of quartzite 1–5 cm in diameter, mostly in proximity and along the contact with the
quartzite unit. Further from the quartzite, the clasts are
dominantly plagioclase feldspar, with smaller subrounded
clasts of quartz. The rock is massive and does not appear to
exhibit the pervasive stretching lineation seen in other rock
units. Further petrographic analysis will be needed to determine its exact composition and relationship within the
overall MRG package.
Banded iron formation (IF)
The BIF weathers rusty brown to gossanous and is dark
blue-grey to dark grey on a fresh surface. It is medium
grained, exhibiting distinctive light grey to white siliceous
chert bands, with the darker blue-grey layers being pure
magnetite±hematite bands. Sulphide mineralization is
present, with rare patches of fine-grained pyrite±chalcopyrite and clusters of bornite identified in one locality. The siliceous and magnetite±hematite bands are 0.5-1 cm thick
and define the dominant layering, which is commonly characterized by intrafolial folds. A pervasive stretching lineation, similar to that observed in the metasedimentary,
metavolcanic and quartzofeldspathic units, also characterizes the BIF, which forms continuous north-northwest–
south-southeast-striking layers within the metasedimentary sequence. The BIF is always flanked on either side by
garnet-bearing pelite (Figure 4d).

Quartzofeldspathic unit (Qf)
The intrusive quartzofeldspathic unit consists of monzogranite to granodiorite and weathers light grey to cream.
The main rock type is medium to coarse grained, with a foliation defined by aligned hornblende±biotite. Magnetite is
commonly present and muscovite is found within 5–10 m
of the contact with the quartzite. There is a strong, pervasive stretching lineation. Where the intrusive quartzofeldspathic unit is observed in contact with the MRG quartzite,
it is weakly foliated. A monzogranite, presumably from this
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Figure 5: Outcrop photographs of the metavolcanic unit of the Mary River Group, northern Baffin Island, showing
a–c) small-scale boudinaged intermediate to mafic metavolcanic layers (Vm) outlined in red within psammite (Sm);
hammer and backpack for scale.
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unit, yielded a U-Pb zircon crystallization age of 2.71 Ga
(Jackson et al., 1990).

Granitic dykes (Gd)
There appear to be at least two distinct sets of granitic dykes
intruding the MRG in the study area. Both sets range in
thickness between 0.5 and 50 m. The more common dykes
are pink to light pink syenogranite dykes. These dykes are
coarse grained to pegmatitic, and contain biotite±magnetite
and muscovite. The syenogranite dykes are massive, intrude the surrounding MRG and granitoid rocks, crosscut
and truncate foliation in the hostrocks, and commonly
strike east-northeast–west-southwest (Figs 3, 4d). The less
abundant set of dykes consists of white, fine- to medium-

grained biotite muscovite±hornblende monzogranite. The
monzogranite dykes crosscut the foliation in the metasedimentary rocks and are themselves deformed, exhibiting a
weak foliation and pervasive stretching lineation.

Franklin dykes (Dd)
The Franklin diabase dykes weather green-brown to medium brown and are medium grey on a fresh surface. They
exhibit a distinctive ophitic texture and are medium
grained. The dykes contain plagioclase, hornblende±magnetite and clinopyroxene. Where well exposed, the dykes
are fairly continuous. The dykes commonly strike northwest–southeast (Figure 3) and range in width between 15
and 30 m.

Figure 6: Outcrop photographs of the metavolcanic unit of the Mary River Group, northern
Baffin Island, showing a) boudinaged intermediate to mafic metavolcanic rocks (Vm) outlined in red within psammite (Sm; photo taken facing north-northeast); b) reference point
for area in a) represented by blue box, showing larger scale boudinage (photo taken facing
north-northeast). Abbreviation: int., intermediate.
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Structure
There is a pervasive stretching lineation plunging moderately to the south that is observed throughout the map area
and which constitutes the main structural feature. Foliations strike to the northeast, dip moderately to the southeast and appear layer parallel. A crenulation of the foliation
defines a hinge lineation that is perpendicular to the boudin
axes. This suggests the boudins and the stretching lineation
were coeval.
In the eastern part of the study area, the intrusive quartzofeldspathic rocks structurally overlie the MRG, suggesting
an overturned to recumbent folding geometry, as previously proposed by Young et al. (2004).

Economic considerations
The BIFs in the Tuktuliarvik study area are characterized
by interbanded siliceous chert and magnetite±hematite,
with bands 1–3 cm wide (Jackson, 1966). Some areas contain upward of 99% pure magnetite-hematite (Jackson,
1966) with significant sulphides, including pyrite, chalcopyrite, malachite and clusters of azurite. There is potential
for iron-formation–hosted gold deposits in areas of high
sulphidization (Young et al., 2004). Although BIF-hosted
gold deposits are not common, they have the potential for
being world-class–size deposits (Janvier et al., 2013).
Utting et al. (2008) published work from bedrock and till
analyses of samples collected in 2003 in northern Baffin Island that found Au values ranging from 4.1 to 14.0 ppb.
Further exploration is needed to determine the potential
applicability of these results in the study area.
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Abstract
Over the course of this project, nine stratigraphic sections of the ~1050 Ma middle Bylot Supergroup in the Borden Basin
were measured, logged and sampled from five camps set up along Tremblay Sound, northwestern Baffin Island, Nunavut.
Together, these provide a nearly continuous composite stratigraphic section ~1700 m thick of the carbonate-dominated
Iqqittuq, Angmaat, Victor Bay and Athole Point formations. This study broadly confirms previous depositional interpretations of the Borden Basin. In addition, this remarkably complete composite stratigraphic section along Tremblay Sound
contains an unusually thick section of the Athole Point Formation that preserves a tuff bed. Samples from this composite
section will be used in future geochemical, paleontological and geochronological investigations to gain a better understanding of the geological history of the Bylot Supergroup, and to characterize the depositional environments and biological diversity near the 1000 Ma Mesoproterozoic-Neoproterozoic transition.

Résumé
Dans le cadre de ce projet, neuf sections stratigraphiques de la partie intermédiaire du Supergroupe de Bylot dans le bassin
de Borden, âgé de quelque 1050 million d’années (Ma), ont été mesurées, décrites et échantillonnées à partir de cinq
campements installés le long du détroit de Tremblay, au nord-ouest de l’île de Baffin, au Nunavut. Ensemble, elles fournissent une section stratigraphique composite presque continue d’une épaisseur d’environ1700 m des formations d’Iqqittuq,
d’Angmaat, de Victor Bay et d’Athole Point, caractérisées par la présence prédominante de roches carbonatées. Cette étude
confirme d’une manière générale les interprétations précédentes faites au sujet des milieux sédimentaires du bassin de
Borden. En outre, cette section stratigraphique composite remarquablement complète bordant le détroit de Tremblay
contient une section d’une épaisseur inhabituelle de la formation d’Athole Point qui renferme une couche de tuf volcanique.
Des échantillons provenant de cette section composite feront l’objet de futures recherches géochimique, paléontologique et
géochronologique dans le but de mieux comprendre l’histoire géologique du Supergroupe de Bylot et de caractériser non
seulement les milieux de sédimentation mais aussi la diversité biologique qui régnaient è la transition du Mésoprotérozoique–Néoprotérozoique, il y a environ 1000 Ma.

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Introduction
The Bylot Supergroup in northwestern Baffin and Bylot islands, Nunavut, has provided key insight into late Mesoproterozoic sedimentological and biological revolutions.
Preliminary mapping and stratigraphic (Blackadar, 1970;
Geldsetzer, 1973; Jack son et al., 1980; Jack son and
Cumming, 1981), paleontological (Hofmann and Jackson,
1991, 1994; Kah and Knoll, 1996; Knoll et al., 2013),
sedimentological (Narbonne and James, 1996; Sherman et
al., 2000; Sherman et al., 2001; Turner, 2003, 2004, 2009)
and geochemical (Kah et al., 1999; Kah, 2000; Kah et al.,
2001) studies of middle Bylot Supergroup carbonate rocks
have set the stage for continuing research, including the
current study. This project is multidisciplinary by nature and
relies on collaborative relationships between sedimentologists, paleontologists and geochemists. The preliminary
aim of the fieldwork was to collect high-resolution stratigraphic samples (i.e., samples taken at least every 3 m)
from this remarkably well-exposed succession for a suite of
geochemical analyses and paleontological investigation,
with the aim of interpreting the results within a robust
depositional framework. Another aim of this study is to
compare the sequence-stratigraphic architecture of the carbonate facies in the Milne Inlet graben, which is the primary depocentre within the Borden Basin, to that in the
Eclipse Trough of western Bylot Island to better constrain
the tectonostratigraphic evolution of the Borden Basin. The
ultimate goal of this work is to elucidate the relative influences of geological, biological and tectonic interactions on
an evolving Earth during the Proterozoic.

sumed to be a distal expression of the ca. 1270 Ma LIP
(LeCheminant and Heaman, 1989) due to the similarity of
their paleomagnetic poles (Fahrig et al., 1981) and geochemistry (Dostal et al., 1989). Franklin dykes that crosscut
the entire Bylot Supergroup constrain it to older than ca.
723 Ma (Heaman et al., 1992; Pehrsson and Buchan, 1999).
Within this 1270–723 Ma interval, only a few depositional
ages have been determined. Turner and Kamber (2012) estimated a depositional age for the Arctic Bay Formation of
1092 ±59 Ma using whole-rock black shale U-Th-Pb geochronology. Whole-rock black shale Re-Os geochronology
has yielded isochron ages of 1048 ±12 Ma for the middle
Arctic Bay Formation and 1046 ±16 Ma for the lower Victor Bay Formation (Gibson et al., in press). Together, these
dates provide the only in situ depositional age control for
any of the Bylot basins and suggest that the carbonate-dominated middle Bylot Supergroup is younger than 1050 Ma.

Geological background

The lower Eqalulik, middle Uluksan and upper Nunatsiaq
groups of the Bylot Supergroup occupy a series of northwest-trending troughs. The Milne In let graben on the
Borden Peninsula is the largest of these and functioned as
the main depocentre of the Bylot Supergroup (Figure 1;
Jackson and Iannelli, 1981). The Eclipse and North Bylot
troughs occur to the northeast of the Milne Inlet graben and
contain similar sedimentary successions (Kah et al., 2001),
though they record slightly varied tectonostratigraphic evolutionary histories. Originally, the Uluksan Group was divided into the Society Cliffs and Victor Bay formations, but
its stratigraphy was subsequently revised (Figure 1) in light
of detailed sedimentological and sequence-stratigraphic
data (Turner, 2003, 2004, 2009).

The Bylot Supergroup in the Borden Basin

Tectonostratigraphy

The Borden Basin, along with the Fury and Hecla, Aston
and Hunting, and Thule basins in the eastern Canadian Arctic Archipelago and West Greenland, represent broadly
contemporaneous, late Mesoproterozoic intracratonic sedimentary basins known as the Bylot basins (Fahrig et al.,
1981). These basins were originally considered to be a series of aulacogens resulting from emplacement of the Mackenzie large igneous province (LIP) during the opening of
the Poseidon Ocean (Jackson and Iannelli, 1981; Dostal et
al., 1989), but an alternate model links early extension and
subsequent tectonostratigraphic evolution to far-field deformation from the ca. 1.1 billion year-old (Ga) Grenvillian
col li sion dur ing the for ma tion of the supercontinent
Rodinia (Turner et al., 2016).
The Borden Basin—which is the best studied of the Bylot
basins—preserves a stratigraphic sequence ~6 km thick
known as the Bylot Supergroup (Figure 1). Nauyat Formation basalt at the base of the Bylot Supergroup nonconformably overlies Archean (ca. 3.0–2.7 Ga) orthogneiss
and granite (Jackson and Berman, 2000), and is widely pre-
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Crustal attenuation produced initial subsidence that accommodated the basal Nauyat and Adams Sound formations in
northwest-trending, fault-bounded troughs (Jackson et al.,
1980; Jackson and Cumming, 1981; Jackson and Iannelli,
1981). Subsequent episodic rifting reactivated these faults
throughout the history of Borden Basin (Sherman et al.,
2002; Turner, 2009). Continued normal faulting and marine transgression resulted in the deposition of Arctic Bay
Formation black shale and siltstone on a northwest-deepening terrigenous ramp within a restricted basin (Jackson and
Iannelli, 1981; Turner and Kamber, 2012; Hahn et al.,
2015). An increase in the carbonate saturation of basin waters (Hahn et al., 2015), and perhaps an increase in marine
in flu ence (Kah et al., 2001), prompted the north west
progradation and interfingering of the Iqqittuq Formation
carbonate-ramp facies with a fine-grained siliciclastic facies, and ultimately the stabilization of the Angmaat carbonate platform (Turner, 2009). Whereas Kah (1997) proposed that the Angmaat Formation represents carbonate
production and accumulation on a carbonate ramp with a
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shallow gradient, Turner (2009) inferred deposition on a
rimmed carbonate platform.
Shallow subtidal to supratidal Angmaat Formation carbonate, chert and evaporite facies in the southeast (Kah and
Knoll, 1996; Kah et al., 2001) are time-correlative with
Nanisivik Formation rhythmically laminated, thinly bedded, carbonate-slope facies in the northwest (Turner, 2009).
Contemporaneous to the deposition of the middle Arctic
Bay Formation through the early Angmaat and Nanisivik
formations, Fabricius Fiord Formation alluvial fans formed

in response to activity along graben-bounding faults in the
southern portion of the basin and Ikpiarjuk Formation deepwater carbonate mounds precipitated from fault-controlled
fluid vents throughout deeper portions of the basin (Turner,
2009; Hahn and Turner, 2013, 2017; Hahn et al., 2015).
Uplift and subaerial exposure of the carbonate rocks of the
Angmaat, Nanisivik and Ikpiarjuk formations was succeeded by foundering of the basin and deposition of black
shale from the lower Victor Bay Formation atop an erosional unconformity (Sherman et al., 2001; Turner, 2009,

Figure 1: Overview of the geology of the Bylot Supergroup in the Borden Basin, northwestern Baffin Island (modified from Gibson et al., in
press): a) schematic stratigraphic column of the Bylot Supergroup (age constraints from LeCheminant and Heaman, 1989; Heaman et al.,
1992; Pehrsson and Buchan, 1999), with the area outlined in red showing the location of Figure 5; b) Canadian Arctic Archipelago, showing
the location of the Borden Basin, northwestern Baffin Island; c) geology of the Bylot Supergroup in the Borden Basin, with inset in red showing the study area around Tremblay Sound. Abbreviations: Fm., Formation; fms., formations; Gp., Group; Pt., Point; Sg., Subgroup.
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Figure 2: Panorama showing the carbonate stratigraphy of the middle Bylot Supergroup exposed along the northwestern shore of Tremblay Sound, northwestern Baffin Island.

2011). Continued subsidence promoted the westward progradation of cyclically packaged carbonate-ramp facies of
the upper Victor Bay for mation, along with pulses of
stromatolite-reef growth (Narbonne and James, 1996).
Sherman et al. (2002) interpreted the transition in facies
distribution after the deposition of the Victor Bay Formation as recording differential uplift resulting from a change
in basin polarity, whereby subsidence and drowning in the
east accommodated deep-water Athole Point Formation
calciturbidites at the same time as uplift in the west eroded
underlying strata and newly formed basement highs to generate the siliciclastic influx of the Strathcona Sound Formation. This bathymetric reversal marks a distinct transition in
the deformation regime of the Borden Basin that cannot be
resolved by renewed rifting along existing faults. Rather,
compressional forces associated with far-field lithospheric
deformation, which has been interpreted as either due to the
displacement along the present northern margin of Laurentia (Sherman et al., 2002) or to Grenvillian orogenesis
(Turner et al., 2016), likely influenced these later stages in
the tectonostratigraphic evolution of the Borden Basin as
recorded by the upper Nunatsiaq Group.

lar tooth structures and occasional slump folds. Carbonate
beds thicken upward and become the dominant rock type in
the upper Iqqittuq Formation as siliciclastic facies become
less abundant. The contact with the overlying Angmaat
Formation is gradational and is marked by the top of the uppermost terrigenous bed (though sabkha facies in the lower

Middle Bylot Supergroup stratigraphy along
Tremblay Sound
Sea cliffs on either side of Tremblay Sound host nearly continuous exposures of the middle Bylot Supergroup from the
Arctic Bay Formation through to the Athole Point Formation (Figure 2). Strata dip gently to the northeast in the
study area and to the southwest in the Alpha River valley to
the southwest, and are cut by a few steeply dipping faults
and Franklin diabase dykes, but are otherwise undeformed.
Nine stratigraphic sections were measured, logged and
sampled in this region, and are described below.

Iqqittuq Formation
The Iqqittuq Formation (stratigraphic sections T1412,
SW1604 and SW1605) thins across the study area from
~300 m in the east (section SW1604) to ~150 m in the west
(section T1412) and has a gradational basal contact with the
underlying Arctic Bay Formation (Figure 3a). This transition records initial northwest progradation toward the
northwest of a distally steepened, mixed siliciclastic-carbonate ramp over the shale-dominated basin represented by
the Arctic Bay Formation (Turner, 2003, 2004, 2009). The
result is interfingering of fine-grained siliciclastic facies indistinguishable from the underlying Arctic Bay Formation
with various carbonate facies that become more abundant
upsection. In the Tremblay Sound area, the Iqqittuq Formation represents deposition in outer-ramp to slope settings
(Turner, 2009). The lower Iqqittuq Formation comprises
black to grey shale and siltstone, with minor very fine sandstone. Interbedded with these are orange-weathering nodular, microbial to stromatolitic and intraclast dolomite, and
rhythmically laminated and parted lime mudstone with mo-
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Figure 3: Outcrop photographs of stratigraphic sections along
Tremblay Sound, northwestern Baffin Island: a) transition from the
shale-dominated Arctic Bay Formation to the interbedded carbonate, siltstone and shale facies of the lower Iqqittuq Formation from
section SW1604; b) well-developed cycles of Angmaat Formation
dolostone above Iqqittuq Formation section T1412 (near section
‘TS’ of Turner, 2009); c) two exhumed ~3 x 10 m stromatolite reefs
at the contact between the Victor Bay and Athole Point formations
from the top of section T1707, with Athole Point Formation outcrops from sections SW1602 and R1609 in the background.
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Angmaat Formation contain minor siltstone horizons in the
shallowest portions of the basin).

Angmaat Formation
The Angmaat Formation (stratigraphic sections K1702,
SW1604 and SW1605) is defined by the northwestern
progradation of a dolostone-rimmed platform with restricted marine to lagoonal facies in the southeast separated
from the basinal, thinly bedded limestone slope facies
(Nanisivik Formation) in the northwest by a ooid-grainstone barrier (Turner, 2003, 2004, 2009). Restricted facies
are strongly silicified in the vicinity of the stratotype section at Angmaat Mountain southeast of the Tremblay
Sound area, as well as in the region between Milne Inlet and
Tay Sound (Kah and Knoll, 1996; Knoll et al., 2013; Manning-Berg and Kah, 2016). These facies include rhythmically pack aged al ter na tions of mudstone–grainstone
laminae and microbialite that contain abundant black and
white chert nodules, and seafloor-cement fans. Minor
green and red silt beds with mudcracks and laterally continuous gypsum beds occur in the lower third of the formation,
only in the shallowest regions of the basin (i.e., southeastern Milne Inlet graben). The Angmaat Formation in the
Tremblay Sound area is >450 m thick and represents the
grainstone barrier that forms the rim along the carbonate
platform margin (Turner, 2009). Here, cyclicity is manifested by fining-upward cycles (Figure 3b) cycles of oolite
alternating with microbialite and stromatolite facies (Figure 4a, b) de formed by te pee-struc tures (Fig ure 4c).
Seafloor-cement fans with interbedded black and white
chert beds as well as nodules are also common. Angmaat
sections SW1604 and SW1605 are similar to the lower portion of section ‘TP’ of Turner (2009).

Victor Bay Formation
The Victor Bay Formation (stratigraphic sections SW1603
and T1707) conformably overlies the Angmaat Formation
in some regions of the Borden Basin, but in many places an
erosional unconformity separates the two (Turner, 2009).
In the Tremblay Sound area, the Victor Bay Formation (section T1707) is ~467 m thick and sits atop an erosional unconformity identified by karst breccia up to tens of metres
thick in the up per most Angmaat For ma tion (sec tion
K1702). This ero sional sur face dis plays sig nif i cant
paleotopography, but because it forms a dip slope its full
thickness is difficult to measure.
The lowermost facies of the Victor Bay Formation in the
Milne Inlet graben comprise organic-rich mudstone deposited during a marine transgression that was likely a result of
tectonic subsidence (Jackson and Iannelli, 1981). Subsequent southwestern progradation of a distally steepened
carbonate ramp resulted in multiple shallowing-upward cycles of the upper Victor Bay member (Sherman et al.,
2000). The lower Victor Bay contains ~10 m of black shale
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interbedded with rhythmically laminated dolomitic mudstone and intraclastic floatstone. Much of the remainder of
the formation comprises deep-water carbonate facies, including rhythmically alternating carbonaceous limestone
and mud limestone couplets (Figure 4e), nodular (ribbon)
limestone and dolostone, and rounded intraclastic rudstone
and floatstone, interpreted as reworking and deposition of
the other facies by storm processes. Many beds exhibit
signs of synsedimentary deformation (Figure 4d). Stromatolite reefs up to 10 m wide and 6 m tall are exhumed near
the contact with the overlying Athole Point Formation (Figure 3c) and grade laterally into debrites, interpreted as material shed along the steep flanks of reef buildups. The initiation of these reefs coincided with marine transgression
just prior to con com i tant up lift and sub si dence that
changed the bathymetric polarity, and resulted from
tectonic reorganization of the basin (Sherman et al., 2002).

Athole Point Formation
The Athole Point Formation (stratigraphic sections SW1601,
SW1602 and R1609) is ~470 m thick in the Tremblay
Sound area and represents a storm-dominated carbonate
ramp that only outcrops in the eastern portion of the Borden
Ba sin (Jack son and Iannelli, 1981; Kah et al., 1999;
Sherman et al., 2002). This formation conformably overlies
the Victor Bay Formation where it occurs in the basin,
whereas the co eval, siliciclastic-dominated Strathcona
Sound Formation is separated from the Victor Bay Formation by a regional unconformity to the northwest (Jackson
and Iannelli, 1981; Sherman et al., 2002). Facies are dominated by hummocky cross-stratified, fine-grained grainstone and rhythmically laminated, muddy limestone facies,
which are interbedded with sandstone beds at the base.
Many beds are deformed by soft-sediment slump and load
structures. The siliciclastic contribution to these facies becomes more abundant upsection, where carbonate grainstone, rhythmites and microbialite facies alternate with
channelized conglomerate and sandstone beds near the upper contact with the Strathcona Sound Formation. This
gradational transition to the Strathcona Sound Formation is
not observed in the Tremblay Sound area, but is exposed
further north in the Mala River valley. In section SW1602, a
green, aphanitic to glassy volcanic tuff bed ~5.5 cm thick
located at the stratigraphic height of ~122 m (latitude
72°29"55.3’ N, longitude 80°36"16.6’ W) was identified
and sampled (Figure 4f). This discovery marks the first evidence for post-Nauyat Formation syndepositional volcanism in the Bylot Supergroup.

Composite stratigraphic section
A composite stratigraphic section was compiled from the
near continuous (a few steep canyons were inaccessible)
succession of middle Bylot Supergroup carbonate facies
along Tremblay Sound (Figure 5). This section includes the
entire carbonate-dominated Uluksan Group and the poorly
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Figure 4: Photographs of various facies from the middle Bylot Supergroup along Tremblay Sound, northwestern Baffin Island: a) stromatolites from the Angmaat Formation of section SW1605; b) silicified microbialite of the Angmaat Formation
of section K1702; c) crackle-brecciated teepee structures of the Angmaat Formation at the top of section K1702; d) softsediment slump of the lower Victor Bay Formation limestone rhythmite from section T1707; e) regularly laminated
dolomitic mudstone–grainstone couplets from the Victor Bay Formation from section SW1603; f) green volcanic tuff bed
within Athole Point Formation carbonate facies at ~122 m of section SW1602.
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studied overlying Athole Point Formation. Samples were
taken at intervals of 1–3 m from all sections and will be
used for a broad array of chemostratigraphic and paleontological projects. These new data will help to characterize the
secular development of environments within the Borden
Basin and will lead to an improved understanding of the
geological setting of the middle Bylot Supergroup.

Preliminary results
Thus far, acid macerations have suc cess fully iso lated
microfossils from Arctic Bay and Iqqittuq formations shale
samples, yielding diverse assemblages and some previously undocumented species from the Bylot Supergroup.
Notably, the well-preserved Iqqittuq assemblage includes
cells with a variety of complex morphologies, suggesting
that eukaryotic microorganisms were more diverse around
1000 Ma than previously recorded. Heavy mineral separation of >2 kg of the Athole Point Formation tuff yielded no
zircon for U-Pb geochronology, but other radiometric
dating techniques are being considered.

