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Foreword

The Canada-Nunavut Geoscience Office (CNGO), established in September 1999 following the creation of Nunavut,
serves as Nunavut’s de facto geological survey. Based in Iqaluit, Nunavut, the office comprises six professional staff with
expertise in Precambrian, Paleozoic and Quaternary geology, GIS and online geoscience-data dissemination.

My predecessor, David Mate, was the third Chief Geologist (2010–2014) with the CNGO. David initiated the Summary of

Activities volume in 2012. I am pleased to be introducing the seventh Summary of Activities edition in the series; this publi-
cation’s successful annual release is a highlight for our office.

The CNGO is co-funded 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 Crown-Indigenous
Relations and Northern Affairs Canada (CIRNAC). An operating agreement outlines and governs the operational and fund-
ing context provided to the CNGO; recently, this agreement was renewed until 2023. A CNGO Management Board, with a
representative from each of the three partners and an ex officio representative from Nunavut Tunngavik Inc. (NTI),
provides operational oversight for the office.

The office seeks project funding from other sources, principally Strategic Investments in Northern Economic Development
(SINED) funding from the Canadian Northern Economic Development Agency (CanNor). The CNGO has conducted con-
siderable research under these SINED agreements. There have been four agreements, 2004–2009, 2009–2014, 2014–2016
and 2016–2018, and a fifth agreement was announced recently for 2018 and beyond.

The CNGO’s mandate is to provide accessible geoscience information and expertise in Nunavut to support responsible re-
source exploration and development; responsible infrastructure development; geoscience-capacity building; and
geoscience education, training and awareness. The CNGO initiates and conducts a wide range of geoscience research, in-
volving mapping, interpreting and reporting on the geological features and resources of Nunavut, that is commonly carried
out through collaborations with other governments, universities, industry and communities. The resultant data and interpre-
tations aim to assist northerners by ensuring that new geoscience information is equally accessible for all so that stake-
holders in Nunavut can make informed decisions for the future on such issues as land use and infrastructure development.

The CNGO and its office partners co-manage and disseminate data through two websites (http://cngo.ca/ and http://
NunavutGeoscience.ca/). Work to migrate a portion of the services behind NunavutGeoscience.ca to a new platform and
software (AWS) continued in 2018. The Summary of Activities volumes and the accompanying Geoscience Data Series also
disseminate data. This information base includes results of geological mapping (bedrock and surficial), analytical results
from sampling (rock, till, soil, lake sediment and stream sediment), and reports and publications from the CNGO.

Detailed papers—13 in total—with preliminary observations and interpretations are included in this Summary of Activities

2018 volume (also available for download at http://cngo.ca/). Eleven papers discuss results from Regional Geoscience
Mapping research, and two papers discuss Geoscience for Infrastructure activities.

Natural Resources Canada and the CNGO continued to complete research from the Tehery-Wager geoscience mapping ac-
tivity (2015–2019). No fieldwork occurred in 2018, but two graduate theses are continuing: H. Steenkamp, CNGO, Ph.D.
candidate, Université Laval; and I. Therriault, M.Sc. candidate, The University of British Columbia–Okanagan. Therriault
et al. report on work to determine the geochronological constraints on deformation in the Wager shear zone.

The Kilohigok Basin in the western Kitikmeot region has been the subject of a few field-mapping campaigns in the past. In
2017, researchers from Laurentian University studied the depositional settings of the Kilohigok Basin’s early developmen-
tal stages, and the paper by Michel and Ielpi discusses some of the results.

Mapping led by the Geological Survey of Canada (GSC; Saumur et al.) provides an improved understanding of the geology
of northern Baffin Island and the assembly of tectonic plates in the eastern Canadian Arctic.

The CNGO identified and started, in 2017, a multiyear and multifaceted project concentrating on the northwestern portion
of Baffin Island. The collaborative Fury and Hecla Geoscience Project is led by the CNGO in collaboration with
geoscientists from three universities. Four components made up the 2018 summer field program: bedrock mapping, Paleo-
zoic stratigraphic studies, thematic research and surficial mapping. Six papers (Steenkamp et al., Bovingdon, Patzke,
Greenman et al., Zhang, and Tremblay) discuss results from the various components of the overall project.
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Berg et al. discuss microbial mats and microfossils that are preserved in 1.0 billion-year-old rocks on northern Baffin Island.
The central Baffin Island area, underlain by Paleoproterozoic supracrustal rocks of the Piling Group and Archean basement
rocks, has long been an area of interest for mineral exploration. Numerous lake-bottom samples collected in this area de-
cades ago were reanalyzed in 2018 by the GSC and CNGO (McNeil et al.) to encourage and assist future exploration.

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. Deering et al. report on some of this continuing work within inner Frobisher Bay to characterize the seabed and
postglacial sediments using the GN’s RV Nuliajuk. Permafrost is an important feature and component of the landscape in the
western Hudson Bay area. In 2018, NRCan-GSC scientists continued an existing permafrost study near Rankin Inlet. An
examination of the performance of an unmanned aerial vehicle (UAV) to further these studies is presented by Oldenborger
et al.