Economic considerations
The Nanisivik Formation, which is a deeper water equivalent to the Angmaat Formation, hosts base-metal (Zn, Pb,
Ag and Cu) deposits (Patterson and Powis, 2002) in various
regions throughout the Borden Basin (Turner, 2011). Mineralization is associated with brittle faults, fractures or
dykes and is concentrated along the erosional unconformity with the overlying Victor Bay Formation (Olson et
al., 1984), with the past-producing Nanisivik Mississippi
Valley–type orebody near the hamlet of Arctic Bay estimated at ~19 Mt of 10% Zn+Pb (Sherlock et al., 2004). Carbonate rocks of the Nanisivik Formation in the Alpha River
valley west of the Tremblay Sound region contain basemetal showings (Hnatyshin et al., 2016), but there is no
field evidence for mineralization in the Tremblay Sound
study area. Preliminary elemental-abundance data also show
no evidence for mineralization and carbonate samples from
this study have an average of ~10 ppm Zn.
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Abstract
Newly acquired sediment cores and geophysical data from Pond Inlet, a fiord in northern Baffin Bay, provide the first opportunity for a thorough investigation of the Holocene sedimentary record in this region. Northern Baffin Bay is in a zone of
high seismic hazard, and earthquakes in this area have the potential to trigger slope failures. It is not known if the fiord preserves a record of seismogenic mass wasting and a detailed analysis of the marine sedimentary record is necessary to begin
to investigate this issue. This study uses high-resolution multibeam bathymetric data, 3.5 kilohertz sub-bottom profiler data
and piston cores to assess the sedimentary record in Pond Inlet. This is being accomplished through seabed mapping, analysis of core, shallow lithological and acoustic stratigraphy, and geochronology.
Preliminary results indicate a record of gravity-driven sedimentary events in the fiord, including mass transport deposits
(MTDs) and turbidites. Sub-bottom profiler data reveal acoustically chaotic to reflection-free facies interpreted as MTDs,
as well as continuous high-amplitude reflections interpreted as turbidites; both the MTDs and turbidites are correlatable
over a large area. The piston cores show evidence of MTDs, including deformed mud and mudclast conglomerate deposits
up to 5 m thick, as well as centimetre-thick sandy-silty turbidites. A radiocarbon date indicates that over the last 3 ka, a minimum of four turbidite deposits have reached the centre of Pond Inlet and work is ongoing to establish if these deposits were
the result of seismic activity. This research will contribute to an improved understanding of geohazards in the northern
Baffin region.

Résumé
Des carottes de sédiment et des données géophysiques récemment acquises dans le bras de Pond, un fjord au nord de la baie
de Baffin, permettent aux chercheurs de procéder pour la première fois à un examen approfondi du profil sédimentaire
holocène de cette région. La partie septentrionale de la baie de Baffin est une zone à grand risque d’aléas sismiques et les
tremblements de terre qui se manifestent dans cette région peuvent entraîner des ruptures de versants. Aucunes données ne
sont disponibles établissant si le fjord a conservé des traces des mouvements de masse d’origine sismique qui s’y sont
produits et une analyse détaillée du profil sédimentaire marin s’impose avant d’être en mesure de procéder à l’examen de la
question. La présente étude a recours aux données bathymétriques par secteurs à haute résolution, aux données acquises à
l’aide d’un sondeur de sédiments fonctionnant à 3,5 kilohertz et aux données de carottage par piston afin d’examiner le
profil sédimentaire du détroit de Pond au moyen de la cartographie du fond marin, l’analyse des carottes recueillies, l’étude
du profil stratigraphique que révèlent les données acoustiques et lithologiques acquises à faible profondeur et la
géochronologie.
Les résultats préliminaires attestent du fait que le fjord présente un profil caractérisé par les effets causés par des événements
gravitaires de nature sédimentaire, y compris des dépôts résultant d’un transport en masse et des courants de turbidité. Les
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données fournies par le sondeur de sédiments indiquent la présence de faciès acoustiques dont la signature varie de
chaotique à sans réflexion, qui peuvent représenter des dépôts résultant d’un transport en masse, ainsi que de réflexions de
haute amplitude continues, qui peuvent être interprétées comme étant des turbidites; en outre, ces deux types de dépôts
peuvent être corrélés l’un avec l’autre sur une vaste zone. Les données de carottage par piston témoignent de la présence de
dépôts résultant d’un transport en masse, y compris des dépôts déformés de conglomérat de boue ou à clastes de boue
calcaire pouvant atteindre 5 m d’épaisseur, ainsi que des turbidites d’épaisseur centimétrique dont la texture varie de
sableuse à limoneuse. La datation au radiocarbone a permis d’établir qu’au cours des derniers 3000 ans, au moins quatre
épisodes de sédimentation impliquant des courants de turbidité ont touchés la région centrale du bras de Pond et les
recherches se poursuivent afin de déterminer si les dépôts qui en résultent sont le produit de l’activité sismique. Ces
recherches contribueront à améliorer le niveau de compréhension au sujet des géorisques dans la région septentrionale de la
baie de Baffin.

Introduction
Northeastern Baffin Island is close to one of Canada’s high
risk, active, seismic zones. The seismic activity is related to
tectonics in Baffin Bay and upper mantle adjustments associated with ongoing deglaciation (Figure 1; Stein et al.,
1979). Several studies have demonstrated that marine sediments in fiords can preserve detailed records of climatic
and geological hazards because of typically very high sedimentation rates (St-Onge et al., 2012). Until now, the marine sediments in Pond Inlet, Baffin Island, have not been

evaluated in detail for their Holocene depositional record,
including seismic mass wasting. Due to the lack of paleoseismology studies in northeastern Baffin Island, the potential for Holocene marine sediments to hold useful information for assessing paleoseismic frequency or magnitude is
unknown. Over the next decade, there are plans to identify,
correlate and date regionally extensive thick deposits of deformed marine sediments (mass transport deposits
[MTDs]) in numerous fiords on the coast of Baffin Island.
A MTD can be identified as an acoustically chaotic seismic
facies that is associated with, and commonly overlain by

Figure 1: A century of seismicity near Pond Inlet, Nunavut. Data for the mapped area are ISC-Bulletin
events with known magnitude (M≥3) and known depth, from January 1, 1917 to October 1, 2017 (Giacomo
et al., 2014; International Seismological Centre, 2017). White circle shows the location of the 1933 surfacewave magnitude 7.3 earthquake. Stars are communities near seismically active regions: A, Arctic Bay; C,
Clyde River; P, Pond Inlet; R, Resolute. Study area is outlined in yellow. Base map imagery ©2017 IBCAO,
Landsat/Copernicus, U.S. Geological Survey; data SIO, NOAA, U.S. Navy, NGS, GEBCO; map data
©2017 Google.
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turbidites (Posamentier and Kolla, 2003). In core, MTDs
are recognized as folded mud, stratified mud exhibiting
tilted beds, mudclast conglomerate and diamicton (Jenner
et al., 2007). Using the results of the ongoing mapping and
dating of large MTDs around eastern Baffin Island, the
long-term objective is to determine if spatial and temporal
patterns of intraplate nontectonic shaking can be predicted
by considering the mantle stress fields related to regional
deglaciation, a significant concern for countries that are experiencing rapid deglaciation. To do this, it is necessary to
establish the magnitude, location and frequency of previous large earthquakes that possibly have variable recurrence intervals of centuries or longer and are not likely to
have been recorded by instruments. This paper will outline
the preliminary results of the ongoing proof-of-concept
analysis of the postglacial stratigraphy in Pond Inlet, Baffin
Island.

mountain ranges on Bylot Island and Baffin Island are approximately 1900 m high and bathymetry indicates that the
fiord exceeds 1000 m in depth to create a combined local relief of approximately 2900 m. The fiord is fed by active alpine glaciers and second-order streams from northeastern
Baffin Island. The fiord walls appear to be mostly barren of
sediment owing to their steepness and the erosive nature of
the Pond Inlet ice stream. The rectangular nature of the
fiord and tributary valleys is partly a result of pre-rift– and
rift–related structures in the dominantly Proterozoic crust
exposed there. Faults associated with mid-Paleozoic arching and Mesozoic and early Cenozoic rifting may provide
planes of weakness for subsequent faulting (L. Currie, pers.
comm., 2016). On land, Eocene and potentially Pliocene
sediments have been mapped, however, no evidence of Cenozoic offsets has been observed (Jackson and Davidson,
1975; Jackson et al., 1975).

In 2013, the Geological Survey of Canada (GSC) conducted a scientific expedition to Baffin Bay aboard the Canadian Coast Guard Ship (CCGS) Hudson, affording the
opportunity to collect 3.5 kilohertz (kHz) sub-bottom
profiler data and piston cores from the seabed (Figure 2b;
Campbell, 2014). This data acquisition was guided by multibeam bathymetry previously collected in the region by
ArcticNet aboard the CCGS Amundsen (Ocean Mapping
Group, 2013). The Pond Inlet phase of this expedition revealed thick basinal sediment packages. Subsequent to the
2013 expedition, additional piston cores in Pond Inlet were
collected in 2015 on the Amundsen (Figure 2b).

Glacial history

The newly available sediment cores and geophysical data
enable the first detailed analysis of the Holocene sedimentary record in Pond Inlet. The purpose of this study is to determine the extents of MTDs, turbidite and glaciomarine
and hemipelagic sediment deposits in the fiord, the timing
of their deposition and what factors triggered their deposition, such as high seismicity in the region. The first objective of this research is to characterize the MTDs and turbidite deposits within Pond Inlet, obtain radiocarbon dates to
constrain their timing, and correlate these deposits throughout the fiord. This will lead to determining if these MTDs
and turbidites can be indicative of significant Holocene
ground-shaking events.

Background
Setting and physiography
The physiography of Baffin Bay resulted from the historical tectonic, fluvial and glacial events of the region. Baffin
Bay is a rifted basin that separates Baffin Island from
Greenland and formed during seafloor spreading and transform shear during the Cretaceous to the Oligocene
(MacLean et al., 1990). Pond Inlet is a fiord located in
northeastern Baffin Bay and separates Baffin Island from
Bylot Island to the north (Figure 2a). The surrounding
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Relative to other regions of Baffin Island, the glacial history of Pond Inlet and Tasiujaq (formerly Eclipse Sound)
are not well studied. There has been no report of pre-Wisconsinan stratigraphy on land. Owing to the polythermal
nature of the regional ice (Hilchey, 2004; Staiger et al.,
2006) much of the region was covered by glaciers with limited capacity for erosion of the interfiord summits. During
the early Holocene, the entire fiord of Pond Inlet was occupied by erosive wet-based ice (Dyke, 2004) and possibly an
ice stream. Recent reconstructions utilizing marine geophysical data to determine the extent of the Laurentide Ice
Sheet (LIS) during marine isotope stage 2 suggest that in
western Baffin Bay, a fast-flowing ice stream occupied
Pond Inlet and that the ice sheet extended to the edge of the
continental shelf (Brouard and Lajenuesse, 2017). Since
deglaciation, the fiord is now surrounded by onshore cirque
and valley glaciers on Bylot and Baffin islands.

Regional seismicity of Baffin Bay
Baffin Bay is one of the most seismically active regions in
Canada and boasts the largest instrumentally recorded
earthquake north of the Arctic Circle, surface-wave magnitude of 7.3 in 1933 (northern Baffin Bay; Figure 1; Bent,
2002). Currently, seismicity along the Atlantic margin is
highest near Baffin Island and generally decreases southward (Stein et al., 1979). Despite the poor precision in determining the position and depth of the earthquake foci,
many appear to be associated with thrust and strike-slip
faults (Stein et al., 1979; Bent, 2002). However, it has been
proposed that the high frequency and high magnitude seismicity in the region is related to the reactivation of faults by
upper mantle dynamics related to the ongoing deglaciation
(Stein et al., 1979). Alternatively, the relatively high intrafault seismicity here could be a result of recent active tectonic stresses between northern Baffin Island and Greenland but the earthquake foci positions are poorly resolved.
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Hudson and processed at the GSC-A facility (Figure 2b). Seismic facies were defined based on the
amplitude, continuity and internal configuration
of reflectors as described by Sangree and Widmier
(1979) and major surfaces were defined by correlating continuous high-amplitude reflectors
throughout the fiord.

Core analysis
Four piston cores were collected from Pond Inlet
during the Hudson and Amundsen expeditions in
2013 and 2015 (Figure 2b). Piston core 065 (lat.
72.814°N, long. 77.676°W) is 810 cm long and
was collected at the base of an escarpment. Core
067 (lat. 72.815°N, long. 77.426°W) has a length
of 1063 cm and was targeted to retrieve a high-resolution section of the sedimentary record. Core
002 (lat. 72.822°N, long. 77.553°W) is 299 cm
long and targeted a condensed section of sediments. Core 003 (lat. 72.809°N, long. 77.278°W)
has a total length of 520 cm and targeted a MTD
close to the seabed.
Cores were split, photographed and X-radiographed using a Universal HE425 X-ray system at
the GSC-A facility. Physical properties were measured along the cores using a Geotek Ltd. multisensor core logger (MSCL). Whole core sections
were measured for compressional (p-wave) velocity, bulk density and magnetic susceptibility at
1 cm intervals. The split core sections were then
measured for magnetic susceptibility and colour
Figure 2: a) Multibeam bathymetric data of Pond Inlet. The area where piston
at 1 cm intervals. Discrete measurements of shear
cores were collected is shown as a yellow polygon. Background image from
strength (using a shear vane apparatus) and velocOcean Mapping Group (2013) and ArcticDEM created by the Polar Geospatial
Center from DigitalGlobe imagery (Polar Geospatial Center, 2017). b) Multiity (using transducer probes) were taken every
beam bathymetric data across the area where piston cores were collected with
10 cm along the split core. Grain size was anacore locations and sub-bottom profiler lines.
lyzed along core 067 using a Beckman Coulter LS
230 laser diffraction particle size analyzer. Grain
There is an absence of paleoseismology studies in Canada’s
size was measured every 20 cm within mud and every few
eastern Arctic, including Baffin Bay. The instrumental
centimetres within laminated sand.
earthquake record from the Canadian National Seismograph Network was limited until its expansion in the 1960s,
Geochronology
which makes the historical earthquake record poorly
constrained.
The main purpose of determining the chronology of events
is to guide correlations, particularly of deposits related to
Methods
mass wasting, which are important for understanding the
history of seabed stability and paleoseismology of Pond InHydroacoustic analysis
let. A radiocarbon date was obtained from a fragmented
benthic Colus shell within core 067 at approximately 589–
High-resolution multibeam bathymetric data were col591 cm depth (dragged 2 cm when split) within hemipelected using a Kongsberg Maritime EM 302 multibeam
lagic mud. Sampling was completed at the GSC-A facility,
echosounder onboard the Amundsen. Multibeam bathyand the shell was dated by accelerator mass spectrometry
metry was utilized to identify landforms at the seabed in(AMS) at the Keck-Carbon Cycle Accelerator Mass Speccluding possible sediment sources, faults and evidence of
trometry Facility at the University of California (Irvine,
unstable seabed (Figure 2a). The 3.5 kHz sub-bottom
California). The radiocarbon age was calibrated with Calib
profiler (Knudsen Engineering Ltd. model 3260) data were
7.1 using the Marine13 calibration curve (Stuiver et al.,
collected in 2013 by the GSC Atlantic (GSC-A) on the
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Figure 3: Interpretation of the submarine glacial landforms of Pond Inlet based on multibeam bathymetric data. Locations of Figure 4a
and b outlined in black. Background image from Ocean Mapping Group (2013).

2017). A marine reservoir correction of 220 years
(Coulthard et al., 2010) was applied to account for regional air–sea reservoir difference in the benthic
sample. Several additional radiocarbon analyses are
underway.

Results
Preliminary results from the hydroacoustic
analysis
Seabed geomorphology
The high-resolution multibeam bathymetric data
show a seafloor composed of submarine glacial landforms, flat basinal floors and bedrock with varying
amounts of sediment drape (Figure 3). The submarine
glacial landforms include mega-scale glacial lineations, iceberg scours, drumlins, crag-and-tail features and moraines (Figure 3). The cores and sub-bottom profiler data were collected in the middle of the
fiord in an area with a relatively flat bottom surrounded by sediment-draped bedrock highs and steep
fiord sides. The seafloor in this portion of the fiord
reaches depths of approximately 1080 m and the bedrock highs can reach up to 900 m from the basin floor.
The multibeam bathymetric data reveal no evidence
of slide scars in the area surrounding the core sampling sites, though slide scars are observed along the
north slope of the western part of the fiord (Figure 4b)
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Figure 4: a) Escarpment shown in multibeam bathymetric data (Ocean
Mapping Group, 2013) in the centre of Pond Inlet. b) Slide scars on the
northwestern slope of Tasiuaq shown in multibeam bathymetric data
(Ocean Mapping Group, 2013).
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and range in area from 2.9 to13.3 km2. A prominent escarpment is recognized adjacent to core 065 (Figure 4a). This
escarpment appears to continue into the adjacent bedrock
highs, though this is not imaged by the acoustic data owing
to the steepness of the bedrock slopes. The escarpment has
a vertical relief of approximately 20 m in sub-bottom
profiler data and can be traced in the multibeam
bathymetric data for a minimum of 3.5 km within the
basinal sediments. It is not immediately obvious whether
the escarpment is a fault scarp that cuts postglacial basinal
sediments, an eroded fault-line scarp (associated with early
Cenozoic or older faults mapped onshore [Currie et al.,
2012]) that is draped by postglacial sediments, or simply a
plucked or otherwise subglacially eroded wall not directly
related to faulting.
Acoustic facies
Sub-bottom profiler data reveal that the fiord is filled with a
minimum of 50 m of basinal sediments (Figure 5). Preliminary interpretations focus on the main sub-bottom profiler
line, from the seafloor to the strong continuous basal reflector (Figure 2b). The two predominant acoustic facies in the
Pond Inlet region are an acoustically chaotic to reflectionfree facies (facies 1) and an acoustically stratified facies
(facies 2; Table 1), similar to acoustic facies interpreted in
fiords in eastern Canada and Norway (St-Onge et al., 2012;
Bellwald et al., 2016). Facies 1 is composed of discontinu-

ous low to moderate strength reflections or is reflection
free. It is defined by elongate wedges that pinch out and
show erosional truncations with underlying units, and the
upper surface of these deposits can be hummocky. Facies 1
deposits are often stacked and are separated by continuous
high-amplitude reflectors. These wedge deposits reach up
to 20 m in thickness and can be traced for 1550 m. Smaller
deposits of facies 1 are lobe shaped and disrupt high-amplitude continuous reflections. These deposits reach thicknesses of 2.5 m and can be traced for <1000 m. Facies 2
(Figure 5, Table 1) comprises the majority of basinal sediments and is composed of parallel to divergent, moderateto high-amplitude, continuous reflections. Facies 2 is often
overlain by continuous high-amplitude reflectors and is locally interrupted by lobes and wedge-shaped bodies of facies 1, which intersect the moderate- to high-amplitude reflectors. This facies forms lens-shaped deposits that
thicken toward the centre of the basin with a maximum
thickness of 8 m and thin toward the east and west as accommodation in the basin decreases.
Lithofacies
Analysis of four piston cores, including X-radiographs,
core photographs and physical properties (bulk density,
magnetic susceptibility, colour), suggest that the sediments
in this part of Pond Inlet can be separated into six lithological facies (lithofacies L1–L6; Table 2). The back-

Table 1: Characteristics of the major acoustic facies in Pond Inlet.

Table 2: Lithofacies (L) characteristics for Pond Inlet, Baffin Bay.
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Figure 5: a) Sub-bottom profiler line (location shown in Figure 2b) showing characteristics of acoustic facies, the escarpment and the location of piston cores (PC) 065, 067 and 003, Pond Inlet. b) Line drawing showing stacks of acoustically stratified facies (facies 1) and acoustically chaotic to reflection-free facies (facies 2) and continuous high-amplitude reflectors in yellow. The mass transport deposits (MTDs) are
shown in dark grey and five turbidites (T1–T5) are shown in yellow. Abbreviations: NW, northwest; SE, southeast.

ground sedimentary infill is composed of olive-grey–dark
grey massive to stratified mud (L1; Figure 6). Lithofacies 1
is the most abundant lithofacies, comprising the majority of
the sediments in the cores (Figure 7). It is characterized by
predominantly massive to occasionally parallel-laminated
mud and can have a high degree of bioturbation (Table 2). It
ranges in thickness from 3 to 200 cm and is characterized by
low to moderate bulk density and magnetic susceptibility.
Lithofacies 2 (L2) is composed of olive-grey inclined stratified mud (Figure 6). Lithofacies 2 is observed in core 067
and is 150 cm thick and deposited between units of L1 (Figure 7). Lithofacies 2 is characterized by inclined parallel laminations, which have an inclination of approximately 25°,
and has low bulk density and magnetic susceptibility (Ta-
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ble 2). Lithofacies 3 (L3) is composed of folded olivegrey–dark grey mud, makes up the majority of the sediments in core 065, and is 495 cm thick (Figure 7). Lithofacies 3 is characterized by highly deformed mud intervals
with folded mud and convoluted layering, which can be
vertical in the core (Figure 6), and has low to moderate bulk
density and magnetic susceptibility (Table 2). Lithofacies 4
(L4) is composed of a monomict mudclast conglomerate
(Figure 6), ranges in thickness from 12 to 27 cm, and is observed in all four cores (Figure 7). This lithofacies is often
clast supported and occasionally matrix supported. Clasts
are subrounded, the matrix ranges from silty to sandy mud,
and this lithofacies is characterized by higher bulk density
and magnetic susceptibility measurements (Table 2).
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Figure 6: Lithofacies (L) characteristics for Pond Inlet shown in core photography (L1, L2, L3, L4, L6) and in X-radiographs (L5) on the left
side. Sedimentary structure interpretations are on the right side: L1 shows no structures; L2 shows inclined parallel laminations in black; L3
shows convolute layering in black; L4 shows mudclasts in dark grey; L5 shows ice-rafted detritus (IRD) in dark grey; and L6 shows parallel
laminations in black.

Lithofacies 5 (L5) is found near the base of core 065 (Figure 7) and consists of massive olive-grey mud with ice
rafted detritus (IRD; Figure 6). It has moderate bulk density
and magnetic susceptibility (Table 2). Lithofacies 6 (L6) is
located within all four piston cores and is composed of
sorted sand and silt deposits (Figure 7). This lithofacies is
characterized by parallel-laminated or crosslaminated silt
and sand beds, which are normally graded and sometimes
massive, and often has an erosive base (Figure 6). Lithofacies 6 varies in thickness from <1 to 45 cm and is characterized by higher bulk density and magnetic susceptibility (Table 2).
The lithostratigraphic sequence preserved in Pond Inlet is
as follows: discrete units of grey mud with some IRD (L5)
are overlain by a succession of predominantly massive and
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occasionally laminated grey muds (L1). These grey muds
are interrupted by intervals of deformed grey mud (L3 and
L4) and mudclast conglomerate (L5), which are often overlain by sorted silt and sand deposits (L6). Thin layers of
sorted silt (L6) also interrupt the background massive to laminated grey mud intervals.
Chronology
In core 067 at a depth of approximately 589–591 cm, a
Colus shell fragment was sampled from massive olive-grey
mud (L1). A radiocarbon age of 3.34 ±0.03 cal. ka was obtained from the shell and the age indicates that the deposition of the overlying sorted sand deposit (L6) occurred earlier than 3.34 ka and that the underlying inclined stratified
mud was deposited prior to the deposition of the shell.

Canada-Nunavut Geoscience Office

Figure 7: Core logs showing lithofacies interpretations for piston cores (PC) 065, 002, 067 and 003, Pond Inlet. Calibrated radiocarbon date
shown in core 067 and the seven mass transport deposits (MTDs) and turbidite sequences labelled as events 1 to 7. Grain size shown as
mud, sand and mudclast conglomerate (Mcc).
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Based on this radiocarbon age, the mean constant sedimentation rate for this part of the fiord is 1.8 mm/yr.

Preliminary interpretations
Mass transport deposits and turbidites
The sub-bottom profiler data and piston cores reveal that
the basinal sediments of Pond Inlet are dominated by hemipelagic sediments interrupted by gravity flow deposits including MTDs and turbidites, which represent periods of
environmental change or seabed instability. The massive
olive-grey mud that comprises the majority of the cores
(L1, L5) is interpreted as hemipelagic sediment with occasional IRD. It is likely that local Holocene tidal-water glaciers calving into Pond Inlet from Bylot Island or Baffin Island could have sourced those IRD. The sub-bottom
profiler section reveals three major MTDs separated by
hemipelagic sediments and a minimum of five turbidite deposits (Figure 5). Mass transport deposits are the largest
mass wasting deposits by volume, and are characterized in
geophysical data by acoustically chaotic to reflection-free
facies that form wedge deposits, similar to postglacial fiord
mass wasting deposits described by St-Onge et al. (2012)
and Bellwald et al. (2016). These submarine MTDs are erosive and cut into underlying sediments. The smallest MTD
in the study area is deposited adjacent to a 20 m escarpment
(Figure 5). Lithofacies 2, 3 and 4 are interpreted to represent MTD lithofacies (Figure 7) and are similar to MTD
lithofacies discussed by Tripsanas et al. (2008). The inclined and folded mud (L2, L3) represent a lower degree of
deformation in comparison with the mudclast conglomerate (L4). The acoustically chaotic to reflection-free acoustic facies identified in the sub-bottom profiler data is
intersected by cores 065 and 003, correlating with the MTD
lithofacies L3 and L4 in the sediment cores.
Turbidites are the most abundant gravity flow deposit observed in the basin (Figure 5). They are interpreted as highamplitude continuous reflectors in the sub-bottom profiler
data and as the sorted silt and sand deposits (L6), in agreement with Tripsanas et al. (2008). A minimum of five major
turbidite deposits can be recognized within the sub-bottom
profiler section. These flows interrupt normal sedimentation in the basin and are interbedded with hemipelagic sediments (Figure 5). The turbidites often occur at the top of the
MTD sequence, similar to the relationship reported by Jenner et al. (2007) along the central Scotian Slope. These deposits are the most laterally continuous gravity flows and
can be correlated up to 2 km on sub-bottom profiler data,
and range in thickness from <1 to 45 cm.

Sedimentation rates and frequency of gravity
flows
The late Holocene sedimentation rate in Pond Inlet of
1.8 mm/yr. is higher than reported sedimentation rates for
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the Baffin Island Shelf and other Baffin Bay fiords, which
are on the order of 0.3–0.6 mm/yr. (Andrews et al., 1985).
This gives Pond Inlet a greater potential to preserve a
higher resolution sedimentary record. Core 067 represents
the longest continuous record in Pond Inlet and reveals a total of seven MTDs and/or turbidites recorded in this portion
of the basin during the late Holocene (Figure 7). The geochronology results provide an initial estimate of the frequency of MTD and turbidite events in the basin of 1 every
800 years.

Triggering mechanisms for mass transport
deposits and turbidites
Multiple Holocene MTDs and turbidites are preserved in
Pond Inlet. It is possible that the sediment record contains a
paleoseismological framework for northern Baffin Bay.
However, it is recognized that the record could be the result
of a wide range of processes besides seismicity, such as local events including stream floods, subaerial landslides,
jokulhaups and storm surges. However, the volume of the
largest MTDs discovered in Pond Inlet and the paucity of
thick sediment on the fiord walls above or below sea level
may imply that the MTDs were reworked previously deposited basinal sediments. At this point, local events cannot
yet be ruled out as possible triggering mechanisms, particularly for the voluminous MTDs. The recognition of synchronous events in multiple catchments has often been used
to provide evidence for a paleoseismic origin (Goldfinger,
2011), and the areal extent of large multifiord seismic
events would be proportional to earthquake magnitude.

Future work
Work is ongoing to characterize and correlate the MTDs
and turbidites preserved in Pond Inlet to establish the first
MTD/turbidite chronology for Baffin Bay. This work includes sedimentological analyses of thin sections, portable
X-ray fluorescence (pXRF) and X-ray computed tomography (XCT) core imaging to improve understanding of
depositional processes. Additional radiocarbon dates will
be obtained in strategic positions to better constrain the timing of MTD and turbidite deposition in the fiord and to establish if deposits are correlative throughout and beyond
the basin. If these deposits can be linked to seismicity, this
will lead to improved assessment of the seismic hazard and
risk of displacement waves in northern Baffin Bay.

Economic considerations
Even though ground acceleration in this seismically active
region may endanger community members and property,
the greatest risk to the northeastern Baffin Island communities is displacement waves. Risks associated with displacement waves have been the focus of Norway and other
Nordic countries, where fiords are common. Previous displacement waves in arctic settings have had runup heights
up to 12 m (Bondevik et al., 2003). The potential for their
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disastrous effects was recently experienced in western
Greenland on June 17, 2017, when a displacement wave
killed four people in the village of Nuugaatsiaq and destroyed 11 homes (Schiermeier, 2017). Nuugaatsiaq is situated across Baffin Bay from northeastern Baffin Island.
All of the communities on northeastern Baffin Island have
infrastructure within 1 m of high tide, and many hamlets are
mostly within 50 m asl elevation. The hamlet of Pond Inlet
has a population of 1617 (Statistics Canada, 2017) and its
economy is supported by government and tourism. Major
infrastructure includes an airport at 55 m asl, two schools,
one of the largest Arctic co-operatives in Nunavut (situated
below 50 m asl) and a wharf system for tour cruises and
sealifts. Activities in the area include mineral exploration
in north-central Baffin Island and planned mining at
Baffinland Iron Mines Corporation’s Mary River mine site,
located 160 km inland from the hamlet.
This study is an initial attempt to examine marine geological hazards in Pond Inlet. This information will contribute
to an improved understanding of the potential seismic submarine landslides in Pond Inlet and the vulnerability of existing and future infrastructure in this region.

Conclusions
Analysis of sediment cores and 3.5 kHz sub-bottom profiler data in Pond Inlet have revealed a record of late Holocene mass movement in the region. Two main acoustic facies were identified within the inner portion of the fiord,
including an acoustically stratified facies representing normal hemipelagic sedimentation that is interrupted by
MTDs of the acoustically chaotic to reflection-free facies.
Packages of hemipelagic sediments and the tops of MTDs
are overlain by five high-amplitude reflectors interpreted
as turbidites deposits. The MTDs reach thicknesses up to
20 m in the basin and turbidites up to 45 cm thick can be
traced over 2 km. Radiocarbon dates reveal a basinal sedimentation rate of 1.8 mm/yr., and a preliminary estimate of
gravity-flow frequency in this region is on the order of 1
event every 800 years. The region’s high seismicity suggests that the gravity driven flows could be seismic, although locally derived triggering mechanisms, such as
flooding, glacial outburst floods and onshore landslides,
cannot be ruled out at this time. Analysis of the cores and
acoustic data is ongoing and this investigation aims to establish the first MTD chronology for northern Baffin Bay,
which will help improve the geohazard assessment for the
region.
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Abstract
A predominantly coastal population, high seismicity and competing demands for seabed usage have driven the need to
better understand marine geohazards in Baffin Bay—particularly seabed stability. Since 2012, a research project has been
underway to create a predictive geohazard framework offshore Baffin Island. The approach integrates seabed morphology,
shallow seismic stratigraphy, lithostratigraphy and geotechnical parameters to delimit the extent of geohazards, their recurrence, trigger mechanisms and likelihood of future events. The aim of this paper is to present preliminary results from the integration of lithological and geotechnical data from the Baffin Island slope and the West Greenland slope.
Sediment cores taken from undisturbed sections of seabed along the Baffin Island slope and the West Greenland slope reveal a consistent lithostratigraphy that spans the Late Pleistocene to present depositional history. The sediments consist of
glacial diamicton, proglacial sandy and muddy plume and turbidity current deposits; carbonate-rich, ice-rafted, gravelly,
sandy mud; and postglacial hemipelagic deposits. Geotechnical results reveal normal to underconsolidated sediments in the
five cores studied. A potentially liquefiable geotechnical unit is associated with brown silty mud underlying carbonate-rich,
ice-rafted sediments. The development of this unit may be due to rapid burial by ice-rafting events that precluded normal
draining of the sediment.

Résumé
Une population vivant en grande partie près des côtes, un risque de séismes élevé et des demandes d’accès au fond marin qui
se font concurrence ont motivé le besoin de porter plus d’attention aux géorisques marins dans la baie de Baffin, surtout en
ce qui a trait à la stabilité du plancher océanique. Depuis 2012, un projet de recherche se poursuit en vue de créer un cadre
prévisionnel des géorisques au large des côtes de l’île de Baffin. L’approche à l’égard de la surveillance des géorisques
intègre des données provenant de la morphologie du fond marin, de la sismostratigraphie effectuée à faible profondeur, de la
lithostratigraphie et des paramètres géotechniques afin de délimiter l’étendue des géorisques, leur fréquence, les
mécanismes de déclenchement et le degré de probabilité qu’ils surviennent. Le présent article traite des résultats
préliminaires de l’approche intégrant des données géologiques et géotechniques relevées sur le talus de l’île de Baffin et le
talus de l’ouest du Groenland.
Des carottes de sédiments prélevées dans des sections non perturbées du fond marin le long du talus bordant l’île de Baffin et
le talus de l’ouest du Groenland révèlent un profil lithostratigraphique consistant, qui témoigne de l’évolution sédimentaire
de la région de la fin du Pléistocène jusqu’à aujourd’hui. Ces sédiments se composent de diamicton glaciaire, de dépôts
proglaciaires de composition sableuse et boueuse entraînés par des courants de turbidité et des panaches, de boue
graveleuse et sableuse d’origine glacielle et riche en carbonate, et de dépôts hémipélagiques postglaciaires. Les résultats
d’analyses géotechniques indiquent la présence de sédiments de type normal à non consolidé dans les cinq carottes étudiées.
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Une couche géotechnique potentiellement liquéfiable est associée à de la boue limoneuse brune recouverte par des
sédiments glaciels riches en carbonate. La formation de cette unité peut être liée à un enfouissement rapide lors
d’événements glaciels qui auraient empêché la vidange normale des sédiments.

Introduction
Since 2012, the Geological Survey of Canada (GSC) has
led a research project to study marine geological hazards
(geohazards) offshore Baffin Island (Figure 1; Bennett et
al., 2014; Campbell and Bennett, 2014). The primary drivers for this research are a predominantly coastal population
that may be at risk to marine geohazards, a complex geological environment including high seismicity and an Arctic
setting, and competing demands for
seabed usage. The research approach
integrates seabed morphology, shallow
seismic stratigraphy, lithostratigraphy
and geotechnical parameters to delimit
the extent of geohazards, their recurrence, trigger mechanisms and likelihood of future events. One of the outcomes of this research is a predictive
geohazard framework for the region,
which can be used to advise and inform
stakeholders and decision makers.

rador Sea and the North Atlantic by way of Davis Strait
(Figure 1). The continental shelf along the western side of
Baffin Bay is 40–60 km wide and up to 300 m deep. Numerous U-shaped transverse troughs, 20–200 km wide and up
to 700 m deep, extend out across the continental shelf to the
shelf break as subsea fjord extensions. The continental slope
is narrow and steep, passing rapidly out onto the relatively
smooth Baffin Bay basin abyssal plain. Unlike many other

In 2013, several piston cores were collected along the slopes of Baffin Island
and West Greenland within Canadian
waters in order to characterize the shallow (<12 m) subsurface geology along
the slope and attempt to develop a shallow lithostratigraphic framework.
Campbell et al. (2017) provided the details of the analysis of these cores as
well as the Late Pleistocene acoustic
and lithostratigraphy of the slope. Concurrently with the lithostratigraphic research, detailed analysis of the physical
and geotechnical properties of these
sediments was undertaken. This paper
presents some preliminary results of the
integration of lithological and geotechnical data from four sediment cores
along the Baffin Island slope and one
sediment core from the West Greenland
slope.

Setting
Baffin Bay is an elongated ocean basin
(1300 km long; 450 km wide) that connects northward to the Arctic Ocean via
several channels of the Canadian Arctic
Archipelago and southward to the Lab-
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Figure 1: Study area in Baffin Bay showing the locations of cores analyzed for
geotechnical properties. Grey circles signify core locations in Figure 2.
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passive continental margins, the Baffin Island slope does
not exhibit well-developed canyon systems. The deepest,
central portion of the basin reaches approximately 2300 m
water depth.

Methods
A total of 28 piston cores were collected by the GSC from
Canadian Coast Guard Ship (CCGS) Hudson during expedition 2013029, predominantly along the western slope of
Baffin Bay but also at the mouth of Disko Bugt, on the
southeastern margin of Baffin Bay (Campbell, 2014). In
addition, 4200 line-km of 3.5 kHz sub-bottom profiler data
were collected with the Knudsen hull-mounted CHIRP
(digital FM sub-bottom profiling system). Campbell et al.
(2017) presented the late Quaternary lithostratigraphy
identified from 21 of these piston cores and illustrated the
alongslope variation of specific lithofacies throughout the
western side of the Baffin Bay margin. A subset of the
2013029 cores was selected for advanced geotechnical
analysis that included cores 2013029-48, 2013029-60,
2013029-75, 2013029-77 and 2013029-82 (Figure 1). This
subset of cores sampled a variety of stratigraphic targets,
selected using high-resolution sub-bottom profiler data;
these sites are deemed representative of the various geological settings along the Baffin Island slope and the West
Greenland slope.
Campbell et al. (2017) described in detail the standard coreprocessing methods used at GSC-Atlantic. The methods
consist of
• multi-sensor core logging;
• core photography;
• reflectance spectrophotometry;
• visual sample description;
• discrete physical properties measurements (density, velocity and miniature shear vane);
• radiocarbon dating;
• portable X-ray fluorescence; and
• grain-size measurements.
Data from these instruments and methods were used to develop a lithostratigraphic framework for the western Baffin
Island slope and the West Greenland slope.
The geotechnical program was designed to determine the
sediment classification, strength parameters and stress history to assess slope stability. The multi-sensor core logger
(MSCL) measurements taken at 1 cm intervals were used to
develop density profiles. Miniature laboratory vane (MV)
peak undrained shear strength measurements were taken at
10 cm intervals with remoulded shear strength taken twice
per 150 cm core section. Natural water content was determined at 75 cm intervals. Plastic and liquid (Atterberg) limits were determined at approximately 1 m intervals with the
selected core depth corresponding to a water content mea-
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surement. Stress history and compressibility were determined from consolidation tests.
The Mohr-Coulomb failure criterion and normalized
strength ratios (Su/ 'v) in the normal consolidated (NC)
stress range were determined from isotropically consolidated undrained (CIU) triaxial tests. A normalized undrained shear strength profile can be constructed using the
Mohr-Coulomb failure criterion. The Mohr-Coulomb relationship uses two strength parameters: the effective cohesion factor (c') and the effective friction angle ( '; Poulos,
1988). The incremental shear strength calculation using the
Mohr-Coulomb relationship is defined as
⎡
⎛ c'
⎞⎤
cos φ'⎟ ⎥
⎢(K 0 + A f (1− K 0 )) sin φ'+ ⎜
σ
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⎝ vo
⎠⎥
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where Su is the shear strength, σ′v is the effective vertical
stress, K0 is the coefficient of earth pressure at rest, Af is the
pore pressure parameter at failure, c' is the effective cohesion factor and φ' is the effective friction angle.
The Su/ 'v values from the CIU triaxial tests can also be
used to obtain profiles of undrained shear strength using the
stress history and normalized soil engineering properties
(SHANSEP) procedure (Ladd and Foott, 1974). This procedure is a system used to characterize the sediment’s undrained shear strength with depth.
The geotechnical data were compiled into geotechnical
profiles that comprised down-core plots of lithology, grain
size, density, natural water content, plastic and liquid limits, shear strength, effective overburden stress and
preconsolidation pressure values. Geotechnical units were
assigned based on a comparison of lithology with geotechnical index properties.

Results
Lithostratigraphy
The late Quaternary geology of the Baffin Island slope is
dominated by trough mouth fans fed by distinct transverse
troughs (Campbell et al., 2017). The Late Pleistocene and
Holocene lithostratigraphic framework consists of a typical
succession of lithofacies that is correlatable along the margin (Figure 2). This succession consists of proglacial and
glaciomarine deposits composed of basal diamicton
(glaciogenic debris flows) overlain by fine-grained turbidites and meltwater plume deposits, which in turn is overlain
by carbonate-rich, ice-rafted, gravelly, sandy mud. Proglacial deposits transition upsection to postglacial hemipelagic sediments (Figure 2). Although the geophysical
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Figure 2: Summary of main Late Pleistocene and Holocene lithostratigraphic units from the Baffin Island slope. Modified from Campbell et al. (2017). Core locations are shown as grey circles in Figure 1. Abbreviation: IRD, ice-rafted debris.

data shows evidence of shallow seabed failure (Campbell
and Bennett, 2014), sediment core data show that these failures are Late Pleistocene and evidence of Holocene seabed
failure is limited or absent, although data coverage is sparse
in places.

• unit 2: Holocene and Late Pleistocene muds;

Geotechnical analysis

• unit 7: basal diamicton.

The surficial sediments are characterized by seven geotechnical units that were determined by comparing sediment
types and index properties. These geotechnical units are
• unit 1: carbonate-rich mud with ice-rafted debris (IRD);

Figures 3–7 show the geotechnical profiles for the five
cores. In most cases, variations in bulk density show direct
correlations with lithology. For example, the carbonaterich, gravelly, sandy mud of unit 1 and the diamicton of

108

• unit 3: mass-transport deposits;
• units 4 to 6: show similar geotechnical characteristics

and are likely a mix of hemipelagic, meltwater plume,
turbidity current and contour current deposits; and
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Figure 3: Geotechnical profile for core 2013029-048. Abbreviations and variables: σ'vo, effective vertical stress; σ'c, maximum past stress is determined from the consolidation test; MV, miniature shear vane; Su, undrained shear strength; SHANSEP, stress history and normalized soil engineering properties. Core location is shown on Figure 1.
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Figure 4: Geotechnical profile for core 2013029-060. Note the agreement between lithological variations and bulk density values. Abbreviations and variables: σ'vo, effective vertical stress;
σ'c, maximum past stress determined from the consolidation test; MV, miniature shear vane; SHANSEP, stress history and normalized soil engineering properties; Su, undrained shear
strength. Core location is shown on Figure 1.
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Figure 5: Geotechnical profile for core 2013029-075. Unit 6 coincides with a marked decrease in bulk density, and an increase in natural water content that is greater than the liquid limit. Abbreviations and variables: σ'vo, effective vertical stress; σ'c, maximum past stress determined from the consolidation test; MV, miniature shear vane; SHANSEP, stress history and normalized
soil engineering properties; Su, undrained shear strength. Core location is shown in Figure 1.
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Figure 6: Geotechnical profile for core 2013029-077. Unit 6 coincides with a marked decrease in bulk density, and an increase in natural water content that is greater than the liquid limit. Abbreviations and variables: σ'vo, effective vertical stress; σ'c, maximum past stress determined from the consolidation test; MV, miniature shear vane; SHANSEP, stress history and normalized
soil engineering properties; Su, undrained shear strength. Core location is shown in Figure 1.

Summary of Activities 2017

113

Figure 7: Geotechnical profile for core 2013029-082. There is little agreement between lithological variations and measured bulk density. Abbreviations and variables: σ'vo, effective vertical
stress; σ'c, maximum past stress determined from the consolidation test; MV, miniature shear vane; SHANSEP, stress history and normalized soil engineering properties; Su, undrained shear
strength. Core location is shown in Figure 1.

unit 7 have an increased bulk density compared to overlying and underlying deposits. An exception is core
2013029-082 (Figure 7), which shows no relationship between the carbonate-rich interval and bulk density variations. This is probably due to lower IRD content in the carbonate mud in these cores (Campbell et al., 2017). In
general, consolidation and Atterberg limits show that the
sediments are predominantly normally consolidated to
slightly underconsolidated lean clays.
Seed et al. (2003) suggested that lean silts and clays with
high water content relative to their liquid limit value
(>0.85 LL) may be susceptible to soil liquefaction under
load. Several Atterberg tests reveal that geotechnical unit 6
is potentially liquefiable. Lithologically, unit 6 is brown
silty mud that lies immediately below or between carbonate-rich mud with IRD found in cores 2013029-60,
2013029-75, 2013029-77 and 2013029-82 (Figures 4–7).
The geotechnical profiles for these cores show that unit 6 is
represented by an increase or peak in the trend of the natural
water content that exceeds the liquid limit. This peak in natural water content usually coincides with a decrease in bulk
density. The best example of this relationship is shown in
core 2013029-75 where unit 6 occurs from 350 to 390 cm
down core, between a 60 cm thick overlying carbonate-rich
bed and a 10 cm thick underlying carbonate-rich bed (Figure 5).

Discussion
The consistent lithological framework found in undisturbed cores (Campbell et al., 2017) suggests that the sedimentary succession on the Baffin Island slope is due to
widespread, regional processes, rather than local processes. Ice-rafted, carbonate-rich, gravelly, sandy mud,
found near the top of most cores in this study, has been repeatedly identified at various stratigraphic levels throughout Baffin Bay. Andrews et al. (1998) referred to these beds
as Baffin Bay detrital carbonate (BBDC) events and recognized 7 events over the last 52 ka from several cores in
Baffin Bay; Simon et al. (2012) identified 13 of these
events during the last 112 ka from a core on the lower slope
off Clyde River. The BBDC events correlate to interstadial
periods in δ18O records and reflect major climatic shifts and
rapid retreat of ice streams along the margins of Baffin Bay.
Geotechnical unit 6 occurs stratigraphically either within a
couple of BBDC layers (e.g., core 2013029-75), or immediately below (e.g., core 2013029-60). The geotechnical
characteristics of the unit (i.e., high natural water content
and low density) suggest rapid burial that prevented normal
dewatering of the sediments. Geologically, this observation
agrees with what would be expected during burial by significant ice-rafting events. Simon et al. (2012) showed that
sedimentation rates during BBDC events approach 160 cm/
ka, which is 4 to 10 times greater than other times in the
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Late Pleistocene and Holocene. The repeated pattern of
BBDC events with depth (Andrews et al., 1998) implies
that geotechnical units similar to unit 6 may be buried by
several tens of metres of sediment along the Baffin Island
slope, and may in fact form detachment surfaces for large
submarine landslide events.

Economic considerations
Coastal populations and marine infrastructure along eastern Baffin Island are susceptible to marine geological hazards in the bay. Decisions about infrastructure development, emergency plans and public safety should
incorporate the latest research on seabed stability for a
given region. The integration of lithological and geotechnical results presented here offer a first step toward being
able to predict where and when submarine landslides may
happen in the future. The outputs from this research should
be used to help formulate future regulations for infrastructure development, thus helping to ensure the safety of
northerners.

Conclusions
Integration of lithological and geotechnical analyses of
sediment cores from the Baffin Island slope and the West
Greenland slope has revealed linkages between lithology
and geotechnical properties, which ultimately will contribute to the development of a predictive geological hazard
framework in Baffin Bay. This research has revealed a potentially weak sedimentary layer that likely formed through
the rapid burial of sediments during ice-rafting events that
happened throughout the Late Pleistocene. Inferences from
the glacial geological history of Baffin Bay suggest that
such weak layers may occur at many stratigraphic levels
with depth.
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Climate change and warming conditions are occurring in the north. Any decisions concerning land-use planning, infrastructure development or community sustainability are hindered by limited publicly available geoscience information in remote regions. Between 2014 and
2018, the Canada-Nunavut Geoscience Office is leading a geoscience compilation project in the Kivalliq Region, along the western coast
of Hudson Bay from the Manitoba border to Rankin Inlet (NTS map areas 55D–F, K, L). The objective is to compile all existing aggregate,
mineral potential, surficial geology, land cover and permafrost data for this area. Although permafrost and ground ice are important features of the landscape along the western coast of Hudson Bay, there have been few measurements of ground temperature and permafrost
studies in the Kivalliq Region of Nunavut. Part of the research activity will involve the development of methods for regional characterization of permafrost conditions by integrating observations from different sources across different scales, from site-based data to remotely
sensed data.
Oldenborger, G.A., Bellehumeur-Génier, O., Short, N., Tremblay, T. and LeBlanc, A.-M. 2017: Ground temperatures and permafrost conditions, Rankin Inlet, southern Nunavut; in Summary of Activities 2017, Canada-Nunavut Geoscience Office, p. 117–128.

Abstract
Along the western coast of Hudson Bay, permafrost and ground ice are important features of the landscape and can significantly affect land-based infrastructure. Fieldwork was conducted in Rankin Inlet to determine ground temperatures and
provide information on permafrost and ground ice conditions for the region. Recent fieldwork involved installation of several permafrost monitoring stations, along with collection of ground geophysics for comparison to relative seasonal ground
surface displacement maps derived from differential interferometric synthetic aperture radar (DInSAR). Site locations were
chosen to represent a variety of conditions including developed and undeveloped land, and different geological settings.
Average summer ground temperatures are -5.6°C at 12 m depth and -6.6°C at 7 m depth for sites on developed and undeveloped land, respectively. Although based on limited data, these temperatures are within the range of other contemporary
ground temperatures in the region, and indicate warmer conditions than historically reported for Rankin Inlet. Results are
site specific, but observations indicate correlation between surficial geology, apparent conductivity and relative seasonal
ground surface displacement that could be used for permafrost mapping. Beach deposits exhibit moderate conductivity and
minimal relative seasonal ground surface displacement, but may eventually be locally thaw susceptible due to the presence
of currently stable ice wedges. In contrast, other terrain types exhibit complex patterns of displacement and apparent conductivity that require further investigation.

Résumé
Le long de la côte ouest de la baie d’Hudson, le pergélisol et la glace de sol sont des caractéristiques importantes du paysage
et peuvent avoir une incidence sur l’infrastructure terrestre. Le présent rapport fait état de travaux sur le terrain qui ont été
réalisés à Rankin Inlet afin d’établir les températures au sol et fournir de l’information au sujet des conditions locales
relatives au pergélisol et à la glace de sol. Des travaux sur le terrain récents incluent l’installation de sites de surveillance de
la température du pergélisol ainsi que la réalisation de levés géophysiques dans le but d’en comparer les résultats aux cartes
des déplacements saisonniers relatifs de la surface du sol établies à l’aide de données d’interférométrie radar différentielle
(DInSAR). Des sites ont été choisis afin de représenter une variété de conditions, notamment l’environnement bâti, le
milieu naturel et différents milieux géologiques. La température estivale moyenne du sol est près de -5,6 °C à 12 m de
profondeur et de -6,6 °C à 7 m de profondeur respectivement dans l’environnement bâti et le milieu naturel. Bien que les
données de température soient encore limitées, ces valeurs s’accordent avec les données disponibles sur le régime
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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thermique actuel du pergélisol de la région; elles indiquent en outre que le pergélisol est actuellement plus chaud que n’en
font état les données historiques pour Rankin Inlet. Les observations indiquent une corrélation, différente d’un site à l’autre,
entre la géologie de surface, la conductivité apparente et le déplacement saisonnier relatif de la surface du sol qui pourrait
s’avérer utile aux fins de cartographie du pergélisol. Les dépôts de plage font preuve d’une conductivité modérée, allant de
pair avec une faible incidence de déplacement saisonnier relatif de la surface du sol, mais ces mêmes dépôts peuvent
éventuellement être sujets au dégel par endroits en raison de la présence de coins de glace, qui sont pour le moment stables.
D’autres types de terrain présentent des corrélations plus complexes entre les déplacements et la conductivité apparente, et
nécessiteront un examen plus approfondi.