I am proud of the work carried out annually by scientists of the CNGO and our partners and collaborators form other organi-
zations. I am sure everyone who reads these papers will share in this pride of the high-quality research presented in this vol-
ume.
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Préface

Le Bureau géoscientifique Canada-Nunavut (BGCN), établi en 1999 dans la foulée de la fondation du Nunavut, est de fait
l’organisme officiel responsable des levés géologiques au Nunavut. Le bureau, situé à Iqaluit, au Nunavut, compte six
employés dont les compétences professionnelles portent sur la géologie du Précambrien, du Paléozoïque et du Quaternaire,
ainsi que sur les systèmes d’information géographiques et la diffusion de données géoscientifiques en ligne.

Mon prédécesseur, David Mate, fut le troisième géologue en chef (2010–2014) du BGCN. C’est lui qui a eu l’idée de publier
le volume Summary of Activities en 2012. Il me fait plaisir de présenter la septième édition de ce volume; la mise en circula-
tion de cette publication chaque année est un fait saillant que notre bureau aime souligner. Le BGCN est subventionné et
géré à la fois par Ressources naturelles Canada–Secteur des terres et des minéraux (RNCan-STM), le Ministère du
Développement économique et du transport du Gouvernement du Nunavut (GN-DET) et Relations Couronne-Autochtones
et Affaires du Nord Canada (RCAANC). Un accord d’exploitation définit et régit les conditions liées au financement et au
fonctionnement du BGCN; cet accord a récemment été renouvelé jusqu’en 2023. Des représentants de ces trois organismes,
ainsi qu’un représentant de la société Nunavut Tunngavik Inc. (NTI) nommé à titre de membre d’office, siègent au Conseil
d’administration du BGCN; ensemble ils sont responsables de la surveillance des activités opérationnelles du bureau.

Le bureau reçoit du financement pour ses projets de différentes sources, dont une des principales lui provient par le biais du
programme Investissements stratégiques dans le développement économique du Nord (ISDEN) dirigé par l’Agence
canadienne de développement économique du Nord (CanNor). Le BGCN a accompli des efforts de recherche considérables
en vertu de ces ententes avec l’ISDEN. Jusqu’à date, il y a eu quatre ententes, soit en 2004–2009, 2009–2014, 2014–2016 et
2016–2018, et la mise en place de la cinquième couvrant la période de 2017 et au-delà vient récemment d’être annoncée.

Le mandat du BGCN est d’assurer l’accès à des renseignements et à de l’expertise de nature géoscientifique au Nunavut
dans le but d’appuyer les travaux visant la poursuite de l’exploitation et de la mise en valeur responsables des ressources; du
développement responsable de l’infrastructure; du renforcement des capacités géoscientifiques; et de la mise en place de
programmes d’éducation, de formation et de sensibilisation du public en matière de géosciences. Pour ce faire, le BGCN
procède à la réalisation d’une vaste gamme d’études géoscientifiques, lesquelles exigent que les chercheurs dressent des
cartes, interprètent et consignent leurs observations au sujet des caractéristiques géologiques et des ressources du Nunavut,
souvent en collaboration avec d’autres ministères gouvernementaux, des universités, le secteur industriel et des
collectivités comme telles. Les données et interprétations qui en résultent ont pour objet d’aider les habitants du Nord en
assurant l’égalité d’accès aux nouveaux renseignements de nature géoscientifique afin que tous les intervenants au Nunavut
soient en mesure de prendre des décisions éclairées en matière d’utilisation des terres et du développement des infrastruc-
tures à l’avenir.

Le BGCN et ses partenaires gèrent en commun deux sites Web (http://cngo.ca/ et http://NunavutGeoscience.ca/) grâce
auxquels ils peuvent diffuser des données. Les travaux en vue de transférer une partie des services à l’appui du site
NunavutGeoscience.ca vers une nouvelle plateforme et un nouveau logiciel (AWS) sont en cours et se sont poursuivis en
2018. Les volumes Summary of Activities et la Série des données géoscientifiques permettent également la diffusion de
données. Cette base d’information comprend des résultats de travaux de cartographie géologique (géologie du substrat
rocheux et de surface), d’analyses effectuées sur des échantillons (roche, till, sol, sédiments lacustres et fluviatiles), ainsi
que des rapports et des publications du BGCN.

La présente édition du volume regroupe au total 13 articles comportant des observations et des interprétations préliminaires
qui peuvent également être téléchargés depuis le http://cngo.ca/. Onze de ces articles portent sur des résultats provenant de
recherches menées sous l’égide de l’activité consacrée à la cartographie géoscientifique régionale et les deux autres font état
d’activités menées dans le cadre d’études géoscientifiques liées à l’infrastructure.

Ressources naturelles Canada et le BGCN ont poursuivi des recherches entreprises dans le cadre de l’activité de
cartographie géoscientifique de la région du lac Tehery et de la baie Wager (2015–2019). Bien qu’aucun travail sur le terrain
n’ait eu lieu, deux étudiants gradués achèvent la rédaction de leurs thèses : H. Steenkamp, BGCN, candidate au doctorat à
l’Université Laval et I. Therriault, candidate à la maîtrise à The University of British Columbia–Okanagan. L’article de
Therriault et collab. fait état des travaux entrepris en vue d’identifier les contraintes géochronologiques associées à la
déformation dans la zone de cisaillement Wager.