Introduction
Information on ground temperatures and ground ice conditions is important for modelling the response of permafrost
to climate warming, understanding surface water–groundwater interactions, and predicting the behaviour of permafrost as an engineering substrate. Smith et al. (2010) provide a synthesis of the thermal state of permafrost and
ground warming across North America. However, the scarcity of permafrost data along the western coast of Hudson
Bay and the Kivalliq Region of Nunavut prevents the characterization of trends in ground temperature for central
Canada (Smith et al., 2010). Additional community-based
permafrost monitoring sites are improving the ability to
evaluate the thermal state of permafrost for Nunavut (Ednie
and Smith, 2015). However, for the Rankin Inlet region, information on current permafrost conditions is specific to
natural resource projects for which data are limited in recording period and availability (Smith et al., 2013; Golder
Associates, 2014a, b). Other studies are largely limited to
reconnaissance-scale surficial geological mapping and inference from satellite-based observations (McMartin,
2002; Tremblay et al., 2015; LeBlanc et al., 2016; Short et
al., 2016; Bellehumeur-Génier et al., 2017).
This paper summarizes the progress of a multiyear project
based in the Hamlet of Rankin Inlet with the objective of
improving regional characterization of permafrost conditions by integrating site-based observations of ground temperature and ground ice with other data from sources at increasing scale, from ground geophysics to airborne
mapping to satellite remote sensing (Oldenborger et al.,
2016). Fieldwork in 2017 involved installation of several
permafrost monitoring stations and the collection of
ground geophysics in the vicinity of Rankin Inlet. Study
site locations represent a variety of terrain conditions including developed and undeveloped land, and different
geological settings. Results of this study will provide valuable baseline information in the Kivalliq Region of Nunavut, such as ground temperature, land cover and terrain stability. Synthesis and interpretation of the data will provide
an improved understanding of permafrost conditions in the
region and the potential response to infrastructure development and climate warming.
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Study area
The surficial geology of the area surrounding Rankin Inlet
consists of glacial, marine and glaciofluvial deposits with
numerous eskers and bedrock outcrops (Brown, 1978;
McMartin, 2002). The region was covered by the Laurentide Ice Sheet and the Keewatin dome during the Wisconsinan Glaciation (Shilts et al., 1979). After deglaciation, the
postglacial Tyrrell Sea extended as much as 150 km inland
from the current coastline over the isostatically depressed
land surface, reaching an elevation of approximately 170 m
above present sea level (Dyke, 2004; Randour et al., 2016).
Isostatic rebound and emergence resulted in the formation
of coastal permafrost that continues to evolve with the
changing landscape (e.g., Shur and Jorgenson, 2007).
Rankin Inlet and the western coast of Hudson Bay are within the continuous permafrost zone (Figure 1a). Average
mean annual air temperature (MAAT) for Rankin Inlet was
-10.3°C from 1981 to 2016 (Environment Canada, 2017).
Over the same period, MAAT increased at an average rate
of 0.06°C/yr. (Figure 1b). A similar warming trend is observed for Arviat, Chesterfield Inlet and Whale Cove (e.g.,
Tremblay et al., 2015). Permafrost thickness in the Rankin
Inlet region has been estimated to be 300 m near the coast
(Brown, 1978) and from 360 to 495 m inland (Golder Associates, 2014a). Active layer thickness may vary from 0.3 to
4 m depending on local ground conditions (Brown, 1978;
Smith et al., 2010; Golder Associates, 2014a; Oldenborger
et al., 2016). Permafrost temperature has been reported historically as -6.4 to -7.9°C from 4 to 14 m depth (Brown,
1978). Contemporary permafrost temperatures ranging
from -4.8 to -7.5°C at depths of zero annual amplitude ranging from 10 to 30 m are reported in baseline studies for Agnico Eagle Mines Limited’s advanced-stage Meliadine
gold project (Golder Associates, 2014a). Periglacial features such as ice-wedge polygons, mud boils and
gelifluction lobes have been mapped as part of the surficial
geology (McMartin, 2002). Ground ice occurrence in the
region is likely spatially variable and related to surficial geology and hydrology (e.g., Judge et al., 1991).

Methods
Two permanent ground temperature monitoring sites were
chosen to record the long-term thermal state of permafrost
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in the Rankin Inlet region both for developed and undeveloped land-use scenarios (RI01, RI02, Figure 2). Boreholes
for thermal monitoring were drilled at sites RI01 and RI02
(Figure 3a, b) in March 2017 using a track-mounted air-rotary drill. Site RI01 is within the hamlet and was drilled in
thin beach deposits over marine-washed till to 14.1 m depth
without encountering bedrock. Site RI02 was drilled in marine-washed till adjacent to till blanket and beach deposits
to 7.0 m depth with bedrock reported at approximately
3.5 m depth based on resistance and cuttings. Location of
these sites on glacial till and littoral marine sediments is
considered to be representative of large portions of the
western coast of Hudson Bay (Figure 3c, d; McMartin,
2002). Both holes were cased with polyvinyl chloride
(PVC), filled with silicone bath oil, and instrumented with
multithermistor cables connected to 16-channel data loggers in June 2017.
In March 2017 at the time of drilling, site RI02 had variable
snow cover of approximately 0–0.45 m depth, and site RI01
had negligible snow depth. However, site RI01 is among
buildings and may be subject to snow drifting and intermittent snow clearing (Figure 3a). It was noted that a vacant lot
adjacent to RI01 is used somewhat regularly by the hamlet
as a snow dump, and this may influence the surrounding
area including site RI01.

Figure 1: a) Geographic location of Rankin Inlet and permafrost
distribution in Nunavut (after Heginbottom et al., 1995). b) Mean
annual air temperature (MAAT) for Rankin Inlet (Environment Canada, 2017).

Four additional shallow sites (RI03–06, Figure 2) were instrumented with temperature sensors, moisture content
sensors and water level sensors (Table 1). Locations were
chosen to represent different terrain types, including a
raised beach characterized by partly connected ice-wedges

Figure 2: Site locations for permanent ground temperature monitoring boreholes (RI01, RI02) and shallow permafrost monitoring stations (RI03–06), Rankin Inlet area. Digital topographic data licensed under the Open Government Licence – Canada.
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Figure 3: Sites of permanent ground temperature monitoring boreholes a) RI01 and b) RI02, Rankin Inlet area. Surficial geology surrounding sites c) RI01 and d) RI02 (geology from Geological Survey of Canada, 2017; background is a Worldview satellite image ©DigitalGlobe,
Inc. all rights reserved). Abbreviations from Cocking et al. (2015): Mi, marine sediments – intertidal; Mn, marine sediments – nearshore and
littoral; Mr, marine sediments – beach; R, bedrock – undifferentiated; Tb, glacial sediments – till blanket; T.M, glacial (till) and marine sediments – undifferentiated; T.M(w), glacial (till) and marine sediments – undifferentiated and reworked by marine waves and current action.

(RI03), till and nearshore marine sediments characterized
by hummocky ground (RI04), nearshore marine sediments
with a large-scale ice-wedge polygon network (RI05), and
till and marine sediments adjacent to beach, littoral and
offshore marine sediments (RI06).

The shallow permafrost monitoring site RI03 has thermistors and moisture sensors installed both in the interior
(RI03a) and an adjacent trough (RI03b) of an unconnected
ice-wedge polygon network in raised beach sediments
(Figure 4a). RI03a is shallow pit dug to 1.28 m depth

Table 1: Summary of permafrost monitoring sites, Rankin Inlet area, southern Nunavut. Not all data are
discussed herein.
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Figure 5: a) Site RI05 in nearshore marine sediments, Rankin Inlet
area (surficial geology from Geological Survey of Canada, 2017;
background is a Worldview satellite image ©DigitalGlobe, Inc. all
rights reserved). b) RI05a and RI05b are approximately 25 m apart
within a large-scale ice-wedge polygon network. Abbreviations
from Cocking et al. (2015): Mn, marine sediments – nearshore and
littoral; Mr, marine sediments – beach; Tb, glacial sediments – till
blanket; T.M(w), glacial (till) and marine sediments – undifferentiated and reworked by marine waves and current action; Tv, glacial
sediments – till veneer.

Figure 4: a) Site RI03 on raised beach sediments, Rankin Inlet
area (surficial geology from Geological Survey of Canada, 2017;
background is a Worldview satellite image ©DigitalGlobe, Inc. all
rights reserved). b) Sites RI03a and RI03b are approximately 7 m
apart in an unconnected ice-wedge polygon network. c) Partial
core of wedge ice extracted at RI03b from 1.52 to 1.76 m depth. Abbreviations from Cocking et al. (2015): A.M, alluvial and marine
sediments – undifferentiated; Mr, marine sediments – beach; Tb,
glacial sediments – till blanket; T.M, glacial (till) and marine sediments – undifferentiated; Tr, glacial sediments – ridged moraine.

(Oldenborger et al., 2016) and RI03b is a shallow cored
borehole (Figure 4b). Whereas the polygon interior is characterized by lichen cover and dry coarse sand, the polygon
trough is characterized by moss, shrub and a thicker organic
layer. The RI03b borehole intersects approximately 0.8 m
of wedge ice starting at 1.16 m depth (Figure 4c).
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The shallow permafrost monitoring site RI05 is characterized by a large-scale ice-wedge polygon network in nearshore marine sediments (Figure 5a). Site RI05 is instrumented with a radiation shield and air temperature logger to
provide air temperature data from a location other than the
Environment Canada weather station at Rankin Inlet Airport. Thermistors and moisture sensors were installed in
both upland (RI05a) and lowland (RI05b) areas of the site
(Figure 5b). Whereas the upland areas are characterized by
low shrubs, the lowland areas are characterized by grass.
Although not polygon troughs, the lowland areas exhibit
increased surface water and a certain degree of connectivity
to the polygon network.
For selected sites, geophysical data were acquired using a
Geonics Limited EM31 ground conductivity meter
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(McNeil, 1980). The ‘apparent conductivity’ measured by
the EM31 is an integrated measure of the electrical conductivity of the ground for which approximately 50% of the cumulative signal strength comes from the top 3 m of the
ground, and 70% from the top 6 m for the configuration presented (vertical magnetic dipoles at 1 m height). Electrical
conductivity of earth materials is highly variable, but for
glacial sediments, conductivities on the order of 10 mS/m
for unfrozen ground and 1 mS/m for frozen ground are typical (e.g., King et al., 1988; Palacky, 1988). Increased clay
content, moisture content or salinity will cause an increase
in conductivity, whereas increased ground ice will cause a
decrease in conductivity. For the areas surveyed, porewater
analysis of active layer sediment samples indicates exclusively freshwater (porewater conductivity <60 mS/m), but
saline permafrost has been reported for the region (Hivon
and Sego, 1993).
The EM31 data were collected in vertical and horizontal dipole modes using continuous acquisition with simultaneous GPS input along semiregular survey lines dictated by
terrain. The result is a nominal measurement spacing of 1 m
along line and 2–25 m across lines. Measured apparent conductivities were corrected using linear time-based drift on a
survey-by-survey basis, and control point levelling on a
survey-to-survey basis. Corrected data were interpolated to
a 2 m square grid using a 30 m search radius to generate apparent conductivity maps.

Apparent conductivity maps are compared to relative seasonal ground surface displacement derived from differential interferometric synthetic aperture radar (DInSAR;
Short et al., 2016). DInSAR is a technique that uses repeat
satellite observations for detecting movement of the
Earth’s surface (Gabriel et al., 1989). In permafrost terrain,
DInSAR may measure relative surface displacement associated with seasonal heave or settlement of the active layer,
or associated with degradation or aggradation of ice-rich
ground (Short et al., 2014). Other processes can also affect
the measured displacement, such as heterogeneous surface
movements and soil moisture changes (Zwieback et al.,
2016).

Results
Preliminary results for sites RI01, RI02, RI03 and RI05 will
be discussed herein, primarily in terms of temperature records and geophysical data. Ground temperatures acquired
from June to September 2017 at sites RI01 and RI02 are
summarized in Figure 6 in terms of the average temperature
profiles. Maximum thaw depths for the recording interval
are calculated as 1.52 and 1.32 m depth for sites RI01 and
RI02, respectively, using the maximum temperature envelopes and extrapolation from above (Riseborough, 2008).
Thaw depth will likely increase before the onset of lower
air temperatures, and the reported summer thaw depths will
be less than the active layer thickness. Given the limited re-

Figure 6: Average, minimum and maximum ground temperature with depth from June 17 to September 6, 2017 for
sites a) RI01 and b) RI02, Rankin Inlet area.
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Figure 7: Average, minimum and maximum ground
temperature with depth from June 23 to September 6,
2017 for site RI03b, Rankin Inlet area.

cording period, there are not enough data to compute the
mean annual ground temperature (MAGT). Furthermore,
the minimum temperature excursions in the datasets are
>0.1°C such that the depth of zero annual amplitude
(DZAA) cannot be directly observed. For comparison purposes, representative average summer ground temperatures were extracted at the depths for which temperature excursions fall below 0.5°C. In this fashion, representative
ground temperatures are -5.6°C at 12 m depth for RI01
and -6.6°C at 7 m depth for RI02.
For site RI03, contemporary data are not available for the
polygon centre (RI03a) and trough (RI03b) due to instrument difficulties. Preliminary average ground temperatures
over the summer of 2017 are presented only for RI03b (Figure 7). Maximum thaw depth is between 1.0 and 1.5 m
depth at which point wedge ice creates a zero curtain effect
keeping the maximum temperature at 0°C. The borehole is
not deep enough to estimate stable ground temperature for
RI03. The average summer ground temperature is -3.4°C at
2.5 m depth.
Preliminary ground temperatures over the summer of 2017
for site RI05 are summarized in Figure 8 in terms of average
temperature profiles in both the upland (RI05a) and lowland (RI05b) areas. Neither installation extends into permafrost, but the lowland area exhibits more moderated summer surface temperatures, higher ground temperatures and
a deeper thaw depth. Water level sensors indicate that
RI05b became saturated at the end of July and developed
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Figure 8: Average, minimum and maximum ground
temperature with depth from June 23 to September 6,
2017 for sites RI05a and RI05b, Rankin Inlet area.

standing water approximately 10 cm deep that persisted
through the monitoring period, whereas RI05a remained
dry at the surface.
Conductivity maps generated from EM31 surveys at sites
RI03 and RI05 are shown in Figures 9 and 10, respectively,
along with surficial geology and relative seasonal ground
surface displacement derived from DInSAR data (Short et
al., 2016). For site RI03, the raised beach deposits (Mr)
have moderate conductivity with negligible displacement,
the till and marine sediments (T.M) have low conductivity
with high displacement, and the till blanket (Tb) has the
lowest conductivity with low–moderate displacement (Figure 9). For site RI04, there is a distinct relationship between
surficial geology, conductivity and displacement, with an
apparent correlation between low conductivity and high
displacement, excluding the till blanket.
In contrast, for site RI05, several of the surficial geological
units exhibit both high and low conductivity, and high and
low displacement (Figure 10). The till veneer (Tv) has the
lowest conductivity with low–high displacement, the till
and marine sediments (T.M(w)) have low–moderate conductivity with low displacement, the till blanket (Tb) has
low–moderate conductivity with low–high displacement,
and the nearshore marine sediments (Mn) have low–high
conductivity with low–high displacement. For site RI05,
there is an apparent correlation between high conductivity
and high displacement, excluding the till veneer. Distinct
ice wedges are not manifested in the apparent conductivity
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Figure 9: a) Apparent conductivity (EM31 vertical dipole) for site RI03, June 18, 2017, Rankin Inlet area. Background
is a Worldview satellite image ©DigitalGlobe, Inc. all rights reserved. b) Relative seasonal ground surface displacement for the summer of 2015 (Short et al., 2016; surficial geology from Geological Survey of Canada, 2017). Abbreviations from Cocking et al. (2015): A.M, alluvial and marine sediments – undifferentiated; Mr, marine sediments –
beach; Tb, glacial sediments – till blanket; T.M, glacial (till) and marine sediments – undifferentiated; Tr, glacial sediments – ridged moraine.
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Figure 10: a) Apparent conductivity (EM31 vertical dipole) for site RI05, June 25 and 28, 2017, Rankin Inlet area.
Background is a Worldview satellite image ©DigitalGlobe, Inc. all rights reserved. b) Relative seasonal ground surface displacement for the summer of 2015 (Short et al., 2016; surficial geology from Geological Survey of Canada,
2017). Abbreviations from Cocking et al. (2015): Mn, marine sediments – nearshore and littoral; Mr, marine sediments
– beach; Tb, glacial sediments – till blanket; T.M(w), glacial (till) and marine sediments – undifferentiated and reworked by marine waves and current action; Tv, glacial sediments – till veneer.
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maps for either site, presumably due to the comparatively
large volume of the subsurface that contributes to the EM31
measurement.

Discussion
Using preliminary ground temperatures from Rankin Inlet, average summer ground temperature is estimated to be
-5.6°C at 12 m depth for a site on developed land (RI01)
and -6.6°C at 7 m depth for a site on undeveloped land
(RI02) with summer thaw depths of 1.52 and 1.32 m, respectively. The undeveloped site exhibits shallower thaw
depth, lower temperatures and shallower depth of a given
degree of temporal variation. It is considered that snow
clearing, snow dumping and wind drifting are cumulative
factors in a developed land-use scenario, but more information is required to understand the difference in temperature
between RI01 and RI02 and to assess the relative contributions of geology, snow pack and surface disturbance resulting from land use.
To determine MAGT, DZAA and the thermal regime for
these sites at least an entire year of data is required. However, summer temperature at depth is typically in the midrange of annual temperature variation due to delayed penetration of the summer heat pulse. Furthermore, contemporary permafrost temperatures recorded at Agnico Eagle
Mines Limited’s advanced-stage Meliadine gold project
site suggest that for a given thermal profile, MAGT is
within the range of variation observed at 7–12 m depth
(Golder Associates, 2014a). Therefore, it is expected that
MAGT at sites RI01 and RI02 will be similar to the average
summer ground temperatures reported, although DZAA
will necessarily be greater. In contrast, summer temperature at ground surface is at the high-end of annual temperature variation, and thawing will continue until the onset of
lower air temperature, resulting in an active layer thickness
greater than the observed summer thaw depth.
In comparison to historical observations for Rankin Inlet,
the average summer ground temperature and summer thaw
depth are greater than reported permafrost temperature and
active layer thickness (Brown, 1978), but within the range
of other contemporary data in the region (Golder Associates, 2014a). Although this study’s Rankin Inlet observations are not at the same location as historical observations
and thus subject to variations in surface conditions, the results suggest a warming of the thermal state of permafrost
in Rankin Inlet, as observed by Ednie and Smith (2015) for
greater Nunavut.
The observed variability in ground temperature, apparent
conductivity and relative seasonal ground surface displacement may be related to surficial geology, or some combination of surficial geology, permafrost processes and surface
conditions, including hydrology and snow cover. In a
raised beach and lowland till environment, wedge ice was
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encountered in the raised beach that was associated with
low- to intermediate-centred polygons, suggestive of a stable ice wedge network (e.g., MacKay, 2000). The beach
sediments exhibit moderate conductivity interpreted to result from a thick active layer and low overall ice content,
which is consistent with the observation of negligible surface displacement. High surface displacement is confined
to hummocky glacial till and nearshore marine sediments
that exhibit low conductivity, interpreted to result from a
thinner active layer and higher ice content, which are consistent with displacement attributed to active layer thaw
and/or thawing of an ice-rich top of permafrost (e.g., Shur
et al., 2005). The till blanket exhibits low conductivity but
low–moderate displacement, the combination of which is
interpreted to result from the presence of near-surface
bedrock.
In comparison to the low- to intermediate-centred polygons
in beach deposits, a high-centred polygon network with upland and lowland areas was observed in a valley setting
with nearshore marine deposits. Average summer ground
temperatures are higher for the lowlands, which develop
standing water in late summer that is conducive to warming
of permafrost (e.g., Jorgenson et al., 2010). In this setting,
relative seasonal ground surface displacement patterns and
apparent conductivity appear correlated, but exhibit variability within surficial geological units. High displacement
is observed in lowland and upland areas, along with polygon centres and troughs, and surrounding till-blanketed
hills. Given the colocation of high conductivity regions
with high displacement regions, it is hypothesized that displacement at this site may be related to elevated permafrost
salinity, which may vary within a particular surficial geology unit (e.g., Oldenborger and LeBlanc, 2015). An exception is the till veneer that exhibits low conductivity, consistent with presence of near-surface bedrock, but at the same
time exhibits high displacement. In the case of thin till veneer, salinity may still be a factor in the observed displacement, but the till veneer may be too thin to contribute significantly to the EM31 measurement, which will be more
representative of the underlying resistive bedrock. Future
work will involve a more in-depth analysis of crosscorrelation between geology, topography, conductivity and relative seasonal ground surface displacement.

Economic considerations
The western coast of Hudson Bay is a region where landbased infrastructure projects could significantly impact the
local economy and community welfare (e.g., Varga, 2014;
Rogers, 2015). Permafrost and ground ice are important
features of this landscape and can significantly affect
ground stability and infrastructure. New ground temperature data and permafrost information for Rankin Inlet may
be used in land-use planning to mitigate risk associated
with maintaining the stability of infrastructure in thaw-sen-
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sitive substrate. These data will also fill a gap in coverage
from a national permafrost perspective, and will support
efforts to enhance resilience of Canadians to climate
change.

Conclusions
Permafrost monitoring sites were chosen to represent a variety of conditions including developed and undeveloped
land, and different geological settings typical of the Rankin
Inlet area. At least one full year of temperature data is required to characterize the thermal regime. Preliminary results are in agreement with other contemporary data for the
region and are suggestive of warming permafrost. Permafrost conditions can be complex, but observations indicate
site-specific correlation between surficial geology, apparent conductivity and relative seasonal ground surface displacement. Raised beach sediments, which are prevalent
across the region, are generally stable and exhibit low relative seasonal ground surface displacement. However, these
beach deposits, which are often the terrain of choice for
overland routes, may host significant wedge ice, the presence of which would locally affect infrastructure in the
event of degradation. In contrast to the raised beaches,
nearshore marine deposits host ice-wedge polygon networks that impound water and exhibit complex patterns of
high seasonal ground surface displacement. Multiyear observations will help establish trends in ground temperature,
and variability due to geology, landscape and land use.
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Abstract
Carving stone is an economically and culturally valuable commodity to northern communities. Quarries in Nunavut are few,
and the need to find new deposits and expand known sites has increased alongside the demand for carving stone. To better
understand the formational processes and identify new localities of carving stone in Nunavut, work was carried out on the
petrology, mineralogy and geochemistry of samples obtained from two sites in the Qikiqtaaluk Region of Nunavut.
Carving stone from the main community quarry of Qullisajaniavvik is a dolomitic talc carbonate with the mineral assemblage dolomite+calcite+talc+chlorite±quartz. Formation of artisanal stone likely occurred through contact metamorphism
of Costello Formation carbonates by the Haig intrusions, with two distinct varieties identified based on the degree of alteration. There are three varieties of serpentinite used as carving stone from Kangiqsukutaak (Korok Inlet); they comprise serpentine+magnetite±brucite±hydrotalcite±calcite. The serpentinites formed from hydrothermal alteration of either the Lake
Harbour Group marble or calcsilicate. Despite their formational and compositional differences, carving stone deposits in
the Belcher Islands and Korok Inlet both contain excellent-quality carving stone, according to Inuit carvers, and yet are the
products of unique geological histories.

Résumé
La pierre à sculpter est une ressource de grande valeur commerciale et culturelle pour les communautés du Nord. Les
carrières au Nunavut sont rares, et compte tenu de la demande croissante pour la pierre à sculpter, il est nécessaire de trouver
de nouveaux gisements et de mettre en valeur les carrières existantes. Afin de mieux comprendre les processus de formation
et d’identifier de nouvelles localités de pierre à sculpter au Nunavut, des analyses pétrochimiques, minéralogiques et
géochimiques ont été réalisées sur des échantillons provenant de deux carrières de la région de Qikiqtaaluuk au Nunavut.
La pierre à sculpter provenant de la carrière principale de Qullisajaniavvik se compose de talc ou de carbonate dolomitique
dont l’assemblage de minéraux consiste en dolomie+calcite+talc+chlorite±quartz. La pierre à sculpter artisanale est
probablement le produit d’un épisode de métamorphisme de contact impliquant les roches carbonatées de la Formation de
Costello et l’intrusion de Haig, épisode à partir duquel il est possible de distinguer deux variétés de pierre qui diffèrent l’une
de l’autre en fonction de leur degré d’altération. La pierre à sculpter de la carrière de Kangiqsukutaak (Korok Inlet) provient
de trois variétés de serpentinite composées de serpentine+magnétite±brucite±hydrotalcite±calcite. La serpentinite est le
produit de l’altération hydrothermale des silicates calciques ou du marbre de Lake Harbour. Les sculpteurs inuits
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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considèrent que les gisements de pierre à sculpter de Korok Inlet et des îles Belcher renferment de la pierre à sculpter
d’excellente qualité, bien qu’ils soient le produit d’événements géologiques entièrement différents, et ce malgré les
différences notées au niveau de leur formation et de leur composition.

Introduction
Carving stone—such as serpentinite, marble and soapstone—holds intrinsic value in Nunavut’s Inuit society.
Traditional carvings are valuable both economically (1 kg
of raw stone can range from $10 to 100, whereas carvings
of that size can sell for up to several thousands of dollars
online, e.g., Walker’s Auctions [2017]) and as a means of
passing traditional knowledge down through generations
(Beauregard et al., 2013; Rathwell and Armitage, 2016).
Traditional Inuit carvings are also continually sought after
by museums and collectors (Beauregard et al., 2013; Beauregard and Ell, 2015). Quarries in Nunavut are few, and the
need to find new deposits and expand known sites has increased alongside the rising demand for excellent-quality
carving stone. Timely investigation into the petrogenesis of
these traditional carving stone deposits furthers the understanding of the geological factors that define good- to excellent-quality carving stone, and aids in the search for new
resources. To this end, the aim of this study is to better understand these properties and processes by providing a
comparative study of the carving stone from two of the
quarries in Nunavut (Figure 1a) that have supplied a substantial amount of excellent-quality carving stone to their
regions for several decades: Qullisajaniavvik (near Sanikiluaq on the Belcher Islands; Figure 1b) and Kangiqsukutaaq (Korok Inlet, near Cape Dorset; Figure 1c). Both
quarries are located under the jurisdiction of the Qikiqtani
Inuit Association (QIA) and are highly regarded in the
industry for the consistency, competency, ability to hold
fine detail, and smooth polish of the finished product.
Kangiqsukutaak (Figure 1c) has been a primary source of
serpentinite carving stone within the southern Baffin Island
region since the 1960s. The quarry consists of two pits:
lower and upper. The lower pit is the main source of carving
stone; serpentinite from the upper quarry is of lower quality. The lower pit has been partially infilled with wasterock
and debris, which has exacerbated an unsafe working environment. A recent magnetic survey of the area (Steenkamp
et al., 2014) indicates that the potential for more carving
stone exists in the subsurface between lower and upper
quarries. The quarry sites in the Belcher Islands yield carving stone that is mainly black to light-green talc carbonate.
Qullisajaniavvik, the community quarry, holds an estimated reserve of 15 700–18 540 t of accessible stone
(Elgin, 2017).
The QIA launched an evaluation program during summer
2016 to assess the quality, safety and development of existing quarries in the Qikiqtaaluk Region, including Kangiq-
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sukutaak and Qullisajaniavvik (Camacho et al., 2015;
Steenkamp et al., 2016). Following up on those initial surveys, this paper details the mineralogy and geochemistry of
rock types at the Belcher Islands and Korok Inlet sites, and
compares the interpreted protoliths and metamorphic processes that created the respective carving stone deposits.

Geological background
Belcher Islands
The Belcher Islands are a series of low-relief islands in the
southernmost reaches of Hudson Bay, and are underlain by
metasedimentary rocks of the middle Paleoproterozoic
(1.96–1.87 Ga) Belcher Group (Jackson, 2013). The Belcher Group is part of the Reindeer Zone in the upper-plate
Churchill Province north of the Trans-Hudson Orogen’s
collisional front (Hoffman, 1988; St-Onge et al., 2006;
Corrigan et al., 2009). The Belcher Group comprises two
flood basalt units and accompanying sills and dykes that interrupt marine transgressive, primarily carbonate sedimentation. Qullisajaniavvik is situated along the basal contact
of a sill belonging to the Haig intrusions (informally called
the ‘Haig sill’ throughout this paper) where it intrudes the
Costello Formation, which is part of the transgressive carbonate platform phase of a continental shelf-slope deposit
contained within the Belcher Group (Jackson, 2013). The
basal unit of the Costello Formation comprises black and
grey shale to calcareous shale containing biostromal
dolostone, whereas the rest of the formation is rhythmically
bedded, varicoloured dololutite, calcarenite, calcilutite and
shale (Jackson, 2013). The depositional environment is interpreted to be deep water, with the strata being formed by
west-flowing currents on the platform foreslope (Ricketts,
1979; Ricketts and Donaldson, 1981). The Haig intrusions
are interpreted to be coeval with the later of the two flood
basalt units, the Flaherty Formation (Jackson, 2013). The
Belcher Group was deformed into a unique series of northtrending isoclinal folds with kilometre-scale wavelengths
during the terminal collisional stage of the Trans-Hudson
Orogen at ca. 1.85–1.83 Ga (Ricketts and Donaldson, 1981;
Corrigan et al., 2009).

Korok Inlet
Southwestern Baffin Island is part of the Meta Incognita
microcontinent, which accreted with the Rae craton along
the Baffin suture between 1883 and 1865 Ma (St-Onge et
al., 2006). Kangiqsukutaak is located to the southeast of
Baffin Island’s Foxe Peninsula, which comprises three
supracrustal assemblages intruded by a suite of primarily
monzogranitic batholiths (Sanborn-Barrie et al., 2008).

Canada-Nunavut Geoscience Office

Figure 1: a) Regional map of Nunavut. Both Kangiqsukutaak and Qullisajaniavvik are located in the Qikiqtaaluk region, indicated in green
(modified from Beauregard and Ell, 2015); b) geological map of the Belcher Islands; carving stone is quarried from the light green area (after Steenkamp et al., 2016); c) Map of Kangiqsukutaak; carving stone samples were obtained from site b (after Steenkamp et al., 2014).
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The main supracrustal assemblage in the Korok Inlet region
is the Lake Harbour Group clastic-carbonate succession,
which comprises metasedimentary rocks including interlayered garnetiferous psammite, semipelite and pelite,
overlain by layers of marble and calcsilicate (Scott, 1997;
Scott et al., 1997). The Lake Harbour Group has been interpreted as a shelf succession developed on cratonic crust that
rifted away from the Superior craton (Scott et al., 2002).
There are two main phases of Paleoproterozoic plutonism
in the Korok Inlet region: buff- to light rusty-weathering
charnockite and relatively younger, pink-weathering, foliated to gneissic biotite-magnetite monzogranite (SanbornBarrie et al., 2008). Carving stone from Kangiqsukutaak is
mainly obtained from a 7–10 m wide layer of excellentquality serpentinite confined to the upper contact of the
Lake Harbour Group marble and an offshoot dyke of the
Cumberland Batholith monzogranitic leucogranite (Steenkamp et al., 2014).

Site descriptions and petrology
Belcher Islands
Qullisajaniavvik quarry (lat. 56°10’37"N, long.
78°53’42"W; Figure 1b) is located 45 km east of Sanikiluaq
on the western shore of Tukarak Island, in the easternmost
part of the Belcher Islands.

Units of interest at Qullisajaniavvik include the Haig sill
and the Costello Formation carbonate, specifically the contact aureole in the carbonate adjacent to the sill. The Haig
sill is dolerite that has experienced a greenschist-facies
metamorphic overprint. The porphyritic texture observed
in hand sample is a product of primary, twinned
clinopyroxene megacrysts (1–5 mm) with relict subophitic
texture formed by small (<0.1 mm), subhedral feldspar
laths. Qualitative energy dispersive X-ray spectrometry
(EDX) indicates that clinopyroxene is augite and feldspar
laths are primarily albite with minor K-feldspar. The
dolerite is moderately chloritized and some of the
clinopyroxene is almost completely uralitized (hydrated
and converted to actinolite). Ilmenite and pyrite are found
as anhedral crystals and angular clusters at the rims of
clinopyroxene megacrysts and throughout the groundmass.
The carving stone closest to the Haig sill is green and
ranges in hardness from too soft to carve with power tools
(Mohs hardness of <2) where it is directly in contact with
the Haig sill, to a stone that holds a fine detailed polish
(Mohs hardness of ~2.5) approximately 1 m from the contact (J. Iqaluq, pers. comm., 2016). This carving stone is a
dolomitic talc carbonate comprising a groundmass of calcite and dolomite supporting clusters and laths of
clinochlore and talc (Figure 2a), with a ratio of 40:60 cal-

Figure 2: a) Hand sample slab (left) and backscattered electron (right) images of the green carving stone and b) hand sample slab (left) and backscattered electron (right) images of the black
carving stone from Qullisajaniavvik, Belcher Islands; note the fine talc laths in the black carving
stone. Abbreviations: Cal, calcite; Chl, chlorite; Dol, dolomite; Qz, quartz; Tlc, talc.
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cite to dolomite content. Clinochlore and talc laths are 10–
50 μm long and there are mottled areas of clustered laths.
Clinochlore and talc are preferentially associated with dolomite. Ilmenite content is up to 5% by volume.
Farther from the contact with the Haig sill there is a black,
weakly foliated, dolomitic talc carbonate carving stone
(Figure 2b). This stone comprises anhedral laths and clusters of clinochlore and talc in a groundmass of calcite, dolomite and rare quartz. Carbonate grains have a ratio of 60:40
calcite to dolomite and are very fine grained (20–80 μm),
whereas the quartz grains are angular and larger (up to
0.1 mm). Talc and clinochlore make up approximately 40%
of the rock. Where present in the groundmass, the talc and
clinochlore grains are smaller than the carbonate grains,
whereas the laths average approximately 30 μm in length
and are no more than 5 μm wide. Subhedral talc laths cluster around calcite and dolomite grains, and mottled talc and
chlorite partially to completely replace dolomite. The black
stone variety is harder than the green stone (J. Iqaluq, pers.
comm., 2016), and this is likely due to the small amount
(10%) of quartz disseminated through the rock. An additional factor in increasing Mohs hardness could be a greater
amount of metallic minerals in the black stone compared to
the green variety.

Korok Inlet
Kangiqsukutaak is located 160 km east of Cape Dorset and
240 km northwest of Kimmirut (lat. 64°23’44"N, long.
73°19’24"W; Figure 1c). The site has been active since the
1960s and is one of the preferred carving stone resources by
the people of southern Baffin Island. The main stone exported from Kangiqsukutaak is from a 7–10 m wide layer of
excellent-quality serpentinite (Mohs hardness of 2.0–2.5)
confined to the upper contact of the Lake Harbour Group
marble with a monzogranitic leucogranite dyke of the
Cumberland Batholith. The main units of interest at
Kangiqsukutaak are the Lake Harbour Group marble and
calcsilicate, and three varieties of serpentinite carving
stone.
The Lake Harbour Group marble contains, in decreasing
abundance, calcite+dolomite±phlogopite±olivine±serpentine with rare magnetite, pyrite, spinel, apatite and brucite.
Interlocking grains of calcite (0.5–5.0 mm) are rhombohedral and contain vermicular to rounded dolomite inclusions. Calcite is the main carbonate phase in all samples
(up to 85% calcite by volume). Phlogopite is particularly
prominent (20% by volume) in marble from the lower
quarry and occurs as tabular grains 0.5–5.0 mm long. Olivine grains are 0.1–1.0 mm across, highly fractured and partially to completely replaced by serpentine. Brucite is present as an alteration mineral at the rim of fully serpentinized
olivine crystals.
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The Lake Harbour Group calcsilicate contains diopside+pargasite+chlorite±calcite±pyrite±spinel±augite. Diopside is
55% of the rock by volume and pargasite makes up 40%.
Diopside grains are largely anhedral, equant and 0.3–
1.0 mm in diameter, and form a granoblastic texture with
tabular pargasite grains. Chlorite is rare and anhedral, and
calcite is present as very fine grained veinlets or small,
rounded inclusions within larger diopside crystals. Ovoid
spinel is associated with chlorite, and rare magnetite grains
are equant, subhedral to anhedral, and disseminated
throughout the groundmass.
Three types of serpentinite were initially identified in the
field at Kangiqsukutaak based on quality, location and
composition (Steenkamp et al., 2014). All three contain a
combination of serpentine+magnetite±brucite±hydrotalcite±calcite±pyrrhotite±hematite (Figure 3a). X-ray diffraction analyses show that the serpentinite does not contain
harmful asbestiform varieties of serpentine. Type 1 dominates the centre of the serpentinite body. Type 2 is less
abundant than type 1 and is found in the outer 0.5–2 m of
the serpentinite body. Type 3 is the least abundant and is
found only as a 10–50 cm wide rim at the contact between
the serpentinite body and the Lake Harbour Group marble.
Serpentine in all types is subrounded, anhedral and has a
characteristic mesh texture.
Type 1 serpentinite comprises highly fractured elongate
lizardite pseudomorphed after dolomite (0.5–4.0 mm long)
with fine-grained acicular serpentine and brucite along the
margins and in the fractures. Pyrrhotite occurs as rare,
stringy, interstitial veinlets and magnetite grains are clustered and angular. Type 1 serpentinite is traditionally rated
as high-quality carving stone. There are light and dark varieties that correspond with abundant or limited calcite content, respectively (Figure 3b, c). The lighter stone is rated as
higher quality than the darker variety for carving.
Type 2 serpentinite has a polka-dot appearance in hand
sample and contains hydrotalcite and brucite interstitial to
fractured and serpentinized relict dolomite grains. Hydrotalcite and brucite crystals are oriented perpendicular to the
fractures and margins, indicating that they likely formed
synchronously with serpentinization. Magnetite is interstitial to serpentine as discontinuous veins up to 1 mm across.
Chlorite has anomalous blue-black birefringence colours
and forms equant, anhedral clusters or grains interstitial to
serpentine. Type 2 serpentinite is lower quality than type 1
as a carving stone.
Type 3 serpentinite is characterized by a banded or layered
texture with interspersed fine-grained serpentine pseudomorphs after medium-grained euhedral olivine, and 0.5–
1.5 cm thick phlogopite books in 2–5 cm thick discontinuous lenses. This serpentinite contains 85% by volume,
equant, fractured, serpentine after dolomite. Brucite forms
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platy clusters that curve around the margins of serpentine
and relict dolomite. Magnetite is also interstitial to serpentine and forms anhedral blobs and clusters with rare hematite. Type 3 serpentinite is the lowest quality carving stone
found in the lower quarry pit.

Geochemical analyses
Electron probe micro-analyses (EPMA) for Kangiqsukutaak
and Qullisajaniavvik carving stone samples were conducted at the University of Manitoba’s Department of Geological Sciences Microbeam Laboratory (Winnipeg, Manitoba) in 2014 and 2017, respectively. The instrument used
was a CAMECA SX 100 electron microprobe equipped
with five wavelength-dispersive X-ray spectroscopy
(WDS) detectors and one EDS detector. The 2014 analyses
were completed with the beam voltage at 15 keV, current at
20 nA and at a spot size of 10 μm. The 2017 analyses were
completed with the same voltage and current, but a spot size
of 5 μm to accommodate smaller grain sizes. Whole-rock
geochemistry was completed separately for the Kangiq-

suktaak and Qullisajaniavvik samples by Activation Laboratories Ltd. (Ancaster, Ontario). Lithium metaborate/
tetraborate fusion and inductively coupled plasma–emission spectrometry (FUS-ICP-ES) was used to determine
major-element concentrations, and FUS-ICP-mass spectrometry (FUS-ICP-MS) was used to determine trace-element concentrations.

Belcher Islands
Geochemistry of alteration minerals
The primary constituents of the dark, dolomitic talc carbonate carving stone from Qullisajaniavvik are talc and
chlorite. Talc occurs in mottled areas that comprise clustered anhedral laths and has <2% CaO and <2% FeO;
chlorite contains less than 3% FeO.
The laths and mottled areas of the green, dolomitic talc carbonate carving stone found at Qullisajaniavvik are also
composed of talc and chlorite. Talc contains more CaO (2–
4%) here than in the black variety, but there is no significant
difference in the final structural formulas. Chlorite is iden-

Figure 3: a) Hand-sample slabs of the varieties of carving stone from Kangiqsukutaak, Baffin Island; type 1 (dark and light; centre) is the
highest quality, type 2 (right) is of moderate quality and type 3 (left) is the lowest quality. Each sample slab is 2 cm wide; b) photomicrograph
(taken in cross-polarized light) of the dark type 1 carving stone with secondary brucite (Brc) and serpentine (Srp); and c) photomicrograph
of light type 1 carving stone showing calcite (Cal) interstitial to the serpentine kernels.
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tified as clinochlore and is compositionally similar to the
chlorite in the black stone but contains >2 wt.% FeO.

pentinite and is characterized by high values of Cl (1.5–
3.5 wt.%) and <5 wt.% SiO2.

Whole-rock geochemistry

Whole-rock geochemistry

Whole-rock geochemistry was obtained for both carving
stone types from Qullisajaniavvik. Both varieties of carving stone have similar MgO content (13–15 wt.%), but the
black carving stone is depleted in CaO (24 wt.%) relative to
the green carving stone (32 wt.%). The green carving stone
has relatively less SiO2 (22 wt.%) than the black (28 wt.%)
and both samples contain notable amounts of Al2O3 (2–
5 wt.%).

Whole-rock geochemistry was obtained for seven of the
Kangiqsukutaak samples: two marble, three serpentinite
(types 1 and 2) and two calcsilicate rocks. The serpentinite
samples have high Mg content (35–40% MgO) relative to
the Ca-rich marble (3–5% MgO), whereas the calcsilicate
contains intermediate values of both Mg and Ca (~17%
MgO and ~17% CaO). The light green type 1 serpentinite
contains >6% CaO, whereas the other serpentinite samples
contain <2%. All samples have Cr and Ni contents below
detection limit (<20 ppm), which is atypical for serpentinite
derived from ultramafic rocks.

Korok Inlet
Geochemistry of alteration minerals
Marble
Calcite from the Lake Harbour Group marble is uniform in
composition and has up to 9 wt.% MgO. Dolomite compositions are also similar between samples, although there is
local enrichment of FeO (1–2 wt.%). Mica grains from all
three marble samples are phlogopite, determined based on
AlIV/[Fe/Fe+Mg] with Fe/Fe+Mg values <0.1, as well as
relatively enriched F content (2–5 wt.%). Pyroxene in the
Lake Harbour Group marble is augite.
Calcsilicate
Clinopyroxene in the Lake Harbour Group calcsilicate is
dominantly diopside. Amphibole in the calcsilicate is
mostly pargasite, potassium pargasite or potassium pargasitic hornblende. Amphibole is relatively enriched in F
(1.24–1.42 wt.%) and K2O (1.2–2.0 wt.%). Chlorite is classified as pycnochlorite based on SiO2 content and Fe/Fe+
Mg (Hey, 1954).
Serpentinite
The chemical composition of serpentine in the carving
stone is variable both between types and samples, and
within individual grains. Based on EPMA of multiple
grains throughout the samples, the cores of serpentine
grains from type 2 and type 3 serpentinites have low Al2O3
content (<2 wt.%) compared to the margins (5–20 wt.%).
The dark variety of type 1 serpentinite has similar
compositional zoning but in fewer serpentine kernels, and
the zoning is nonexistent in the light variety. The rims of
some of the serpentine grains in types 2 and 3 have been
chloritized to Al-rich (15–20 wt.% Al2O3) clinochlore,
sheridanite and ripidolite. Nomenclature for chlorite mineral chemistry was determined based on SiO2 content and
Fe/Fe+Mg following the classifications developed by Hey
(1954). In types 2, 3 and the dark type 1 serpentinite,
brucite is also present as a product of alteration at the rims
of serpentine grains. A variety of hydrotalcite, intermediate
between hydrotalcite (Mg6Al2(OH)164H2O) and iowaite
(Mg6Fe23+(OH)16Cl24H2O), is present in light type 1 ser-
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Geological interpretations
Belcher Islands
The Belcher Islands carving stone deposits are interpreted
to have formed by contact metamorphism and minor
hydration associated with the intrusion of the Haig sill
(Steenkamp et al., 2016). The protolith for the Qullisajaniavvik dolomitic talc carbonate is the argillaceous
dolostone of the Costello Formation. Formation of talc as a
result of contact metamorphism is often associated with a
large hydrothermal component (i.e., Moine et al., 1989;
Brady et al., 1998); however, talc can also form when the
intruding body is mafic and relatively anhydrous (i.e., Shin
and Lee, 2002; Sengupta and Yadav, 2007). In the latter
scenario, an alternate fluid source must be present as talc
forms from dolomite through silicification, decarbonization and hydration (Wiik, 1953):
3CaMg(CO3)2 + 4SiO2 + H2O → Mg3Si4O10(OH)2 +
(1)
3CaCO3 + 3CO2
dolomite
calcite

talc

Water to drive this reaction could have been sourced from
the mud layers interbedded with the dolostone, or from
pore water contained in the dolostone unit. Interstitial
quartz from the original dolostone provides the SiO2 component required in the formation of talc from dolomite. Relict quartz grains remain only in the black carving stone
from the main quarry, which is farther away from the contact and where metamorphic reactions are likely to be less
complete. Quartz has been completely consumed in the
green stone, which is peripheral to the black stone, and
forms a rind along the contact with the Haig sill. The black
carving stone has more SiO 2 (~28 wt.%) and MgO
(~16 wt.%) but less CO2 (~21 wt.%) and CaO (~24 wt.%)
than the green carving stone (~22 wt.% SiO2, ~13 wt.%
MgO, ~25 wt.% CO2, ~32 wt.% CaO). This aligns with a
more complete version of equation 1. Nevertheless, these
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discrepancies could also be a product of two compositionally different beds within the Costello Formation.

Korok Inlet
The new geochemistry and petrology results from this
study allow for modification and better constraint on the
protolith of the serpentinite carving stone at Kangiqsukutaak
and its mechanisms of petrogenesis. The serpentinite carving stone at Kangiqsukutaak was originally interpreted to
have formed from a peridotite dyke protolith that had intruded along the contact between the monzogranitic leucogranite of the Cumberland Batholith and the Lake Harbour
Group marble (Steenkamp et al., 2014). The serpentinite
samples that correspond to this ‘dyke’ contain the mineral
assemblage diopside+Ca-amphibole+chlorite+calcite±spinel, which is identical to that of the Lake Harbour
Group calcsilicate layer, and lacks Ni and Cr, which is atypical of an ultramafic protolith. Consequently, the dyke is
now re-interpreted as a calcsilicate band that was present
within the Lake Harbour Group metasedimentary assemblage. Following this reinterpretation, further investigation
to confirm the protolith and petrogenesis of the serpentinite
carving stone at Kangiqsukutaak was conducted.
Given the nature and location of the serpentinite carving
stone relative to other rock units, two possible protoliths are
the Lake Harbour Group marble and calcsilicate, both of
which are dissected by late, brittle faulting that also cut the
adjacent monzogranitic leucogranite. This faulting likely
allowed infiltration and interaction of hydrothermal fluids
with the protolith of the serpentinite.
In a marble protolith, the formation of serpentine after dolomite as a product of metasomatism related to the intrusion
of a granitic dyke into a carbonate host involves prograde
metamorphism to form forsterite (after Ferry et al., 2011):
2CaMg(CO3 )2 + SiO2 ( aq) → MgSiO4 + 2CaCO3 + 2CO2 (2)
dolomite

forsterite

calcite

Forsterite is subsequently hydrated to form serpentine (after Johannes, 1968):
2MgSiO4 + 3H2O → Mg3Si2O5 (OH)4 + Mg(OH)2
forsterite

serpentine

In general, the serpentinite types have abundant MgO (35–
40 wt.%) and SiO2 (28–32 wt.%) compared to the types of
marble, and have relatively high Al2O3 (5–7 wt.%) and total
Fe (6–8.5 wt.%) contents. Kangiqsukutaak varieties of serpentinite have similar geochemistry and mineralogy to serpentinite from the nearby Aberdeen Bay Ujararniarvik4
(also known as Tatsiituk) deposit, which is determined to
have been formed from the Lake Harbour Group marble
(Beauregard et al., 2013; Camacho et al., 2015). The Ujararniarvik serpentinite lacks Cr and Ni, and contains serpentine that has increasing Al content toward the rims (Camacho et al., 2015), similar to the Kangiqsukutaak serpentinite
types 1 and 2. The Ujararniarvik serpentinite, however, has
significantly higher MgO content (~40 wt.%; Camacho et
al., 2015) than the Lake Harbour Group marble (5–
20 wt.%). One possible way to explain this difference is
through volume change and element mobility during hydrothermal alteration of the Lake Harbour Group marble,
particularly with loss of Ca and C, and enrichment of SiO2
and Mg. An alternative explanation could be that the samples collected from the Lake Harbour Group marble are
more calcite-rich than the marble protolith for the
Ujararniarvik serpentinite. These compositional variations
could reflect natural primary depositional changes between
the two sites, or be related to the relative proximity of the
serpentinite protolith with the intrusive monzogranitic
leucogranite, in the case of Kangiqsukutaak.
The samples of Lake Harbour Group marble from Kangiqsukutaak contain anhedral, rounded dolomite within larger,
rhombohedral calcite. This dolomite may be interpreted as
secondary, having replaced the original calcite. A reaction
of calcite to dolomite could have operated in the carbonates
closest to the granitic dykes and created a dolomite-rich
margin to the marble. This dolomite-rich area would then
have acted as the protolith to the serpentinites formed by
subsequent hydrothermal alteration via the reaction:

(3)

4CaMg(CO3 )2 + 2SiO2 + 3H2O → Mg3Si2O5 (OH)4 +
Mg(OH)2 + 4CO2
(4)

brucite

The Lake Harbour Group marble has a mineral assemblage
of calcite+dolomite±phlogopite±olivine±serpentine. It is
rich in CaO (45–52 wt.%) and has high loss-on-ignition
(LOI) values indicating an abundant volatile, primarily CO2,
content (~40 wt.%) but relatively low MgO (3–6 wt.%) content. In contrast, Kangiqsukutaak serpentinites are low in
CaO and CO2 (<1–6 wt.%) contents, with light type 1 serpentinite having the highest of both. This difference is
likely attributed to a greater abundance of calcite in the
light type 1 serpentinite compared to the other samples.
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Light type 1 serpentinite is present farther from the main
brittle fault and closer to the Lake Harbour Group marble
than the other serpentinite varieties, which suggests that the
calcite is primary rather than the result of an incomplete reaction (as shown in the mineral reactions above).

dolomite

serpentine

brucite

This form of alteration would explain the presence of residual calcite and dolomite in some of the serpentinite samples, as well as brucite in others. In addition, the interaction
of Al- and Fe-rich fluids with the marble hostrock would
4

This quarry was referred to as Tatsituya in previous editions of the
Canada-Nunavut Geoscience Office Summary of Activities.
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explain the presence of hydrotalcite (MgAlCO3(OH)16
4H2O), iowaite (MgFeCO3(OH)16Cl24H2O) or solid solutions between them.
The second possible protolith to the serpentinite carving
stone at Kangiqsukutaak is the newly reinterpreted Lake
Harbour Group calcsilicate unit, which forms an intermediate rind between the marble and the monzogranitic leucogranite on the west side of the study area mapped by
Steenkamp et al. (2014). A calcsilicate protolith to the Kangiqsukutaak serpentinite varieties would require two
phases of alteration: an initial contact metamorphic stage of
the marble to form a calcsilicate containing Ca-rich amphibole and diopside, and a second phase involving hydration
to alter the minerals formed during contact metamorphism
to serpentine and brucite. A calcsilicate protolith would
not, however, likely explain the relatively abundant carbonate proportions in some of the serpentinite samples, and
does not offer an explanation for the formation of the
hydrotalcite group, which also requires abundant carbon.
To provide an empirical evaluation of the two petrogenetic
possibilities, mass balance calculations were performed for
the transformations of marble to serpentinite and calcsilicate to serpentinite. Because these rock types have low immobile element content, these results are considered a first
approximation of volume loss during transformation.
Gains in Mg, Si and H and substantial losses of Ca and C are
required when transforming marble to serpentinite, while
gains in H and losses of Ca and Si are required for the transformation of calcsilicate to serpentinite. Transforming
calcsilicate to serpentinite requires less volume change
than transforming marble to serpentinite. Given the results
of the mass balance evaluation, as well as the petrological,
mineralogical and whole-rock geochemical evidence, it remains a challenge to constrict the protolith of the Kangiqsukutaak carving stone to either the Lake Harbour Group
marble or calcsilicate. It is possible that the protolith could
involve components from both rock types because they are
physically adjacent and the primary carving stone deposit is
situated along their contact; regional metamorphism associated with the Trans-Hudson Orogen could have provoked
an initial mixing of their respective geochemical signatures.