Le bassin de Kilohigok, dans la partie ouest de la région de Kitikmeot, a déjà fait l’objet de quelques campagnes de
cartographie sur le terrain. En 2017, des chercheurs de l’Université Laurentienne ont étudié les milieux de sédimentation
associés au bassin de Kilohigok aux étapes précoces de son développement et certains des résultats obtenus sont présentés
dans l’article soumis par Michel et Ielpi.
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Des travaux de cartographie réalisés par la Commission géologique du Canada (CGC; Saumur et collab.) permettent de
mieux comprendre la géologie de la partie nord de l’île de Baffin et l’assemblage tectonique de l’est de l’Arctique canadien.
En 2017, le BGCN a identifié et amorcé un projet pluriannuel à volets multiples axé sur la partie nord-ouest de l’île de
Baffin. Le Projet de géosciences de Fury and Hecla, dirigé par le BGCN, regroupe des collaborateurs provenant de
départements géoscientifiques de trois universités. Le programme de travaux sur le terrain au cours de l’été de 2017 a
comporté quatre composantes : la cartographie du substrat rocheux, des études stratigraphiques du Paléozoïques, des
recherches thématiques et la cartographie de surface. Six articles (Steenkamp et collab., Bovingdon, Patzke, Greenman et
collab., Zhang, et Tremblay) présentent les résultats obtenus à la suite des recherches entreprises dans le cadre des diverses
composantes du projet.

Berg et collab. décrivent les mattes microbiennes et les microfossiles conservés dans les roches, vieilles de plus d’un mil-
liard d’années, du nord de l’île de Baffin. La région centrale de l’île de Baffin, qui repose sur des roches supracrustales du
Paléozoïque appartenant au groupe de Piling ainsi que sur des roches du socle rocheux d’âge archéen, a longtemps été une
zone d’intérêt en matière d’exploration minérale. En 2018, de nombreux échantillons de fond lacustre recueillis dans cette
région il y a déjà plusieurs dizaines d’années ont été soumis à de nouvelles analyses par la CGC et le BGCN (McNeil et
collab.) en vue d’encourager et de faciliter les activités d’exploration dans la région.

Le BGCN collabore avec plusieurs partenaires, soit RNCan (CGC-Ottawa et CGC-Atlantique), des universités, ArcticNet
et le Ministère de l’Environnement du Gouvernement du Nunavut, afin de mener des recherches dans le cadre des activités
géoscientifiques liées à l’infrastructure. Deering et collab. font état des travaux qu’ils poursuivent dans la région de
l’arrière-baie de Frobisher en vue d’identifier les caractéristiques du fond marin et des sédiments postglaciaires au moyen
de données recueillies par le RV Nuliajuk appartenant au Gouvernement du Nunavut. Le pergélisol est un important élément
et une caractéristique du paysage dans la région ouest de la baie d’Hudson. En 2018, des scientifiques de RNCan-CGC ont
poursuivi leurs recherches dans le cadre d’une étude en cours portant sur le pergélisol dans la région de Rankin Inlet. Une
évaluation du rendement d’un véhicule aérien sans pilote utilisé afin de faire progresser cette étude est présentée dans
l’article de Oldenborger et collab.

Je suis fière du travail accompli chaque année aussi bien par les scientifiques du BGCN que par ses partenaires et
collaborateurs provenant d’autres organismes. Je suis certaine que tous et chacun sauront partager ma fierté en lisant le
compte-rendu de la recherche de haute qualité présenté dans ce volume.
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Geochronological constraints on deformation in the Wager shear zone,
northwestern Hudson Bay, Nunavut
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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 Ca-
nadian universities (Dalhousie University, The University of British Columbia–Okanagan, Université Laval, University of New Bruns-
wick 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, indus-
trial minerals, carving stone and aggregates. This activity also aims to assist northerners by providing geoscience training to college stu-
dents, and by ensuring that the new geoscience information is accessible for making land-use decisions in the future.

Therriault, I., Steenkamp, H.M., Larson, K.P. and Cottle, J.M. 2018: Geochronological constraints on deformation in the Wager shear
zone, northwestern Hudson Bay, Nunavut; in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 1–14.

Abstract

The Wager shear zone (WSZ) is a major east- or west-trending zone of high strain located on the northwestern coast of Hud-
son Bay. New geological mapping was conducted along the structure during the summer of 2017 as part of a project that
aims to better constrain the timing, duration and kinematics of the deformational events recorded by the WSZ and to inter-
pret these events in a regional geological context. Asuite of granitoid samples was collected from rocks variably affected by
the WSZ for U-Pb zircon geochronology to place constraints on the timing of deformation. This paper presents the prelimi-
nary results for five of these samples, which range in age between 1895 and 1826 Ma, and indicate that the WSZ was ac-
tively deforming, at least locally, at ca. 1835–1826 Ma, coeval with peak Hudsonian-age plutonism in the region.

Résumé

La zone de cisaillement de Wager est une zone de déformation intense à direction est ou ouest, qui est située sur la côte nord-
ouest de la baie d’Hudson. Des travaux de cartographie ont été menés dans cette région au cours de l’été de 2017 dans le
cadre d’un projet dont l’objet était de permettre la détermination de l’évolution, de la durée et de la cinématique
caractérisant les épisodes de déformation qui ont touché la zone de cisaillement de Wager et d’interpréter ces événements en
fonction du contexte géologique régional. Des échantillons de roches granitoïdes ayant subi de façon variable les effets de la
déformation à l’œuvre dans la zone de cisaillement ont été recueillis; les résultats obtenus de l’analyse géochronologique U-
Pb sur zircons provenant de ces échantillons aideront à mieux circonscrire la durée de la déformation. Le présent rapport fait
état des résultats préliminaires de l’analyse de cinq échantillons, dont l’âge varie de 1895 à 1825 Ma; ils indiquent que la
déformation responsable de la formation de la zone de cisaillement de Wager était active, tout au moins dans cette région, il y
a environ 1835 à 1826 Ma, ce qui coïnciderait avec la période au cours de laquelle l’activité plutonique d’âge hudsonien
aurait atteint son paroxysme.