Economic considerations
Understanding the petrogenesis of these two very different,
but equally valuable, carving stone deposit types is important for future exploration for new carving stone resources.
Surveys for economic carving stone deposits in the Korok
Inlet area should focus on calcsilicate and marble units that
are cut by late, brittle faults, whereas targets in the Belcher
Islands should include areas where gabbroic or dolerite
dykes intrude carbonate rocks that contain quartz impurities.
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Conclusions
The Kangiqsukutaak and Qullisajaniavvik carving stone
types have very different mineral assemblages and were
formed in different metamorphic environments. The contact metamorphism associated with the Haig sill at
Qullisajaniavvik is confined to an aureole in the Costello
Formation at the margin of the sill, and decreases in level of
alteration outward from the contact margin. Argillaceous
dolostone, as carving stone formed by contact metamorphism of dolostone with an anhydrous mafic sill, is dominated by talc with dolomite, calcite and chlorite.
Potential protoliths for the carving stone at Kangiqsukutaak
include the Lake Harbour Group marble, the newly reinterpreted calcsilicate or a geochemically mixed zone at the
contact between the marble and calcsilicate. This protolith
was cut by a granitic dyke, and subsequently underwent hydrothermal alteration by siliceous fluids, which created a
carving stone that is dominated by serpentine with minor
brucite, hydrotalcite, calcite and dolomite.
Although both quarries produce desirable stone in large
quantities, regional faulting in the Kangiqsukutaak area
was instrumental in localizing fluids through the carbonate
and calcsilicate units. Despite the differences of their formation, Inuit carvers rate both Kangiqsukutaak and Qullisajaniavvik carving stone as excellent quality. Constraining
and understanding the geological and petrogenetic histories of carving stone deposits will provide valuable insight
for future carving stone deposit exploration.
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Abstract
Geological mapping was conducted by the Canada-Nunavut Geoscience Office and Qikiqtani Inuit Association at the undeveloped Koonark deposit on northern Baffin Island to better constrain the volume and characteristics of potential carving
stone resources in the Qikiqtaaluk Region. The mapped area is dominated by greenschist-facies metasedimentary, metavolcanic and ultramafic metaplutonic rocks of the Archean Mary River Group that are adjacent to the Central Borden Fault,
which juxtaposes them with Paleozoic carbonate rocks. Four areas were recognized to have considerable volumes of potential carving stone: the ‘Koonark mountain’, ‘Valley Side’, ‘Upper Koonark’and ‘Scree Slope’sites. The stone from each site
has a unique texture, mineral assemblage and/or proportions, and polished finish. In total, an estimated 80 240 tonnes of surface-accessible carving stone is present at these four sites, while more subsurface resources are probable.
Based on the mapping and regional geological history, a preliminary interpretation of the carving stone petrogenesis involves a
(generally) lherzolite protolith that may have undergone hydrothermal alteration as early as the Mesoproterozoic during the
development of the Central Borden Fault. Possible further alteration via carbonation reactions may have taken place during
and/or after the deposition of Paleozoic carbonate sediments.
Potential development of a quarry at the Koonark deposit has a major advantage over other carving stone sites due to the existing road and port infrastructure of the nearby Mary River mine; however, there are also challenges with topography and
seasonal accessibility at the site. Future exploration for similar carving stone deposits in this area should focus on where
ultramafic rocks, brittle faults and Paleozoic carbonates are closely associated.

Résumé
Des travaux de cartographie géologique réalisés par le Bureau géoscientifique Canada-Nunavut et la Qikiqtani Inuit Association à l’endroit du gisement non exploité de Koonark dans la partie septentrionale de l’île de Baffin avaient pour objet de
mieux cerner le volume et les caractéristiques des ressources possibles de pierre à sculpter dans la région de Qikiqtaaluk. La
région cartographiée se compose surtout de roches métaplutoniques ultramafiques, métavolcaniques et métasédimentaires
du faciès des schistes verts associées au Groupe archéen de Mary River qui côtoie la faille de Central Borden, laquelle les
juxtapose à des roches carbonatées paléozoïques. Quatre zones ont été reconnues comme pouvant receler des quantités
considérables de pierre pouvant se prêter à la sculpture : les sites de « Koonark Mountain », de « Valley Side », d’« Upper
Koonark » et de « Scree Slope ». Les pierres provenant de chacun de ces sites présentent des caractéristiques uniques, qu’il
s’agisse de leur texture, de leur assemblage de minéraux ou de la proportion de ces derniers, ou de leur fini poli. En tout, les
estimations placent à 80 240 tonnes la quantité de pierre à sculpter accessible en surface à ces quatre sites, bien que la
présence d’autres ressources en subsurface soit également probable.
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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En se fondant sur les travaux de cartographie et l’évolution géologique régionale, une interprétation préliminaire de la
pétrogenèse de la roche à sculpter a été élaborée aux termes de laquelle un protolite, le plus souvent de la lherzolite, aurait
subi une altération hydrothermale dès le Mésoprotérozoïque, au cours de la formation de la faille de Central Borden. Des
épisodes d’altération ultérieurs attribuables à des réactions de carbonatation auraient pu également se produire soit pendant,
soit après la mise en place des sédiments paléozoïques, ou les deux.
La mise sur pied possible d’une exploitation au site du gisement de Koonark présente un avantage considérable sur celle à
d’autres sites recelant de la pierre à sculpter en raison de l’accès à une route et à des infrastructures portuaires à la mine
voisine de Mary River; cependant, la topographie et les difficultés liées à l’accessibilité saisonnière du site posent également des défis. Ainsi, toute exploration future dans la région en vue de déceler la présence de gisements semblables de pierre à sculpter devrait se porter sur les endroits où des roches ultramafiques, des failles cassantes et des roches carbonatées
du Paléozoïques sont étroitement associées.

Introduction
The identification, assessment and resource evaluation of
high-quality carving stone deposits in Nunavut remain
high-priority tasks for the Canada-Nunavut Geoscience
Office (CNGO) and the Qikiqtani Inuit Association (QIA).
Carving stone is an important commodity to artisan carvers
in the territory, who use it to make sculptures, jewellery and
traditional tools, such as qulliit (oil lamps). The Nunavut
Land Claims Agreement (Government of Canada, 1993,
Article 19, Section 9) guarantees almost unrestricted access
for Inuit peoples to gather carving stone, and the intergovernmental document Ukkusiksaqtarvik, The Place Where
We Find Stone: Carving Stone Action Plan (Government of
Nunavut Department of Economic Development and
Transportation, 2007) highlights the importance of carving
stone as a commodity, and encourages responsible development of deposits and intercommunity distribution of raw
stone.

the economic considerations for future exploration and
quarry development in the area are also offered. The information in this paper will be incorporated into the QIA’s ongoing evaluation of long-term resource availability in the
Qikiqtaaluk Region (Elgin, 2017), and the economic and
logistic feasibility of responsible, community-led carving
stone quarry development.

Geological setting

In 2012, the Nunavut Carving Stone Deposit Evaluation Project (NCSDEP) of the Government of Nunavut Department
of Economic Development and Transportation (EDT)
briefly visited the Koonark deposit, located 5 km east of
Baffinland Iron Mines Corporation’s Mary River mine and
5 km southeast of the iron ore Deposit No. 1 (NTS area 36G).
The Koonark deposit was found to contain a large volume
of good- to excellent-quality, dark green to black serpentinite carving stone, and it was recommended that further exploration, geological mapping and a resource evaluation be
done at the site (Beauregard et al., 2013). Therefore, the
CNGO and QIA partnered again this summer to carry out
the NCSDEP’s recommendations at the Koonark deposit
and continue to quantify and characterize large-scale carving stone deposits on Inuit Owned Lands in the Qikiqtaaluk
Region (Steenkamp et al., 2016; Timlick et al., 2017).

The rocks underlying northern Baffin Island (Figure 1a)
belong to the Committee Bay belt (CBB; formerly the Committee fold belt of Jackson and Taylor, 1972), which lies
within the northern Rae Province (Figure 1b; Hoffman,
1988). Basement rocks in the CBB comprise variably deformed to massive monzogranite to granodiorite that crystallized between <3.0 and 2.7 Ga (Figure 1c; Jackson et al.,
1990; Bethune and Scammell, 2003b; Fulcher, 2015). The
strata of the Archean Mary River Group (Figure 1c) unconformably overlie this basement and include marine siliciclastic, intermediate–felsic volcanic and silicate-facies
iron-formation components that have been intruded by
mafic and ultramafic dykes and sills (Jackson, 2000; Young
et al., 2004; Johns and Young, 2006). A metaplutonic rock
from the Mary River iron ore Deposit No. 1 contains igneous zircon with a 207Pb/206Pb age of 2896 ±8 Ma (Fulcher,
2015), and deposition of intermediate–felsic volcanic
rocks in the Eqe Bay area (~200 km to the southeast) is interpreted to have occurred at 2740–2725 Ma (Figure 1c;
Bethune and Scammell, 2003b). Strata of the Prince Albert
(Sanborn-Barrie et al., 2003) and Woodburn Lake (Pehrsson et al., 2013) sequences, located to the southwest, have
been roughly correlated with the Mary River Group, as they
share many first-order similarities (Johns and Young,
2006); however, these correlations have not been absolutely confirmed with geochemistry or geochronology.

Presented here are a geological map, descriptions of rock
types identified in the field, and initial carving stone quality
and resource assessments for four potential quarry sites at
the Koonark deposit. A preliminary interpretation of the
petrogenesis of carving stone at the Koonark deposit, and

The CBB on northern Baffin Island is believed to record
four phases of deformation (Young et al., 2004). Interpretation of evidence for the latter three phases suggests they are
correlative with some of the deformational phases recorded
in the areas of Eqe Bay (Bethune and Scammell, 2003a),
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Figure 1: a) Location of Baffin Island, Nunavut. b) The Committee Bay belt (CBB) extends from the mainland of Nunavut
across central and northern Baffin Island. Other abbreviations: Cb, Cumberland batholith; MI, Meta Incognita terrane; Ms,
Mesoproterozoic sediments; Pc, Paleozoic carbonate cover. c) Regional geology of central–northern Baffin Island (after
Johns and Young, 2006), showing the location of the Koonark deposit (orange box labelled as Figure 2) along the Central
Borden Fault (CBF). The laser-ablation inductively coupled plasma–mass spectrometry (LA-ICP-MS) U-Pb zircon age is
from Fulcher (2015); the sensitive high-resolution ion-microprobe (SHRIMP) ages are from unpublished data referred to in
Scott and de Kemp (1998). The thermal ionization mass spectrometry (TIMS) ages in the Eqe Bay and Grant-Suttie Bay areas are from Bethune and Scammell (2003a, b), while all other TIMS ages are from Jackson et al. (1990). Other abbreviations: NBF, Nina Bang Fault; WBF, White Bay Fault.
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central Baffin Island (Scott et al., 2003) and the Committee
Bay supracrustal belt (Sanborn-Barrie et al., 2003). Metamorphic grades are preserved as greenschist facies in the
Mary River Group metasediments, and increase from amphibolite to granulite facies in the metaplutonic rocks from
the Mary River area southward to the northern extent of the
Barnes Ice Cap (Figure 1c; Jackson and Berman, 2000).
The southern margin of the CBB is bounded by the southeast-dipping Isortoq Fault, which is interpreted to have facilitated northwest-directed thrusting of rocks from central
Baffin Island over the CBB, and subsequent southeast-directed extension that allowed exhumation of ca. 1.82 Ga
charnockite plutons of the Dexterity granulite belt (Figure 1c; Bethune and Scammell, 2003a). The deformation
and metamorphism recorded by the CBB on northern
Baffin Island are attributed to the penetrative effects of the
progressive terminal collision of the 1.85–1.82 Ga TransHudson Orogen (Jackson and Berman, 2000; Bethune and
Scammell, 2003a, b; Scott et al., 2003; Young et al., 2004;
Johns and Young, 2006; Corrigan et al., 2009).
Beauregard et al. (2013) discussed two areas at the Koonark site with potential for carving stone deposits: the
‘Community Quarry’, located in a deeply incised and narrow streambed where people have previously harvested
small amounts of stone, and a large hill with a thick scree
deposit at its base, referred to here as ‘Koonark mountain’
(Figure 2). These areas are located within a belt of greenschist-facies sedimentary, volcanic and ultramafic intrusive rocks of the Archean Mary River Group. This belt outcrops in the footwall of the southwest-dipping Central
Borden Fault, one of several large, southeast-trending dipslip faults thought to have developed in the Mesoproterozoic and been intermittently reactivated through the Cenozoic (Jackson and Berman, 2000). The Central Borden
Fault in the Mary River area juxtaposes Archean basement
orthogneiss and plutonic rocks, and the Mary River Group
belt, with Paleozoic dolomitic carbonates and sandstone
(Figure 1c; Scott and de Kemp, 1998; Jackson, 2000).

Field observations
Geological mapping was conducted at the Koonark deposit
on August 11–14, 2017, with daily foot traverses from a
small temporary camp set up onsite (Figure 2). The information collected during this work includes lithological descriptions, structural measurements, photographs and,
where necessary, carving stone characteristics (i.e., hardness, colour, homogeneity). Samples were obtained of all
potential carving stone types in the study area for further
geochemical, petrographic and carving stone quality assessments.
The area around the Koonark deposit is characterized by
bedrock cliffs, scree slopes, deeply incised streamcuts, and
Quaternary till and glaciofluvial deposits (Figure 2, beige
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map unit) with steep sides and narrow, flat tops. From the
shoreline of the lake in the valley, where the Central Borden
Fault is located, to the top of the hill north of the Koonark
deposit is a difference in elevation of approximately 160 m.

Quartzite and iron formation
Quartzite and iron formation (Figure 2, yellow map unit)
are exposed in gossanous-weathering cliff outcrops (Figure 3a) in the northwestern part of the mapped area, so only
boulders that had fallen from the cliffs were examined. The
quartzite is massive, with variable magnetite, hematite and
iron-sulphide contents. Iron formation comprises dominantly black, fine-grained magnetite in 1–10 cm thick beds
and rare, thin (<0.5 cm) layers of white to colourless quartz.
The iron formation was relatively rare compared to the
abundant quartzite boulders at the base of the cliff exposure.

Metabasite
A 3–6 m thick layer of moderately north-dipping, weakly
foliated metabasite (Figure 2, purple map unit) outcrops
continuously for about 1.7 km and is offset by at least two
minor brittle faults. The metabasite contains layers with biotite (and likely chlorite) concentrations, sugary feldspar
and seams of rust-stained carbonate (possibly siderite; Figure 3b). Locally at the top of the metabasite layer is a 2–3 m
thick bed of fine-grained, chloritized metabasalt with 2–
3 mm long feldspar phenocrysts (Figure 3c).

Serpentinized pyroxenite
Serpentinized pyroxenite (Figure 2, dark green map unit) is
concentrated along the southwestern, lower-elevation part
of the mapped area. Outcrops weather orange-brown and
are small knobs surrounded by till and glaciofluvial sediments. The pyroxenite protolith likely comprised about
35% olivine and up to 65% pyroxene (likely a combination
of orthopyroxene and clinopyroxene), making it an olivine
websterite. Olivine was concentrated primarily in lenses,
where individual and/or aggregates of olivine were slightly
elongate and flat, and separated by interstitial pyroxene. In
the rock’s current state (Figure 3d), serpentine has replaced
the olivine and the original pyroxenes have been uralitized
(hydrated and converted to amphibole). The serpentine is
less resistant to weathering and is therefore preserved in
concave pockets. The amphiboles are brown, buff and pale
green-brown, and have a highly fractured but competent
appearance. The amphibole-rich layers preserve a relict
fabric with the same orientation as the elongate serpentinized olivine pockets, suggesting that either the pyroxenite
protolith contained primary igneous layering or the unit has
been deformed due to regional tectonism.

Serpentinized lherzolite
Much of the mapped area is underlain by serpentinized
lherzolite (Figure 2, light green map unit). Like the serpen-
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Figure 2: Geology of the Koonark deposit area, showing the locations of carving stone sites where field photographs were taken and
the approximate location of the Central Borden Fault (tick symbols along the fault line point downdip). Digital elevation model created
by the Polar Geospatial Center from DigitalGlobe, Inc. imagery (Polar Geospatial Center, 2016).
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Figure 3: Field photographs of the Koonark deposit on northern Baffin Island, Nunavut: a) cliff exposure (approximately 70 m high) at the
northwest end of the mapped area, where serpentinized lherzolite and soapstone structurally overlie gossanous-weathering quartzite and
contribute boulders to the Scree Slope site; b) metabasite with feldspar-rich, biotite-rich and rusty carbonate-bearing layers; c) chloritized
metabasalt with white feldspar phenocrysts (white arrow); d) serpentinized pyroxenite with layers rich in amphibole (from uralitization of
pyroxene); e) serpentinized lherzolite with 1–4 cm wide serpentinized olivine aggregates and interstitial amphibole (from uralitization of
pyroxene); f) blue-grey boulder of soapstone amongst green cobbles of serpentinized lherzolite at the ‘Scree Slope’ site.
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tinized pyroxenite, the mineralogy of the lherzolite protolith has been hydrated so that serpentine has replaced olivine and the primary pyroxene has been uralitized. The
lherzolite protolith would have comprised approximately
75% olivine and up to about 25% pyroxene. Outcrops of the
serpentinized lherzolite that are adjacent to the serpentinized pyroxenite are characterized by abundant, rounded,
serpentinized-olivine aggregates with interstitial amphibole (Figure 3e). Farther from this contact, this lithology
becomes finer grained and more homogeneous, has a
higher proportion of serpentine (after olivine, presumably)
and contains minor amounts of talc.

Soapstone
The soapstone (Figure 2, teal map unit) outcrops only in a
cliff face in the northwestern part of the mapped area; although the outcrop is not accessible, abundant boulders are
present in the scree slope below (Figure 3a, f). The soapstone comprises rounded and slightly elongate olive-green
nodules (up to 2 mm long) of serpentine that are wrapped by
fine-grained, grey-green to grey-blue talc in the matrix. A
weak phyllitic fabric is defined by the alignment of talc and
the orientation of the elongate serpentine nodules. Thin
(<1 mm) discontinuous veins are healed with a translucent
green mineral, presumed to be serpentine.

Granodiorite–tonalite
Authors have previously mapped an Archean or Paleoproterozoic granodiorite–tonalite orthogneiss with local Kfeldspar porphyroclasts and biotite as the dominant mafic
phase (Figure 2, pink map unit; Jackson, 2000; Johns and
Young, 2006) north and northwest of the Koonark deposit.
Although not observed up close due to time constraints during fieldwork, a felsic plutonic lithology was confirmed by
distant observation of outcrops, satellite imagery and an
abundance of similar-type boulders in the till along the
northeastern margin of the mapped area.

Carving stone varieties
The primary characteristics of concern for determining
carving stone quality are hardness (ideally Mohs 2–3),
competency (ability of the rock to remain intact with fine or
thinly carved detailing), appearance (colour, polished lustre), homogeneity (consistency in mineral distribution to
maintain competency and appearance) and the maximum
size of harvested blocks. Based on preliminary field assessments, there are four sites in the mapped area containing
stone that could meet the criteria listed above: the ‘Koonark
mountain’, ‘Valley Side’, ‘Upper Koonark’ and ‘Scree
Slope’sites (Figure 2). Test carving done by a master carver
is ongoing to confirm the quality of carving stone from
these sites.
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‘Koonark mountain’ site
The ‘Koonark mountain’ site encompasses the entire hill
and scree slope (Figure 4a) identified by Beauregard et al.
(2013) as requiring detailed exploration and mapping to
evaluate its carving stone potential. The stone at this site
has a mottled or polka-dot black-on-green appearance (Figure 4b), locally with black bands (2–10 cm wide). The
black mineral is likely serpentine, while the green matrix
may be a combination of talc, chlorite and serpentine.
Rounded grains of magnetite (up to 0.5 mm wide) are present throughout the green matrix. The Mohs hardness is <3,
yet the rock is competent enough to withstand several hard
hammer strikes without breaking. When polished, the contrast of the black serpentine aggregates and layers against
the green matrix becomes very apparent, and the rock’s surface has a highly reflective lustre (Figure 4b). An estimated
13 000 tonnes of carving stone in the form of large boulders
(0.2–2 m wide) is readily available for harvesting from the
scree slope that skirts Koonark mountain. The mountain itself holds an additional 50 000 tonnes of carving stone as
surface-accessible bedrock, for a total resource estimate of
63 000 tonnes.
‘Valley Side’ site
Southeast of the ‘Community Quarry’ deposit is a steepsided valley that is interpreted to follow the trend of a brittle
fault zone, parallel to the Central Borden Fault. The ‘Valley
Side’ site is located on the northeast slope of this valley and
comprises a series of black outcrops exposed for about
250 m at a height of 7–10 m above the streambed. The outcrops are very competent, with 1–3 m tall, flat cliff faces
that are locally bisected by joint fractures. There is a thin
soil layer below these outcrops; however, boulders up to
30 cm wide are available in the exposed scree, and smaller
pieces can be hammered from the outcrop. The stone at this
site has a very homogeneous texture (Figure 4c), comprising very fine grained, rounded green grains (presumed to be
serpentine) that are separated by thin (<0.25 mm) black
films. Fine-grained (<0.5 mm) magnetite is disseminated
throughout, and rare veins up to 2 mm wide are healed with
a black, fine-grained mineral similar to that of the thin
films. This stone has a Mohs hardness <3, and polished surfaces are smooth with a muted lustre (Figure 4c). The ‘Valley Side’ site is estimated to contain 7 000 tonnes of surfaceaccessible carving stone.
‘Upper Koonark’ site
Behind (north of) Koonark mountain is a narrow valley with
a small perennial snowdrift. Along the western side of the
valley is a 5–7 m tall rock spire with pale green scree on
each side. This scree slope, spire outcrop and the bedrock
connecting it to the valley wall constitute the ‘Upper Koonark’ site. The rock from this site is homogeneous at the
hand-sample scale but variable throughout the outcrop in
terms of mineral proportions and appearance. In general,
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hand samples contain black serpentine (40–60% by volume) as concentrated bands, aggregates or ovoid grains set
in a bluish-green, fine-grained, talc-rich matrix (Figure 4d). Patches of an orange to pale-red anhedral mineral
(possibly a carbonate) up to 3 mm wide are locally present

within the matrix, while rounded magnetite grains up to
1 mm wide are disseminated throughout the rock. A polished surface highlights the contrasting bluish-green and
black components, and has a glossy lustre (Figure 4d). The
‘Upper Koonark’ site appears to be bisected by a brittle fault

Figure 4: Panorama of the Koonark Mountain site (a), showing the thick scree slope of carving stone boulders (white arrows point to geologists for scale). Raw (left) and polished (right) samples of carving stone from the Koonark Mountain (b), Valley Side (c), Upper Koonark (d)
and Scree Slope (e) sites of the Koonark deposit. White patches on the polished sample in (e) are hammer-strike marks.
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zone between the valley wall and the spire outcrop, resulting in a friable zone. However, coherent boulders up to
30 cm long were found in the scree pile, and blocks up to
40 cm long can be easily hammered from the spire outcrop.
Factoring out the faulted section of this site, there is an estimated 190 tonnes of surface-accessible carving stone.
‘Scree Slope’ site
At the northwest end of the mapped area, the ‘Scree Slope’
site refers to the boulders amassed below the cliff exposure
of soapstone. The scree in this area comprises only 1–2%
(by volume) soapstone boulders that are 15–50 cm long
(Figure 4e), while the remainder of the material is dominated by fractured chips of serpentinized lherzolite 1–
15 cm long. Given the difference in the ranges of boulder
sizes observed at the base of the scree slope, the soapstone
appears to be far more competent than the adjacent serpentinized lherzolite. As previously described, the soapstone is
dominated by talc with minor serpentine, and has a bluegrey to green-grey, homogeneous appearance. This rock
has a Mohs hardness <2 and, when polished, it deepens in
colour and has a matte lustre (Figure 4e). Given the concentration of soapstone boulders, approximately 50 tonnes of
surface-accessible carving stone is estimated at the Scree
Slope site.

Preliminary interpretation of carving stone
petrogenesis
The petrogenesis of serpentinite and soapstone carving
stone deposits generally requires a magnesium-rich and silicon-poor protolith (parent rock), hydrothermal fluids and
fluid-flow pathways that allow pervasive fluid infiltration,
and a source of carbon for carbonation reactions. At the
Koonark deposit, and at other sites where potential carving
stone deposits have been documented (e.g., Young et al.,
2004; Johns and Young, 2006), the likely protolith to the
carving stone is interpreted to be lherzolite (or peridotite),
which is an ultramafic (magnesium-rich) rock comprising
mainly olivine and pyroxene. The Koonark deposit is adjacent to the Central Borden Fault, and evidence of faulting is
abundant throughout the area as traces of valleys carved
preferentially by glacial and fluvial processes, continuous
zones of friable bedrock, and abundant serpentine slickensides. The network of splays and parallel fault zones related
to the Central Borden Fault likely facilitated hydrothermal
fluid flow through the Mary River Group ultramafic
protolith(s), allowing initiation of serpentine- and talcproducing hydration reactions (Mével, 2003), such as:
2·Mg2SiO4 + 3·H2O → Mg3Si2O5(OH)4 + Mg(OH)2 (1)
forsterite

serpentine

brucite

Mg2SiO4 + MgSiO + 2·H2O → Mg3Si2O5(OH)2
forsterite

orthopyroxene
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serpentine

(2)

MgSiO3 + 3·H2O → Mg3Si2O5(OH)2 + Mg3Si4O10(OH)2 (3)
orthopyroxene

serpentine

talc

Alternative serpentine- and talc-generating reactions involving an ample source of carbon include (Mével, 2003):
(Fe, Mg)2SiO4 + n·H2O + CO2 → Mg3Si2O5(OH)4 + SiO2 +
(4)
Fe3O4 + MgCO3
olivine
magnetite magnesite

serpentine

Mg3Si2O5(OH)4 + 3·CO2 → Mg3Si4O10(OH)2 +
MgCO3 + 3·H2O
serpentine
magnesite

(5)

talc

A possible source of carbon that would allow equations 4
and 5 to proceed could be from marble within the Mary
River Group; however, the only evidence of such Archean(?)
carbonates comes from the Freshney River area (Johns and
Young, 2006), located approximately 125 km to the southeast near the northern extent of the Barnes Ice Cap. A more
likely source of carbon could be the dolomitic carbonate
rocks that were deposited over much of Baffin Island during the Paleozoic (Jackson, 2000) and have since been juxtaposed with the Koonark deposit via the Mesoproterozoic–
Cenozoic Central Borden Fault. In this case, the initiation
of carbonation reactions that may have partly produced or
enhanced serpentinization of the Koonark deposit can be
constrained to when northern Baffin Island was inundated
with seawater and the first deposits of carbonate-rich sediments were laid down. To better understand the timing and
mechanisms of serpentinization and carving stone petrogenesis, a study that includes petrology, mineral chemistry,
lithogeochemistry and geochronology constraints should
be carried out.

Economic considerations
The viability of developing a carving stone deposit into a
quarry is evaluated based on the volume of resources, accessibility to the site, ease and methods of harvesting stone,
and potential hazards associated with quarry development,
such as physical barriers (e.g., overhanging walls, steep
slopes, cliffs) and health concerns (e.g., presence of asbestiform minerals). Potential surface-accessible carving
stone resources at the Koonark deposit could be as large as
80 240 tonnes, depending on the outcomes of test carving
and further assessments by professional carvers. For comparison, the total combined amount of extracted and remaining carving stone from Kangiqsukutaak (Korok Inlet,
Baffin Island) is <18 880 tonnes, and from Qullisajaniavvik
(near Sanikiluaq, Belcher Islands) is 16 767–19 667 tonnes
(Elgin, 2017, Table 1). The area also has potential for large
subsurface deposits below the thin veneer of glacial till, and
for expansion to unexplored, neighbouring occurrences of
altered ultramafic rocks in the Mary River Group. Explora-
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tion for other carving stone deposits in the area should focus on identifying ultramafic intrusions in the Mary River
Group near large-scale normal faults that juxtapose them
with Paleozoic dolomitic carbonates.
The Koonark deposit is unique in the Qikiqtaaluk Region
because of its proximity to a working mine with a maintained roadway that connects to a port facility. This infrastructure greatly reduces the challenges of transporting raw
carving stone from its inland source to tidewater. Direct
shipping to coastal communities, particularly within the
Kitikmeot Region where there is a carving stone deficiency,
could be an economic opportunity for the Hamlet of Pond
Inlet and the beginning of a regional distribution network
envisioned by the Ukkusiksaqtarvik action plan (Government of Nunavut Department of Economic Development
and Transportation, 2007). However, the Koonark deposit
is located approximately 6 km away from the mine road and
on the opposite side of Mary River, so some level of access
development would be necessary for year-round quarrying.
As much of the surface-accessible carving stone resources
are in scree slopes, another potential challenge to developing the Koonark deposit into a quarry site could be the steep
topography (e.g., rockfall and slope-failure hazards) and
constrictive incised valleys (resulting in perennial snow
cover).

Conclusions
Geological mapping was conducted by the CNGO and QIA
at the Koonark deposit on northern Baffin Island to better
constrain the volume and characteristics of potential carving stone resources in the Qikiqtaaluk Region. The mapped
area is dominated by greenschist-facies metasedimentary,
metavolcanic and ultramafic plutonic rocks of the Archean
Mary River Group that are adjacent to the Central Borden
Fault, which juxtaposes them with Paleozoic carbonate
rocks. Four areas were recognized to have considerable
volumes of serpentinized and talc-rich stone with Mohs
hardness <3: the ‘Koonark mountain’, ‘Valley Side’, ‘Upper Koonark’ and ‘Scree Slope’ sites. The stone from each
site has a unique texture, mineral assemblage and/or proportions, and polished finish. In total, an estimated 80 240
tonnes of surface-accessible carving stone is present at
these four sites, while more subsurface resources are probable.
Based on the mapping and regional geological history, a
preliminary interpretation of the carving stone petrogenesis
involves a (generally) lherzolite protolith that may have undergone hydrothermal alteration as early as the Mesoproterozoic during the development of the Central Borden
Fault. Possible further alteration via carbonation reactions
may have taken place during and/or after the deposition of
Paleozoic carbonate sediments in the shallow sea that
covered much of Baffin Island at that time.
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Potential development of a quarry at the Koonark deposit
has a major advantage over most other carving stone sites
due to the existing road and port infrastructure of the nearby
Mary River mine; however, there are also challenges with
steep topography and seasonal accessibility at the deposit.
Future exploration for similar carving stone deposits in this
area should focus on where ultramafic rocks, brittle faults
and Paleozoic carbonates are closely associated.

Acknowledgments
The authors thank M. Beauregard for sharing his personal
experience and insight of the Koonark deposit. This project
was made possible by Baffinland Iron Mines Corporation,
who offered in-kind support through chartered aircraft
transportation, logistics and accommodations at the Mary
River minesite. Funding for this project was provided by
the Qikiqtani Inuit Association through the Government of
Nunavut Department of Lands and Resources. A review of
this paper was provided by D. Mate.
Natural Resources Canada, Lands and Minerals Sector
contribution number 20170263

References
Beauregard, M.A., Ell, J., Pikor, R.K. and Ham, L.J. 2013:
Nunavut Carving Stone Deposit Evaluation Program (2010–
2013): third year results; in Summary of Activities 2012,
Canada-Nunavut Geoscience Office, p. 151–162.
Bethune, K.M. and Scammell, R.J. 2003a: Distinguishing between
Archean and Paleoproterozoic tectonism, and evolution of
the Isortoq fault zone, Eqe Bay area, north-central Baffin Island, Canada; Canadian Journal of Earth Sciences, v. 40,
p. 1111–1135.
Bethune, K.M. and Scammell, R.J. 2003b: Geology, geochronology, and geochemistry of Archean rocks in the Eqe Bay area,
north-central Baffin Island, Canada: constraints on the
depositional and tectonic history of the Mary River Group of
northeastern Rae Province; Canadian Journal of Earth Sciences, v. 40, p. 1137–1167.
Corrigan, D., Pehrsson, S., Wodicka N. and de Kemp, E. 2009: The
Palaeoproterozoic Trans-Hudson Orogen: a prototype of
modern accretionary processes; in Ancient Orogens and
Modern Analogues, J.B. Murphy, J.D. Keppie and A.J.
Hynes (ed.), Geological Society of London, Special Publications, v. 327, p. 457–479.
Elgin, R.A. 2017: Status and implications of reserves at carving
stone quarries in the Qikiqtaaluk Region of Nunavut; in
Summary of Activities 2017, Canada-Nunavut Geoscience
Office, p. 151–158.
Fulcher, S.A. 2015: The lithotectonic setting and paragenetic history of Deposit No. 1, Mary River District, north Baffin Island; Western University Electronic Thesis and Dissertation
Repository, no. 2884, 389 p., URL <http://ir.lib.uwo.ca/etd/
2884/> [October 2017].
Government of Canada 1993 (amendments included in 2009):
Agreement Between the Inuit of the Nunavut Settlement
Area and Her Majesty the Queen in Right of Canada
(Nunavut Land Claims Act); Nunavut Tunngavik Inc. and
Minister of Indian Affairs and Northern Development and

Canada-Nunavut Geoscience Office

Federal Interlocutor for Métis and Non-Status Indians, p.
149–150, URL <http://www.tunngavik.com/documents/
pub lications/LAND_CLAIMS_AGREEMENT_NUNA
VUT.pdf > [October 2017].
Government of Nunavut Department of Economic Development
and Transportation 2007: Ukkusiksaqtarvik – the place
where we find stone: carving stone supply action plan; Government of Nunavut Department of Economic Development
and Transportation, 12 p., URL <http://www.gov.nu.ca/
sites/default/files/carving_ stone_action_plan_eng
lish.pdf> [October 2017].
Hoffman, P.F. 1988: United plates of America, the birth of a craton:
Early Proterozoic assembly and growth of Laurentia; Annual Review of Earth and Planetary Sciences, v. 16, p. 543–
603.
Jackson, G.D. 2000: Geology of the Clyde-Cockburn Land map
area, north-central Baffin Island, Nunavut; Geological Survey of Canada, Memoir 440, 303 p.
Jackson, G.D. and Berman, R.G. 2000: Precambrian metamorphic
and tectonic evolution of northern Baffin Island, Nunavut,
Canada; The Canadian Mineralogist, v. 38, p. 399–421.
Jackson, G.D. and Taylor, F.C. 1972: Correlation of major
Aphebian rock units in the northeastern Canadian Shield;
Canadian Journal of Earth Sciences, v. 9, p. 1650–1669.
Jackson, G.D., Hunt, P.A., Loveridge, W.D. and Parrish, R.R.
1990: Reconnaissance geochronology of Baffin Island,
N.W.T.; in Radiogenic Age and Isotopic Studies: Report 3,
Geological Survey of Canada, Paper 89-2, p. 123–148.
Johns, S.M. and Young, M.D. 2006: Bedrock geology and economic potential of the Archean Mary River group, northern
Baffin Island, Nunavut; Geological Survey of Canada, Current Research 2006-C5, 15 p.
Mével, C. 2003: Serpentinization of abyssal peridotites at mid-ocean
ridges; Comptes Rendus Geoscience, v. 335, p. 825–852.

Summary of Activities 2017

Pehrsson, S.J., Berman, R.G. and Davis, W.J. 2013: Paleoproterozoic orogenesis during Nuna aggregation: a case study of reworking of the Rae craton, Woodburn Lake, Nunavut;
Precambrian Research, v. 232, p. 167–188.
Polar Geospatial Center 2016: ArcticDEM strip data, Release 3,
2 metre spatial resolution; Polar Geospatial Center, URL
<https://www.pgc.umn.edu/data/arcticdem/> [July 2017].
Sanborn-Barrie, M., Sandeman, H., Skulski, T., Brown, J., Young,
M., MacHattie, T., Carson, C., Panagapko, D. and Byrne, D.
2003: Structural geology of the northeastern Committee
Bay belt, Ellice Hills area, central Nunavut; Geological Survey of Canada, Current Research 2003-C23, 13 p.
Scott, D.J. and de Kemp, E.A. 1998: Bedrock geology compilation, northern Baffin Island and northern Melville Peninsula, Northwest Territories; Geological Survey of Canada,
Open File 3633, 3 sheets, 1:500 000 scale.
Scott, D.J., St-Onge, M.R. and Corrigan, D. 2003: Geology of the
Archean Rae Craton and Mary River Group and the
Paleoproterozoic Piling Group, central Baffin Island, Nunavut; Geological Survey of Canada, Current Research 2003C26, 12 p.
Steenkamp, H.M., Timlick, L., Elgin, R.A. and Akavak, M. 2016:
Geological mapping and petrogenesis of carving stone in the
Belcher Islands, Nunavut; in Summary of Activities 2016,
Canada-Nunavut Geoscience Office, p. 121–130.
Timlick, L., Steenkamp, H.M. and Camacho, A.L. 2017: Comparative study of the petrogenesis of excellent-quality carving
stone from Korok Inlet, southern Baffin Island and the
Belcher Islands, Nunavut; in Summary of Activities 2017,
Canada-Nunavut Geoscience Office, p. 129–138
Young, M.D., Sandeman, H., Berniolles, F. and Gertzbein, P.M.
2004: A preliminary stratigraphic and structural geology
framework for the Archean Mary River Group, northern
Baffin Island, Nunavut; Geological Survey of Canada, Current Research 2004 C-1, 16 p.

149

150

Canada-Nunavut Geoscience Office

Status and implications of reserves at carving stone quarries within the
Qikiqtaaluk Region of Nunavut
R.A Elgin1
1

Qikiqtani Inuit Association, Iqaluit, Nunavut, relgin@qia.ca

This work forms part of the Qikiqtani Inuit Association’s Quarry Evaluation Program to address the safety and sustainability of carving
stone quarries located on Inuit Owned Lands around the Qikiqtaaluk Region of Nunavut. The program is jointly funded with research partnerships between the Canada-Nunavut Geoscience Office, Government of Nunavut Department of Economic Development and Transportation and Canadian Northern Economic Development Agency. The program aims to carry out bedrock mapping and geochemical
analysis of significant sites to better understand how carving stone deposits form, identify unexplored resources and develop known resources to increase carving stone accessibility in the region.
Elgin, R.A. 2017: Status and implications of reserves at carving stone quarries within the Qikiqtaaluk Region of Nunavut; in Summary of
Activities 2017, Canada-Nunavut Geoscience Office, p. 151–158.

Abstract
The Qikiqtani Inuit Association’s Quarry Evaluation Project was established as a multi-agency approach to address safety
concerns around major carving stone sites, while providing a means to better understand the genesis of excellent-quality
carving stone and define remaining reserve quantities. While related works have discussed the geology and formation of
carving stone deposits, this paper focuses on quantifying reserves remaining at each of the three major carving stone sites in
the Qikiqtaaluk Region: Kangiqsukutaak2, Ujararniarvik (also known as Tatsiituk)3 and Qullisajaniavvik. The major site of
production for southern Baffin Island, Kangiqsukutaak (Korok Inlet), is nearing the end of its life, with only <3 000 tonnes
of artisanal stone remaining. The neighbouring site at Ujararniarvik in Aberdeen Bay may have up to 3 000 tonnes remaining, although this represents an upper-limit estimate and will, therefore, be insufficient to cover the eventual loss and closure of Kangiqsukutaak in the long term. With no viable alternative in reserve, the southern communities of Baffin Island do
not have a known source of artisanal stone to enable the envisioned growth of the carving industry. Re-evaluations of deposits on the Belcher Islands and in the Mary River area indicate that, although substantial deposits remain in isolated locations,
communities with a more established artistic presence will have to begin transitioning to new, as yet unknown sources of
stone in the immediate future.

Résumé
Les responsables d’un projet de la Qikiqtani Inuit Association qui vise à évaluer des carrières de pierre à sculpter ont adopté
une approche multipartite non seulement en vue de répondre aux préoccupations en matière de sécurité dans le périmètre
d’importants sites de pierre à sculpter, mais aussi afin de mieux comprendre la genèse de la pierre à sculpter d’excellente
qualité et de préciser les réserves restantes. Alors que des travaux connexes ont porté sur la géologie et la formation des
gisements de pierre à sculpter, la présente étude est axée sur l’évaluation des réserves restantes à chacun des trois plus
importants sites de pierre à sculpter de la région de Qikiqtaaluk, soit Kangiqsukutaak4, Ujararniarvik (également connu
sous le nom de Tatsiituk)5 et Qullisajaniavvik. La vie utile du site de production principal du sud de l’île de Baffin, c’est-àdire Kangiqsukutaak (Korok Inlet), tire à sa fin puisqu’il n’y reste plus que moins de 3000 tonnes de pierre artisanale. Le site
voisin d’Ujararniarvik à la baie Aberdeen a possiblement accès à quelque 3000 tonnes, bien qu’il s’agisse de la limite
supérieure de la meilleure estimation et que ce volume soit d’ailleurs insuffisant pour pallier à long terme à la perte et
fermeture éventuelle du site de Kangiqsukutaak. En l’absence d’alternatives viables, les collectivités du sud de l’île de

2

This quarry was referred to as ‘Kangiqsukutaaq’in previous editions of the Canada-Nunavut Geoscience Office Summary of Activities.

3

This quarry was referred to as ‘Tatsituya’ in previous editions of the Canada-Nunavut Geoscience Office Summary of Activities.

4

Cette carrière a été identifiée sous le nom de « Kangiqsukutaaq » dans des éditions antérieures de Summary of Activities du Bureau
géoscientifique Canada-Nunavut.
5
Cette carrière a été identifiée sous le nom de « Tatsituya » dans des éditions antérieures de Summary of Activities du Bureau géoscientifique Canada-Nunavut.
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Baffin n’ont plus accès à des sources connues de pierre artisanale grâce auxquelles elles seraient en mesure de favoriser la
croissance de l’industrie de la sculpture. Une réévaluation des gisements des îles Belcher et de la région de Mary River
révèle que, malgré la présence de gisements de très grande taille dans certains endroits isolés, les collectivités reconnues
pour leurs communautés artistiques devront bientôt entamer leur transition vers de nouvelles sources encore inconnues de
pierre.

Introduction
Carving stone represents a resource of special significance
to Inuit communities of Nunavut, providing a significant
source of income for indigenous artists and driving part of a
multimillion dollar arts and crafts industry (Government of
Nunavut Department of Economic Development and
Transportation, 2010). Within the Qikiqtaaluk Region,
where large deposits are more numerable compared to the
rest of the territory (Beauregard et al., 2013; Beauregard
and Ell, 2015a, b; Beauregard, 2017), intensive quarrying
of artisanal stone since the 1960s has resulted in the depletion of surface reserves at several major sites. This has required Inuit harvesters to undertake subsurface excavations to obtain desirable stone. This practice is driven by a
strong community preference for particular qualities in carving stone. Additionally, competition between Inuit harvesters and a lack of any consensual development plan has
resulted in many poor quarrying practices having being
adopted over the years.
With the majority of carving stone deposits in the Qikiqtaaluk Region located on Inuit Owned Lands (Figure 1), the
Qikiqtani Inuit Association (QIA) has jurisdiction over
these lands. The QIA carries out periodic inspections to address the potential safety and community concerns that
have arisen from any work that has resulted in sustained periods of development. Throughout 2016 and 2017, the QIA
conducted inspections at three of the major carving stone
quarry sites in the region, Kangiqsukutaak (Korok Inlet,
Baffin Island), Ujararniarvik (Aberdeen Bay, Baffin Island)
and Qullisajaniavvik (Belcher Islands). This work was done
in partnership with the Government of Nunavut Department of Economic Development and Transportation (EDT)
and the Canada-Nunavut Geoscience Office (CNGO). This
work was undertaken to jointly map the local geology, assess the character and interpret the genesis of carving stone,
and complement the outcome of the EDT’s Nunavut Carving Stone Deposit Evaluation Program (NCSDEP; Beauregard et al., 2013; Beauregard, 2014, 2017; Beauregard
and Ell, 2015a, b) and associated research (Steenkamp et
al., 2014, 2016, 2017; Camacho et al., 2015; Qikiqtani Inuit
Association, 2017a–c; Timlick et al., 2017). Revised estimates of remaining carving stone reserves are presented
herein, and their immediate implications for the future development of the carving stone industry in the Qikiqtaaluk
Region are discussed.
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Deposit surveys
Three major carving stone deposits were visited by QIA
and CNGO teams during the 2016 fall period, when
weather and water conditions permitted access by boat
from the nearest neighbouring community. The assistance
of a local master carver was employed for all field excursions to ensure community involvement in the project and
to provide detailed knowledge of the site and reserves. The
field team remained on site for 1–6 days at each location to
carry out field mapping, sampling and topological surveys.
Mapping and sampling were carried out as described by
Steenkamp et al. (2016) and Timlick et al. (2017).
Surveys were carried out using a Nikon reflectorless total
station, with several GPS-tagged survey points being set up
around each of the quarry locations to provide maximum
coverage of the deposit. Triangulation of survey stations
was carried out to ensure accurate readings and positioning,
with the exception of Ujararniarvik where poor weather necessitated an early departure. Site dimensions were defined
through laser surveying of irregular points along the roof
and floor of the quarry, providing a series of markers for
topological mapping and estimates for pit and reserve volumes. Horizontal and vertical distance conversions were
performed in Microsoft® Excel®, and basic digital models
were constructed using the freeware program LibreCAD®.
Resource estimates were calculated using the assumed conversion ratio of 2.694 tonnes/m3 for direct comparison with
existing research (e.g., Beauregard, 2014).

Deposit descriptions
Estimates of site dimensions and available reserve volumes
for each of the three major community quarries are presented in Table 1, with estimates given for accessible,
rather than total, reserves. Although each deposit may be
significantly larger than presented in Table 1, much of the
deposit may only be present at depth or underlie obstacles,
and is therefore inaccessible using the hand-mining techniques adopted by Inuit quarry workers.

Kangiqsukutaak
The quarries at Kangiqsukutaak (located in Korok Inlet;
Figure 1), approximately 160 km east of Cape Dorset along
the southern Baffin Island coast, represent the primary production centre for carving stone in Nunavut (Figure 2a, b).
To date, approximately 15 500 tonnes of artisanal serpen-
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Figure 1: Location of carving stone deposits in the Qikiqtaaluk Region of Nunavut identified during the NCSDEP in 2010 and 2014 (Beauregard et al., 2013; Beauregard and Ell, 2015a, b). Of
the four active quarries in the region, those located near Korok Inlet, Aberdeen Bay and Sanikiluaq (Belcher Islands), were evaluated as part of this work.

Table 1: Locations, reserve estimates and pit dimensions of quarries surveyed as part of the Qikiqtani Inuit
Association’s Quarry Evaluation Program in 2016 and 2017.

tinite stone has been extracted and distributed throughout
the southern Baffin Island communities of Iqaluit, Cape
Dorset and Kimmirut, as well as to communities in northern
Quebec, during the quarry’s heyday in the 1980s. The stone
from this site is highly prized due to its dark green/black
colour, hardness and ability to hold fine details. Kangiqsukutaak has become the standard against which all other Nunavut deposits are compared when assessing the suitability
of their stone for artisanal purposes. A series of quarry
workings is located across the inlet to the west of Kangiqsukutaak but these are no longer in production owing to a
high concentration of magnetite (K. Tapaungai, pers.
comm., 2017).
Resource dimensions
The serpentinite body at Kangiqsukutaak (Timlick et al.,
2017) is subvertical and likely continues at depth for about
100 m, based on the narrow and well-constrained magnetic
anomaly pattern identified by Steenkamp et al. (2014). The
serpentinite is laterally discontinuous along a northeasttrending fault, splitting the deposit into northern and southern components. The northern body is <10 m wide and exposed for >37 m along strike, although it may continue for
an additional, and maximum distance of 65 m to the south
beneath the topsoil. The southern deposit is 10–12 m wide,
76 m long and truncated along its southern extent by an
east-trending fault near the shoreline.
Remaining reserves
The present-day excavations at Kangiqsukutaak cover
most of the known deposits and extend to a visible depth of
8.9 m in the southern pit and 5.7 m in the northern pit. The
true depths of the pits are hard to quantify due to the large
volume of rubble and debris, but approximately 8 600 m3 of
bedrock, equating to 25 000 tonnes, has been extracted to date.
This volume is revised from an earlier estimate of 40 000–
50 000 tonnes (Steenkamp et al., 2014). In total, approximately 11 000 tonnes and 4 000 tonnes of artisanal stone have
been transported from the southern and northern pits, respectively (Qikiqtani Inuit Association, 2017a).
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Given the subvertical nature of the deposit, stone can continue to be extracted by deepening the two pits; however,
this may lead to issues with drainage and further expose
quarry workers to potential slope failures (Qikiqtani Inuit
Association, 2017a).
Within the limits of the northern pit, an estimated
2 880 tonnes of stone remains accessible if the workings are
deepened by a further 5 m. It is possible that a southern extension may increase this tonnage as the southern limit of
the deposit has yet to be found. Recent workings at the
northern pit indicate that a depth of at least 2 m must be attained before the stone has sufficient integrity for artisanal
use.
Within the southern pit, carving stone is accessible only
from a 2–3 m high strip along the western wall, which underlies up to 6 m of fractured bedrock. Any further development in the southern pit involves the creation of overhangs
that pose significant safety hazards. Assuming that it is logistically feasible to excavate more stone (i.e, another 1 m
of stone) from the western wall without significant
remediation to remove the fractured overburden and top
soil, then up to 430 tonnes of carving stone could be removed in the future from the southern pit.