Introduction

The Wager shear zone (WSZ), located in the Kivalliq Re-
gion of Nunavut, is a discrete zone of high strain that ex-
tends approximately 450 km west from Southampton Is-
land across Roes Welcome Sound, along the south coast of

Wager Bay and farther inland to the west (Figure 1; Hender-
son and Broome, 1990). It was briefly examined during a
reconnaissance-scale mapping campaign carried out in the
1960s (Heywood, 1967a, b) and further characterized
through targeted mapping and U-Pb geochronology work
conducted in the late 1980s and early 1990s (Henderson et

Summary of Activities 2018 1

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/2018/.
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al., 1986; Derome, 1988; Henderson and Broome, 1990; Hen-
derson and Roddick, 1990; Henderson et al., 1991). This
original work was concentrated on the portion of the WSZ
located along the south coast of Wager Bay (referred to
herein as the eastern segment; Figure 2), but no further in-
vestigation regarding the overall timing and kinematics
along the more westerly, inland portion of the structure has
been conducted.

More recently, a multiyear mapping campaign was carried
out in the Tehery Lake–Wager Bay region by the Canada-
Nunavut Geoscience Office and the Geological Survey of
Canada to fill a number of gaps in the geoscience know-
ledge of the area. Specific topics of focus included litholog-
ical mapping and metamorphism (Steenkamp et al., 2015,
2016), and the structural evolution of the Chesterfield shear
zone (Wodicka et al., 2015, 2016, 2017). As part of this
work, the WSZ was targeted during new geological map-
ping in the summer of 2017, with traverses made across the
central segment and the western portion of the eastern seg-
ment of the structure (Figure 2). Lithological and structural
data were recorded, and a suite of representative samples
was collected to help further define and characterize the ki-
nematic and temporal evolution of the shear zone through
subsequent laboratory, petrographic, microstructural and
geochronological analyses. A summary of field observa-
tions and initial findings from the 2017 mapping campaign,
as well as a more detailed review of historical work, is pre-
sented in last year’s Summary of Activities volume (Ther-
riault et al., 2017). The present contribution includes a brief
overview of the geological setting of the WSZ, with a focus
on Paleoproterozoic plutonism in the northwestern Hudson
Bay region. New preliminary U-Pb zircon geochronology
results from granitic samples collected during the 2017
field season are presented, and the implications of these
new age data for the timing of movement along the WSZ
and potential regional correlations are considered.

Geological setting

The northwestern Hudson Bay region is underlain by the
western Churchill Province (WCP), which comprises the
fault-separated Rae and Hearne domains, and the Chester-
field block (Figure 1; Hoffman 1988; Mahan and Williams,
2005; Berman et al., 2007; Regan et al., 2017). While the
WCP records a protracted history of igneous activity, meta-
morphism and deformation extending back into the Archean,
the most recent tectonometamorphic event to affect these
rocks is related to the 1.92–1.80 Ga Trans-Hudson Orogen
(THO; Corrigan et al., 2009), which developed as a result
of the collision between the Superior plate (to the south)
and the WCP (to the north). The roots of this Himalayan-
scale mountain belt are now exposed from Greenland,
though the Arctic and central Canada, and across the central
United States (Hoffman, 1988; St-Onge et al., 2006; Corri-
gan et al., 2009).

The area surrounding Wager Bay and the WSZ is underlain
by Archean and Proterozoic orthogneiss, paragneiss and
plutonic rocks within the Rae domain (Hoffman, 1988;
Skulski et al., 2003; LaFlamme et al., 2014; Sanborn-Barrie
et al., 2014a, b; Steenkamp et al., 2015, 2016; Wodicka et
al., 2015, 2016). It is intruded by an extensive suite of Pro-
terozoic plutonic rocks: the 1845–1795 Ma Hudson suite
granitoid rocks (Peterson and van Breemen, 1999; van Bree-
men et al., 2005). To date, no granitic rocks or mafic dykes
of the younger Kivalliq suite (ca. 1765–1750 Ma: Peterson
et al., 2015) have been identified near Wager Bay.

Hudson suite granitoid rocks are typically medium-
grained, equigranular, xenocrystic, calcalkaline, slightly
peraluminous, monzogranitic (quartz monzonite to grano-
diorite) intrusive rocks (Peterson and van Breemen, 1999;
Peterson et al., 2002; van Breemen et al., 2005). They con-
tain similar amounts of plagioclase and alkali feldspar,
abundant magnetite, moderate titanite, sparse biotite and
rare garnet, and can be myrmekitic (Peterson and van
Breemen, 1999; Peterson et al., 2002). Contacts are gener-
ally transitional and partially concordant with the hostrock.
Although the granites are mostly undeformed, their mar-
gins often display an inherited foliation defined by aligned
biotite and locally contain partially assimilated wallrock in
the form of narrow enclaves (Peterson and van Breemen,
1999; Peterson et al., 2002; van Breemen et al., 2005). They
typically display highly fractionated REE patterns with low
Y and HREE, and modest Eu anomalies (Peterson and van
Breemen, 1999; Peterson et al., 2002; van Breemen et al.,
2005; Peterson et al., 2015), and are thought to reflect ana-
texis of lower- to middle-crustal rocks following crustal
thickening in the collisional hinterland of the THO (Peter-
son et al., 2002). A major episode of Hudson suite pluton-
ism is concentrated at ca. 1830 Ma (Peterson et al., 2002;
van Breemen et al., 2005), coeval with the terminal colli-
sion between the WCP and Superior craton (Orrell et al.,
1999; Corrigan et al., 2009), as well as the brittle indenta-
tion of the Slave craton into the Thelon tectonic zone and
Rae domain along the Bathurst and MacDonald faults
(Henderson et al., 1990; Culshaw, 1991) and the collision
between the Hottah terrane and the Slave craton (Hoffman,
1988).

The Hudson suite granitoid rocks were emplaced near their
source regions as sheets and plugs, at midcrustal levels (4–
5 kbar); larger bodies are associated with regional magnetic
anomalies, but smaller and thinner sill-like intrusions have
low magnetic signatures (Peterson and van Breemen, 1999;
Peterson et al., 2002; van Breemen et al., 2005). The
plutons appear to have been emplaced along pre- to
synmagmatic structures with a northeast-southwest elon-
gation trend, consistent with orogen-normal shortening and
tectonic escape along dextral shear zones, such as the
transtensional dextral-normal Tyrrell shear zone (1815–
1811 Ma; Relf et al., 1999; MacLachlan et al., 2005), the

4 Canada-Nunavut Geoscience Office
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Figure 3: Photographs of field relationships for samples in this study (hammer for scale in photos a, c, d, e, f and g is 39 cm long): a) Base
Camp granite outcrop, 16WGA-M047A01; b) massive to weakly foliated monzogranite portion of the Base Camp granite, 16WGA-
M047A01; c) foliated granite intrusion mapped as the margin of the Base Camp granite, 17SUB-T004A01; d) C'-type shear band affecting a
pegmatite dyke, indicating dextral shear in a high-strain portion of the WSZ, with a later discordant dyke in the top-right corner of the image
(outlined by dashed white lines), 17SUB-T015B01; e) deflection of foliation (solid white lines) around a partially crosscutting pegmatite
dyke (outlined by dashed white lines) that itself is deformed, 17SUB-T035B01; f) granitic intrusion northeast of 17SUB-T083A01 sample
site; g) sample location for 17SUB-T083A01 in a massive portion of the intrusion, away from the contact with the granodiorite host.



1850–1750 Ma dextral, oblique-slip Amer mylonite zone
(Figure 1; Berman et al., 2010) and the ca. 1.79 Ga Walker
Lake shear zone (Johnstone et al., 2002; Berman et al.,
2010). These shear zones are all oriented east to northeast
and were active deformational zones during plutonism (Pe-
terson et al., 2002; MacLachlan et al., 2005; Berman et al.,
2010).

Wager shear zone

The WSZ is characterized by a steep, east- or west-striking
foliation, a subhorizontal mineral-stretching lineation and
abundant dextral shear-sense indicators. At the micro-
scopic scale, oriented thin sections cut parallel to the
lineation and normal to the foliation are commonly charac-
terized by monomineralic quartz ribbons in a quartzofeld-
spathic matrix that includes varying amounts of amphibole
and biotite, and trace apatite, titanite and garnet. Shear-
sense indicators in thin section, including mantled feldspar
porphyroclasts and shear bands, are rare but, where pres-
ent, are consistent with dextral-sense shearing.

Hudsonian-age granitoid rocks in the Wager Bay
area

Plutons near Wager Bay are broadly similar in age to those
from the Hudson suite but tend to be larger, deeper, com-
posite intrusions with a substantial dioritic component. In
general, they comprise coarse-grained granite to monzo-
diorite, with feldspar compositions that are more potassic
than typical Hudson suite granitoid rocks. Moreover, they
do not cluster with Hudson suite rocks on Y-Zr and Th-U
plots (Peterson and van Breemen, 1999; Peterson et al.,
2002). Four U-Pb zircon–based ages have been reported
for Hudsonian-age granitoid rocks in the Wager Bay area;
they range from 1826 +4/–3 Ma to 1808 ±2 Ma (LeChem-
inant et al., 1987; Henderson and Roddick, 1990; Skulski et
al., 2003; van Breemen et al., 2005).

The youngest reported age comes from the Base Camp
granite, a calcalkaline granitic plutonic body in the study
area. A sample from an undeformed portion of this intru-
sion yielded a U-Pb crystallization age of 1808 ±2 Ma using
the isotope dilution–thermal ionization mass spectrometry
(ID-TIMS) geochronology method (Figure 2; Henderson
and Roddick, 1990). The southern margin of the pluton is
interpreted to both be deformed within the WSZ
(Henderson and Roddick, 1990) and intrude sheared gneiss
on the margin of the shear zone, as concordant wedges with
a massive texture (Jefferson et al., 1991).

The composite Ford Lake batholith (or plutonic complex),
which is located northwest of Wager Bay (Figure 1), yielded
indistinguishable U-Pb crystallization ages of 1823 ±3 Ma
for a titanite-biotite monzogranite and 1826 +4/–3 Ma for a
coarse-grained biotite syenogranite, also using the ID-
TIMS method (LeCheminant et al., 1987). The batholith
was interpreted at the time to have intruded a continental

magmatic-arc setting during a major episode of magma
generation that was coeval with the late stages of regional
metamorphism (LeCheminant et al., 1987). In contrast with
the plutons located southwest of Wager Bay, preliminary
data from the Ford Lake batholith did not show evidence of
inherited Pb from an Archean source, which led LeChem-
inant et al. (1987) to argue that the source materials for
early Proterozoic magmatism were different on the north
and south sides of the WSZ.