Ujararniarvik
Aberdeen Bay, approximately 200 km west of Kimmirut on
the southern coast of Baffin Island, contains one active
quarry site comprising several small pits and excavations
that have been dug into a low-lying beach within 10 m of
the high-tide mark (Figure 2c, d). Here, Lake Harbour marble (Sanborn-Barrie et al., 2008) is intersected by several
faults and has been hydrothermally altered to a high-quality
serpentinite, known for its vibrant, apple-green colour and
ability to hold fine detail (Camacho et al., 2015). Several altered ultramafic intrusions within the immediate area remain largely unexplored owing to their small size and
position on an intertidal platform.

Canada-Nunavut Geoscience Office

Figure 2: Photographs from major quarries in the Qikiqtaaluk Region: a) southern pit of Kangiqsukutaak, showing the trend of the fault
that parallels the deposit; b) carvers examining the western wall in the southern pit of Kangiqsukutaak, which is approximately 9 m tall;
c) active pit at Ujararniarvik and adjacent unstable debris slope (carvers for scale); d) infilled pit at Ujararniarvik (carver for scale);
e) main pit of Qullisajaniavvik and locations of green and black carving stone, the Haig intrusion diabase (boundary shown by red line)
and a minor brittle fault that bisects the outcrop (ATV for scale is 1.2 m tall).
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Resource dimensions

Resource dimensions

The serpentinite deposit lies on the western edge of the flat
beach and is separated from an intrusive wall of granite by a
north-trending fault. The deposit is 32 m long and up to
16 m wide, beyond which it grades into marble containing a
significant amount of serpentine pseudomorphs after olivine, resulting in a rock that is unsuitable as a carving stone.
The total surface area of exposed artisanal-grade serpentinite is approximately 520 m2, although the maximum depth
of the body is unknown.

The actively quarried deposit at Qullisajaniavvik is approximately 100 m long and varies between 9.7 and 24.4 m in
width (Steenkamp et al., 2016). While subsurface geometries of the sill, carbonate and artisanal argillite are unconstrained, reserve estimates are made assuming that surface
features can be projected at depth and the sill maintains at a
constant dip of 52° toward the northwest. In total, an estimated 23 000–32 000 tonnes of carving stone is found to
make up the deposit, agreeing well with previous estimates
of >30 000 tonnes (Beauregard, 2014; Beauregard and Ell,
2015a, b). However, excavation of this amount of rock
would require the pit to be sunk to a depth of 25 m below
ground level.

Remaining reserves
Two excavation sites are visible, although one has been
filled in with rubble (Figure 2d) and is presumed to be of
equivalent size to that of the active pit. Approximately
130 m3 of rock has been removed from the active pit to a
depth of 3.83 m below ground level (Table 1). Applying a
wastage rate of 60%, determined by onsite observations of
quarrying activities, the total production of both pits is
estimated to be 557 tonnes.
Estimates of total reserves are impossible to determine
given the unknown depth of the serpentinite deposit, but
there is no indication from mineralogy at the base of the pit
that the lower limit of the body is near. Assuming that the pit
can be deepened by a further metre to a depth of 5 m, by
which point it must lie close to the high tide level, then a
maximum of approximately 2 600 m3 of artisanal stone
might yet still be extracted. This figure, however, is likely
to be significantly reduced due to natural wastage from
quarrying activities and surface weathering of the upper
rock, which extends to an observed depth of 2.11 m. It is
therefore estimated that 1 058 tonnes of accessible artisanal
stone remain on site, with an upper estimate of 2 237 tonnes
if much of the surface-weathered layer proves viable
(Qikiqtani Inuit Association, 2017b). These estimates are
revised from previous values of <500 tonnes (Beauregard,
2017) and 700+ tonnes (Burgoyne and Caine, 1980).

Remaining reserves
The active quarry pit is 25.79 m long, <9.32 m wide and
<2.14 m deep, indicating that around 290–310 m3 of stone
(775–836 tonnes) has been removed (Figure 2e). Taking
into account the numerous worksites along the eastern face
of the hillside north of the active quarry pit, an estimated total of 1 067–1 127 tonnes of artisanal stone appears to have
been removed from Qullisajaniavvik to date. This figure is
less than previous estimates of around 2 000 tonnes
(Beauregard, 2014).
Assuming consistent surface and subsurface geometries,
the limiting factor for recoverable stone is the depth to
which the quarry can be extended, given the steeply dipping strata, the hand-mining approach to quarrying and the
hard, overlying Haig sill. Estimates therefore range from
2 500 to 2 900 m3 for a 3 m deep quarry and from 5 800 to
6 900 m3 (15 700–18 540 tonnes) should the pit be sunk
10 m below the current ground level (Qikiqtani Inuit Association, 2017c). Unlike the quarries at Kaniqsukutaak and
Ujararniarvik, wastage from quarrying techniques is minimal due to the well-defined bedding of the argillite (Beauregard, 2014).

Qullisajaniavvik

Implications for the carving stone industry

Several carving stone sites have been identified throughout
the Belcher Islands; however, stone is currently extracted
almost exclusively from Qullisajaniavvik on Tukarak Island, approximately 40 km southeast from the community
of Sanikiluaq. Here, a soft argillite that holds fine detail and
can be worked with ease has been created from the contact
metamorphism zone of impure dolostones of the Costello
Formation (Jackson, 2013) by a Haig diabase sill (Figure 2e; Steenkamp et al., 2016). Although this Haig intrusion lies in contact with many kilometres of carbonates
across the Belcher Islands, the metamorphic aureole, where
muddy carbonates are converted to argillite, is highly variable in extent and the contact metamorphism within the aureole has not always resulted in a high-quality carving stone
(Steenkamp et al., 2016; Timlick et al., 2017).

Development of the carving stone industry requires that
communities have a ready supply of stone that is of sufficient, uniform quality and exceeds the estimated 250–
750 tonnes of stone consumed annually, given the current
rates of production (Government of Nunavut Department
of Economic Development and Transportation, 2010). The
results presented here indicate that the southern Baffin Island area is poised to lose its primary production centre,
Kangiqsukutaak, which has <500 tonnes of stone remaining in the prized lower pit, and <3 000 tonnes of stone in the
northern pit. Unfortunately, none of these remaining reserves are currently accessible without implementing either extensive remediation or dangerous quarrying practices, such as the undercutting of high, unstable walls.
Although estimates indicate that Ujararniarvik has suffi-
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cient reserves to accommodate the eventual closure of
Kangiqsukutaak in the short term, the long-term survival of
the carving stone industry in the southern Baffin Island
communities relies on new sources of carving stone being
located, or the development of a structured distribution network to transport stone from larger deposits.
A number of sites containing suitable stone for carving have
been evaluated to date, but none currently offer the necessary size and quality that would permit the industry to grow
its capacity, as proposed in the Ukkusiksaqtarvik plan
(Government of Nunavut Department of Economic Development and Transportation, 2007). While marble remains
an abundant alternative, it is an unattractive option for artists used to working with the more distinctive serpentinite
that is traditionally associated with Inuit carvings. The establishment of distribution networks to bring stone from
sites with abundant reserves to stone-impoverished communities remains a challenge, as the only other major deposits in Nunavut are the Leybourne Islands (Cumberland
Sound), Koonark (Mary River) and Kingora (Melville Peninsula) sites, which are either too distant or too difficult to
access.
Although an assessment of the quarry at Qullisajaniavvik
has reduced the argillite reserve estimate, the volume is
nonetheless sufficient to accommodate the needs of carvers
in Sanikiluaq and support a regional centre for distribution
to the mainland communities if regular shipping routes can
be established.

Economic considerations
Carving stone remains a major material for artistic work
within northern communities and a valuable commodity
that can sell for $5.50–6.60 per kilogram ($2.50–3.00 per
pound) in its raw form (Ell, 2015). This provides a seasonal
income for numerous quarry workers who sell the stone to
local cooperatives, or take a percentage of final sales in
partnership with skilled carvers. In addition to the raw
value of artisanal stone, the combined net reserves of the
three sites presented here have a value of about $110 million; however, carving stone harvesting stimulates the
Nunavut economy further through the purchase of fuel,
supplies and tools to quarry or transport raw stone. The decreasing output and inevitable loss of stone from Kangiqsukutaak and Ujararniarvik over the coming years will
likely have a negative impact on not just carvers, but also
those employed on a seasonal basis in its collection and
distribution.

Conclusions
A survey of quarry dimensions and available reserves at
three of the major quarries in the Qikiqtaaluk Region of
Nunavut has led to a revision of the amounts of carving
stone reserves available for use by Inuit artists. Kangiqsuk-

Summary of Activities 2017

utaak is estimated to have <3 000 tonnes of accessible
stone, almost all confined to the northern pit. The relatively
smaller Ujararniarvik body holds an additional reserve of
<3 000 tonnes. The dwindling reserves at known deposits
along the southern coast of Baffin Island indicate that an active program of prospecting and quarry development is
necessary in the immediate future, before carving stone becomes significantly harder to source and quarry workers resort to unsafe practices of harvesting beneath high and
overhanging walls. Numerous locations with potential
carving stone deposits, identified through the NCSDEP
(Beauregard 2014, 2017; Beauregard et al., 2013; Beauregard and Ell 2015a, b) and by local elders (K. Tapaungai,
pers. comm., 2017), still require suitability testing and
should therefore be high-priority targets for community
prospectors or follow-up studies.
Although accessible stone at Qullisajaniavvik has been
downgraded to a maximum of 15 700–18 540 tonnes, the
average production of Sanikiluaq stands at only 24.5 tonnes
annually (Qikiqtani Inuit Association, 2017c) and will accommodate community needs for the foreseeable future.
The option to transport and sell excess stone to neighbouring hamlets, placing the Belcher Islands at the centre of a
regional distribution network, remains a viable option if
this is found to be consistent with the wishes of the community.
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Abstract
The Canada-Nunavut Geoscience Office (CNGO) was established in September 1999 following the creation of Nunavut.
The CNGO is co-funded and co-managed by three partners—two federal departments (Natural Resources Canada and Indigenous and Northern Affairs Canada) and the Government of Nunavut’s Department of Economic Development and
Transportation. The CNGO is considered Nunavut’s de facto geological survey. The office is governed and managed
through a tripartite operating agreement that has been renewed every five years. This agreement outlines the operational and
core funding context provided to the CNGO. Based in Iqaluit, Nunavut, the CNGO has six professional staff members and
initiates and conducts a wide range of collaborative geoscience research with partners from other government departments,
universities, industry and communities.

Résumé
Le Bureau géoscientifique Canada-Nunavut a été mis sur pied en septembre 1999, peu après la fondation du Nunavut. Le
Bureau est financé et dirigé conjointement par trois partenaires, soit deux ministères fédéraux (Ressources naturelles Canada et Affaires autochtones et du Nord Canada) et le ministère du Développement économique et des Transports relevant du
Gouvernement du Nunavut. Le Bureau géoscientifique Canada-Nunavut est considéré l’organisme de fait chargé des levés
géologiques du Nunavut. Le Bureau est régi et géré en fonction d’un accord d’exploitation tripartite qui a été renouvelé tous
les cinq ans. Cet accord décrit les conditions associées à l’exploitation et au financement de base dont jouit le Bureau. Le Bureau géoscientifique Canada-Nunavut est situé à Iqaluit, au Nunavut, et son complément de personnel professionnel compte
six personnes grâce auxquelles il est en mesure d’entreprendre et de mener une vaste gamme de travaux de recherche
géoscientifique de nature collaborative avec des partenaires provenant d’autres ministères gouvernementaux, d’universités
et de diverses collectivités.

Introduction
Natural resource development, particularly through the
mineral sector, is and will be the main driver for economic
development in Nunavut. When Nunavut became a territory in 1999, the belief was that 70% of its landmass had not
been adequately mapped and, therefore, responsible mineral exploration and land-use decision making was hindered with significant impacts on Nunavut’s economic
future.
The Canada-Nunavut Geoscience Office (CNGO) was
conceived to help address these issues. The CNGO is
Nunavut’s de facto geological survey and will become an
official entity when a devolution agreement is reached between the territory and Canada. Currently, the CNGO is cofunded and co-managed by Natural Resources Canada–

Lands and Minerals Sector (NRCan-LMS); the Government of Nunavut’s Department of Economic Development
and Transportation (GN-EDT) and Indigenous and Northern Affairs Canada (INAC). Most of the research conducted by the office is undertaken in collaboration with a
wide range of partners.

Background of the CNGO
Loosely modelled at the time on the Yukon Geoscience
Centre (now the Yukon Geological Survey), the CNGO
was opened in September 1999 (McCluskey, 1999; Nunatsiaq News, 1999) by the Minister of Natural Resources,
R. Goodale, who said, “Nunavut has remarkable natural resources potential. A key to unlocking that potential and to
bringing exploration and investment north is expanding

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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geoscience knowledge in the region.” (The Northern Miner,
1999).
The CNGO was established following the signing of a
Treasury Board submission between INAC, NRCan and
the Government of Nunavut. Through this submission,
NRCan, represented by the Geological Survey of Canada
(GSC), would provide scientific and logistical responsibilities to the CNGO and would take the lead on providing administrative support to the office.
The responsibility of managing natural-resource development on Crown lands through regulating land tenure would
remain with INAC. The GN, being the territorial government with their mandate to stimulate sustainable and responsible economic development in Nunavut, would assist
the CNGO by collaborating in research efforts and sharing
the administration of project funding and logistics.

The CNGO is born
Natural Resources Canada, GN, INAC and Nunavut Tunngavik Inc. (NTI), the Inuit birthright organization for oversight of the Nunavut Land Claims Agreement, met several
times to determine the most effective way to establish and
deliver a geoscience presence in Nunavut. The parties committed to establish the CNGO as a co-operative venture and
created the Canada-Nunavut Geoscience Agreement as an
office operating agreement. This agreement, outlining the
co-management and co-funding relationship for the office,
has been renewed three times, with the current agreement
(2013–2018) set to expire March 31, 2018. The three government organizations provide core funding to the CNGO;
this funding covers salary, basic operations and maintenance expenses, and some research programs. The office
also seeks additional project funding from other sources.
Each of the three partners sit on the CNGO management
board, along with an ex-officio representative from NTI,
which provides scientific and operational oversight for the
office.

Mandate and mission statement
The mandate and mission statement of the CNGO is to
• develop capacity (human and otherwise) in geoscience,
• build and maintain an accessible geoscience knowledge
base,
• promote sustainable development of mineral and energy
resources for Nunavut and
• increase awareness of the importance of earth science
for Nunavummiut.
Inuit societal values also guide the CNGO; these include
the principles of respecting others; valuing relationships
and caring for people; being open, welcoming and inclusive; serving and providing for family and/or community;
using consensus decision making with discussions; acquir-
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ing skills and knowledge through observation and mentoring; being innovative and resourceful; working together for
a common cause; developing collaborative relationships;
and practising environmental stewardship.

Why invest in geoscience?
There are many reasons why governments globally invest
in geoscience, including determining the presence and
abundance of natural resources found within a jurisdiction,
and providing new information to support evidence-based
decision making. Nunavut’s geology is diverse, which provides the territory with significant potential to develop
gold, diamond, base-metal (e.g., lead, zinc, copper), uranium, gemstone and hydrocarbon resources. Public geoscience provides exploration companies with information
and innovative ideas that will reduce the risks of exploration and improve chances for successful natural-resource
discoveries. Public geoscience also provides other stakeholders with information with which to make informed
decisions for infrastructure development and support landuse planning.
Public investments in geoscience are needed to support
grassroots exploration activities that are key to supporting
private-sector investment. Globally, exploration is and was
built on the outputs of public geoscience. The Lands and
Minerals (LMS) sector of NRCan collects and publishes
statistics on mineral exploration, development and production. From these statistics, experts have estimated that more
than $3.9 billion has been spent on exploration in Nunavut
since 1999.
The mineral exploration industry has stated, “The reach of
public geoscience is broad: It is virtually impossible to
identify all of the actual and potential users. While it is safe
to assume that any companies holding exploration licences
or claims in a given area have used available government
maps or reports, there is no way of knowing how many
other firms have reviewed this same information… Moreover, the same public geoscience information is used in a
range of other applications” (Prospectors & Developers
Association of Canada [PDAC], 2010). Within Canada,
there is a widely quoted assertion that every $1 million of
government investment to enhance the geoscience knowledge base will likely stimulate $5 million in private-sector
exploration expenditures (PDAC, 2010). This assertion
demonstrates that for every $1 invested by governments in
public geoscience, exploration companies—using government geological information and publicly accessible
data—have subsequently invested $5 in ‘preliminary’ or
grassroots exploration activities to identify exploration targets and advance their mineral properties. There is further
suggestion that if a discovery is, in fact, made, the value of
the resource—once mined—will be a minimum of $125
(125 times greater) over the initial $1 in public investment.

Canada-Nunavut Geoscience Office

Work 2000–present
Most of the CNGO’s projects are funded primarily with
project-specific funds. One of the key funders of the office
has been the Strategic Investments in Northern Economic
Development (SINED) program that has been supporting
northern economic development since 2004. The SINED
funding is currently administered by the Canadian Northern Economic Development Agency (CanNor). There have
been four SINED agreements to date—two 5 year agreements (2004–2009, 2009–2014) and two 2 year agreements
(2014–2016, 2016–2018).
Project-specific research focuses on several areas. Geoscience mapping work includes bedrock mapping, surficial
mapping, geochemical surveys and aeromagnetic surveys.
Detailed mineral-deposit work studies selected targets
(e.g., the Meadowbank gold mine in central Nunavut, the
Borden Basin of northern Baffin Island basins of the
Kitikmeot Region). Thematic geoscience studies include
energy-related research (uranium, petroleum) and
geoscience research to protect investments in infrastructure
(permafrost studies, aggregate studies). Capacity building
and data dissemination includes communication and outreach efforts, peer-reviewed publications and online dissemination. Results from selected projects since 2012 have
been published annually in the CNGO’s Summary of Activities volume; these and other publications can be downloaded at www.cngo.ca.

Increasing awareness of the importance of
earth science for Nunavummiut
Another key component of the CNGO’s work and mandate
is to communicate the importance of geoscience and its results to communities across the territory. Communication
and community engagement activities fulfill this mandate,
as well as informing the public of the geoscience work conducted by the CNGO and its many collaborators.

Communication and community engagement
Communication and community engagement efforts are
best done at three stages. The first stage involves discussions before the work starts, to gauge interest and support
for the projects, and to inform communities and their citizens. Secondly, it is important to update people midway
through the project, when there are results to share. It is
equally important to return to communities after the project
is complete, to discuss the results and leave finished products (i.e., maps) with the communities.

Fury and Hecla Geoscience Project
The CNGO has identified a new multi-year (2017–2020)
collaborative project, the Fury and Hecla Geoscience Project, which covers an area of northern Baffin Island north of
Fury and Hecla Strait (Figure 1). This project will result in
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new geological maps (parts of NTS 47C, D, E, F, G and H)
of the bedrock, glacial deposits and permafrost of the area
between Igloolik and Arctic Bay (Figure 1). Results from
this work will be publicly available and will increase the
understanding of the resource potential in this area, along
with its sensitivity to climate change.
In January and February 2017, CNGO and GN-EDT representatives visited both Igloolik and Arctic Bay (Figure 2)
and held several meetings with community elders, the
Hunters and Trappers Association, Hamlet Council and
other community members. In both communities, the high
school was visited and students were introduced to geology
as a potential career. In Igloolik, the visiting CNGO and
GN-EDT professionals spoke on a radio talk show and provided more information to people who called in.
These community information sessions are critical to the
success of CNGO projects. Many community members
want information about geoscience mapping projects, such
as where the camp will be located, how any impacts related
to fieldwork will be lessened to avoid conflicts with wildlife (particularly caribou, an important source of food),
what outputs will be produced from the work and potential
job opportunities for local community members. Furthermore, many community members have hunted and travelled in proposed project areas and, therefore, have local
knowledge about the area—from ideal places to camp, traditional camp sites, areas to avoid, location of archeological or culturally significant sites, and places that could support a landing strip for re-supply planes during the
fieldwork. Both the CNGO and the communities view these
meetings as information exchanges.
Several important comments were heard during the information meetings—communities welcome being consulted
and informed and want, and expect, researchers to return to
the communities during the project and after it is completed, to tell community members the results of the research and what was found. In these ways, communities
feel involved and included in the work, and feel that they
are informed and will be involved in any future decisions
about the use of the land around their communities. Additionally, many community members want to understand
how geoscience products are used and who uses them—the
responses provided to communities are consistent with the
comments that PDAC (2010) made about the value of
geoscience information.
The Fury and Hecla Geoscience Project covers a portion of
northern Baffin Island that has not been mapped or studied
in any detail. Airborne geophysical surveys are commonly
used as initial steps in a mapping project and are especially
useful in areas of limited outcrop. In August 2017, the
CNGO initiated an airborne geophysical survey (aeromagnetic and radiometric) over the southern portion of the pro-

161

Figure 1: Regional Google EarthTM map (Google, 2017) showing location of the proposed Fury
and Hecla Geoscience Project field mapping area, boundaries of the airborne geophysical survey
in 2017 and 2018, and proposed mapping program area for 2018 and 2019.

ject area. The CNGO has funded similar aeromagnetic surveys as a successful first step in several flagship projects in
the recent past over Hall Peninsula (Dumont and Dostaler,
2010) as part of the Hall Peninsula Integrated Geoscience
Program (2010–2014; Machado et al., 2013; Steenkamp
and St-Onge, 2014) and an aeromagnetic survey of the
McKeand River area, southern Baffin Island (Miles et al.,
2015).

trators, data manipulators) and in the field (e.g., geological
summer field assistants, cook assistants, bear monitors).
Additionally, the CNGO has delivered numerous workshops and presentations to the public (e.g., Nunavut Arctic
College students, teachers, primary school and high school
students and community members).

Another aeromagnetic survey in 2018 will cover the northern portion of the study area, funding and approvals permitting. New field mapping will start in the summer 2018 in the
southern portion of the study area (Figure 1). In summer
2019, geologists will map the northern portion of the study
area.

Capacity building and outreach
One of the CNGO’s mandates is to build capacity—human
and otherwise—in geoscience. Since its inception, the
CNGO has initiated much capacity building in many ways.
The office has hired northerners, including participants
from a government-led Inuit Learning Development Program, to work both in the office (e.g., GIS interns, adminis-
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Figure 2: Community information sessions with the Arctic Bay
community members and committees. Photo taken by R. Suluk,
Manager, Community Mining Engagement, with the Government
of Nunavut, Economic Development and Transportation Arviat office, Nunavut.
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Northern Geoscience Training Program
One such project, the Northern Geoscience Training Program, was established in 2013 between the CNGO and
Dalhousie University (Halifax, Nova Scotia). This program provided intensive hands-on training for northerners
and could lead to exciting geoscience careers in the public
or private sector (Young et al., 2014). The program has two
components: a two week geological field school held in the
spring with Dalhousie University for third-year undergraduate geology students and summer work experience with
the CNGO. This program has already provided opportunities for ten young Inuit Nunavut Arctic College students
(two in 2013, five in 2014 and three in 2015) and has also
included participation from northerners from Yukon. This
program was not run in 2016 or 2017; discussions are being
held to restart this program likely for fieldwork in 2019.

Economic considerations
Geoscience research and projects in Nunavut—and the
data collected from such research—increases the overall
level of knowledge of Nunavut’s geology and mineral potential. This increased understanding of the land enables all
stakeholders to make informed, evidence-based decisions
about responsible natural-resource development and landuse planning. Such knowledgeable decision-making will
promote sustainable and responsible economic development and strengthen the territory’s economy through
responsible natural-resource development.

Conclusions
The CNGO, established in 1999, has evolved into an office
that produces high-quality, relevant and applied research
and publishes results in a timely manner through its annual
Summary of Activities. As one industry representative said,
“the work that the little CNGO office has done during the
past few years has been exceptional”. The type of work that
the CNGO and its many collaborators have been able to
achieve and sustain, both through core mandate work and
additional ‘value-added’ research, has proven that the Canada-Nunavut Geoscience Office is a successful partnership.
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knowledge of geoscience in Nunavut. A review of this
manuscript was provided by D. Mate.
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