Hudsonian-age granitoid dykes and small plugs cut the
2610 Ma Walker Lake intrusive complex, which is part of
the Committee Bay supracrustal belt and is located north of
the Ford Lake batholith and Amer mylonite zone (Figure 1;
Skulski et al., 2002, 2003). The U-Pb crystallization age of
these bodies comes from an undeformed biotite-, magne-
tite- and fluorite-bearing monzogranite dated at 1821
±5 Ma using the sensitive high-resolution ion microprobe
(SHRIMP) geochronology method (Skulski et al., 2003).

Analytical methods

Samples of pre- and synkinematic granitoid intrusions
(Figure 3) were collected during the summer of 2017 from
several locations to better constrain the timing of shearing
along the WSZ through U-Pb zircon geochronology. Sam-
ple descriptions are included in the ‘Results’ section; loca-
tions, along with brief sample descriptions, are shown in
Figure 2.

Sample preparation was performed by Overburden Drilling
Management Limited. Rock-sample fragments were bro-
ken down using electronic-pulse disaggregation, which
separates mineral components along grain boundaries with
minimal physical abrasion. Heavy-mineral concentrates
were separated from lighter minerals using heavy-liquid
separation (methylene iodide [MEI], >3.3 g/mL). The con-
centrates were then sorted by magnetic susceptibility using
a Frantz isodynamic separator, with zircon grains domin-
antly isolated into one nonmagnetic fraction.

The zircon concentrates were sent to the University of Cali-
fornia–Santa Barbara, where they were mounted in epoxy
and imaged using cathodoluminescence (CL) to guide la-
ser-beam placement during analyses. Unfortunately, due to
the inadvertent presence of apatite grains in the mounts (a
relatively bright phase under CL), zircon morphology and
growth-zoning textures could not be resolved in most CL
images and are therefore not included in this contribution.
Instead, backscattered-electron (BSE) images of represen-
tative zircons acquired with a scanning electron micro-
scope (SEM) at The University of British Columbia–
Okanagan (UBCO) are presented for each sample in Fig-
ure 4. Analyses of U and Pb isotopes were conducted using
laser-ablation multicollector inductively coupled plasma–
mass spectrometry, following the methodologies of Cottle

6 Canada-Nunavut Geoscience Office



et al. (2012, 2013). Where zoning was present, zircon rims
were targeted for analysis.

IsoplotR (Vermeesch, 2018) was used to generate con-
cordia plots of the resulting data and calculate weighted-
mean ages, discordia intercepts and other statistics (Fig-
ure 5). Weighted averages, where reported, were calculated
from analyses that have more than 95% concordance and
are based on a minimum of eight analyses that are close to a
mean square of weighted deviates (MSWD) of 1.0 (Wendt
and Carl, 1991). All uncertainties are reported at the 1σ
level. No common-Pb corrections were applied.

Results

16WGA-M047A01

This sample comes from the centre of the Base Camp gran-
ite intrusion (Figure 3a), close to the reported collection lo-
cation for the sample previously dated by Henderson and
Roddick (1990). It is a massive to weakly foliated, me-
dium-grained monzogranite that contains biotite and mag-
netite (Figure 3b). Zircon grains vary in shape and size (50–
200 ìm) but are generally euhedral and have few inclusions
and some fractures. Faint growth-zoning is preserved in
many zircons as core and rim domains in BSE images (Fig-
ure 4a). Most of the analyses cluster into a single group
along concordia, with only a few data points being strongly
discordant (Figure 5a). Considering only the analyses that
form part of the main cluster, the data yield a weighted-
mean 206Pb/238U age of 1837 ±7 Ma (MSWD = 1.10; n =
16). The range of U concentrations from the 16 analyses

used to constrain the age of the sample varies between
27 and 1008 ppm, and Th/U ratios range between 0.021
and 1.880.

17SUB-T004A01

This sample was collected at the apparent southern margin
of the Base Camp granite near its contact with the host
mylonitic granodiorite. At the sampling location, the gran-
ite is medium grained, biotite rich and locally foliated (Fig-
ure 3c). Zircon grains are euhedral, have rare inclusions or
fractures and are up to 100 ìm long. The BSE images reveal
prominent concentric growth-zoning in several of the
larger grains (Figure 4b). The U-Pb analyses have a signifi-
cant spread, with a majority being discordant (Figure 5b).
Considering only those analyses that form part of the main
cluster of points, the data yield a weighted-mean 206Pb/238U
age of 1895 ±5 Ma (MSWD = 0.34, n = 8). Uranium con-
centrations for the eight analyses that form the weighted-
mean age range from 863 to 1990 ppm, while the Th/U
ratios range between 0.037 and 0.763.

17SUB-T015B01

Numerous granitic pegmatite dykes are present in the out-
crop from which this sample was collected; their contacts
with the hostrock are sharp and they occur at varying orien-
tations. Foliation-parallel dykes are deformed and cut by
dextral C'-type shear bands (Figure 3d), while those at
high-angles to the foliation cut these fabrics and the de-
formed dykes. Sample 17SUB-T015B01 is from a granitic
pegmatite dyke that cuts the strongly foliated and deformed
granodiorite hostrock in a high-strain portion of the WSZ

Summary of Activities 2018 7

Figure 4: Backscattered-electron (BSE) images of representative zircon grains (dark rimmed holes with light centres correspond to analy-
sis locations; darker minerals are apatite). a) several zircons showing faint zoning, 16WGA-M047A01; b) two representative zircons with
prominent zoning, 17SUB-T004A01; c) two representative, altered zircons, 17SUB-T015B01; d) two representative zircons with faint zon-
ing, 17SUB-T035B01; e) several zircons showing faint zoning, 17SUB-T083A01.
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Figure 5: Conventional concordia plots displaying U-Pb geochronology results for the five samples in this study, with close-up of analyses
used for age calculation (blue ellipses) and

206
Pb/

238
U weighted-mean age plots for each sample (in green) for a, b, d and e; c) discordia with

upper intercept. Abbreviations: MSWD, mean square of weighted deviates; ó, sigma (standard deviation).



(Figure 2). Zircon grains are 100–300 ìm long, have irreg-
ular grain margins but are otherwise euhedral, and contain
many inclusions and fractures. The BSE images reveal
patchy alteration of many grains and no preserved growth-
zoning (Figure 4c). Twenty analyses were carried out; how-
ever, 13 had anomalous U and Pb concentrations that did
not yield usable age data. Of the remaining seven analyses,
only one is concordant, while the other six outline a Pb-loss
chord with an upper intercept age of 1835 ±7 Ma (Fig-
ure 5c; MSWD = 5.7). Uranium concentrations for the
seven usable analyses range between 865 and 3514 ppm,
with the concordant analysis having 865 ppm U. The Th/U
ratio ranges from 0.033 to 0.769 for the seven analyses used
to calculate the upper-intercept age (0.033 for the only
concordant analysis).

17SUB-T035B01

This sample was collected from an outcrop in a low-strain
portion of the WSZ (Figure 2) where both dextral and
sinistral shear-sense indicators are present. It is from a gra-
nitic pegmatite dyke that has sharp contacts with the
granodiorite host; the foliation in the granodiorite deflects
around the pegmatite dyke (Figure 3e), yet the dyke itself is
not continuous. Zircons are 90–250 ìm long and have frac-
tures and inclusions concentrated at their cores. Concentric
growth-zoning is faint in BSE images, but thick, compos-
itionally homogeneous rims are clear in most of the grains
(Figure 4d). Concordant analyses form a cluster that yields
a weighted-mean 206Pb/238U age of 1826 ±6 Ma (Figure 5d;
MSWD = 0.82, n = 8). Uranium concentrations vary from
363 to 1617 ppm and the Th/U ratio range is 0.293–0.958
for the eight analyses used in the age calculation.

17SUB-T083A01

Sample 17SUB-T083A01 was taken from a medium- to
coarse-grained, massive to weakly foliated and strongly
magnetic granitic intrusion (Figure 3f, g). Although the
southern contact of the intrusion is parallel to the fabric of
the host granodiorite gneiss, the rock adjacent to the con-
tact, where the sample was collected, is undeformed. Zir-
con grains are subhedral to euhedral and 50–200 ìm long.
About half of the grains have fractured cores with few in-
clusions that correspond with concentric growth-zoning in
BSE images, while the other half are inclusion and fracture
free, and have faint compositional transitions from core to
rim domains in BSE images (Figure 4e). Thirteen concor-
dant analyses form a data cluster that yields a weighted-
mean 206Pb/238U age of 1837 ±6 Ma with an MSWD = 1.13
(Figure 5e). Uranium concentrations for the 13 analyses
that were used to calculate the age are 73–1040 ppm and the
Th/U ratios are 0.049–2.048.

Interpretation and discussion

Material from the Base Camp granite was previously dated
at 1808 ±2 Ma (Henderson and Roddick, 1990). The new
age of 1837 ±7 Ma for sample 16WGA-M047A01, col-
lected from the same mapped body, is older but still within
the typical range of Hudson suite granite crystallization
(1845–1795 Ma; Peterson and van Breemen, 1999). This
may indicate protracted crystallization of the Base Camp
granite or the existence of a Base Camp granite complex
with multiple intrusions. In a U versus Th concentration di-
agram of previously published geochemistry of the Hudson
suite (Figure 6), the data from this sample dominantly over-
lap with the Hudson NW field, with most points concen-
trated in the realm of Hudson suite granitoid rocks from the
Rae domain west of the Snowbird tectonic zone (van
Breemen et al., 2005).

Sample 17SUB-T004A01 was collected from the southern
extremity of the Base Camp granite that, as mapped, was in-
terpreted to have been deformed by the WSZ. The BSE im-
ages revealed very prominent zoning in most zircons, and
analyses of rims yielded the oldest reported weighted-mean
crystallization age of 1895 ±5 Ma, which is outside the typi-
cal age range for Hudson suite granite intrusions of 1845–
1795 Ma (Peterson and van Breemen, 1999). This date is
also significantly older than the ca. 1840 Ma age of sample
16WGA-M047A01 and the 1808 Ma age reported by
Henderson and Roddick (1990), which are likewise from
Base Camp granite material.

The disparity in ages could further support the existence of
a Base Camp granite complex and reflect a prolonged, mul-
tiple intrusion history in the region. Alternatively, it could
reflect an older episode of deformation coinciding with ex-
humation of high-pressure rocks in the Chesterfield Inlet
region at ca. 1.9 Ga (e.g., Sanborn-Barrie et al., 2001). An
inherited age component (e.g., van Breemen et al., 2005) is
possible but considered unlikely, as most reported inherited
material is generally older (between 2.72 and 2.65 Ga; van
Breemen et al., 2005) and the oldest 206Pb/238U age in this
study is 2393 Ma (which was excluded from the final
weighted-mean age calculation). In the U versus Th con-
centration diagram (Figure 6), all data points but one plot
within the Hudson SE granitoid field (van Breemen et al.,
2005) and do not overlap with analyses from the Base
Camp granite, indicating that sample 17SUB-T004A01
may have a unique magmatic source.

Sample 17SUB-T015B01 was collected from a granitic
pegmatite dyke that cuts the foliation in its granodiorite
host. As such, the 1835 ±7 Ma age of this sample appears to
constrain deformation in the outcrop to before 1835 Ma.
That apparent postkinematic constraint is at odds with an
overlapping synkinematic age of ca. 1826 ±6 Ma from sam-
ple 17SUB-T035B01. This sample was collected from a

Summary of Activities 2018 9



dyke that locally cuts the foliation but is itself cut at both
ends. Both ages are within error of peak Hudson suite
plutonism (ca. 1830 Ma; van Breemen et al., 2005) and are
contemporaneous with a previously published age of
1.83 Ga for the Wager pluton, which is interpreted to have
used the weakened, deforming rocks of the WSZ as a con-
duit for emplacement (Wodicka et al., 2016, 2017). The ap-
parent disparity in temporal constraints on deformation be-
tween 17SUB-T015B01 and 17SUB-T035B01 may reflect
the resolution of the age data or, perhaps, local strain
partitioning within the WSZ.

Because the data are mostly discordant, only the one con-
cordant analysis (865 ppm U and Th/U ratio of 0.033) from
17SUB-T015B01 was plotted on Figure 6. falling just out-
side (to the left) of the suggested Hudson SE field and close
to the Ford Lake batholith field. However, more data are re-
quired to better establish an affinity to either the Hudson SE
or the Ford Lake batholith field. On the U versus Th graph
(Figure 6), the data for 17SUB-T035B01 plot on the edge
of the field for the Hudson NW granitoid rocks and form a
separate cluster from samples 16WGA-M047A01 and
17SUB-T083A01.

Sample 17SUB-T083A01 is within the typical age range
for Hudson suite granitic rocks. Moreover, field character-
istics and Th/U affinities indicate a probable genetic rela-

tionship to the Base Camp granite (16WGA-M047A01)
and the Hudson NW granitoid rocks (Figure 6; van Bree-
men et al., 2005).

Economic considerations

Prior to establishment of Ukkusiksalik National Park (Fig-
ure 1), Jefferson et al. (1991) conducted an evaluation of
the economic potential of the area surrounding Wager Bay,
extending north to Naujaat and east to Southampton Island.
Along the WSZ, two samples showed low-level Zn anoma-
lies, and Jefferson et al. (1991) noted the potential for
dilatant zones related to later brittle faulting east of the
Paliak Islands (Figure 2) to host uranium or gold. As part of
this project, QEMSCAN (Quantitative Evaluation of Min-
erals by SCANning electron microscopy) analyses were
performed on 12 thin sections, three of which contained
trace amounts of gold: two at 0.001 wt. % and one at
0.005 wt. %. The latter comes from a sample in a high-strain
portion of the WSZ and is associated with pyrite.

Conclusions and future work

The U-Pb geochronology results from samples 17SUB-
T015B01 and 17SUB-T035B01, presented herein, indicate
that the WSZ was actively deforming, at least locally, at ca.
1835–1826 Ma. The samples are correlative in age with
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Figure 6: Uranium and Th concentrations and Th/U ratios (after van Breemen et al., 2005) for samples in this
study plotted against the Hudson NW and SE granitoid rocks (polygons outlined in black; granitoid rocks occur-
ring west of the Snowbird tectonic zone are outlined by grey dashed lines, data from van Breemen et al., 2005),
and the Ford Lake batholith (outlined by orange dashed lines, data from LeCheminant et al., 1987).



peak Hudsonian plutonism, and the majority of zircon anal-
yses from 17SUB-T035B01 show an affinity with zircon U
versus Th and Th/U ratio chemistries measured in Hudson
NW granitoid rocks (Figure 6; van Breemen et al., 2005).

The undeformed 16WGA-M047A01 and 17SUB-T083A01
samples were taken from larger, Hudsonian-age intrusions
with weighted-mean crystallization ages at ca. 1837 Ma.
Their zircon U and Th concentrations are similar to previ-
ous reports of Hudson NW granitoid rocks (Figure 5; Peter-
son and van Breemen, 1999; Peterson et al., 2002; van
Breemen et al., 2005).

Two additional samples collected during the summer of
2017 have yet to be analyzed and may provide tighter tem-
poral constraints on the duration of deformation along the
structure. These preliminary geochronological constraints
will be combined with petrology, microstructural analyses
and in situ titanite geochronology analyses to answer the re-
maining questions related to the timing, duration and kine-
matics of events recorded by the WSZ. Furthermore, results
and interpretations will be integrated with available struc-
tural and geochronological data from neighbouring areas,
leading to a better understanding of the Archean and
Paleoproterozoic evolution of the northwestern Hudson
Bay region.
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Sedimentology and stratigraphy of the Paleoproterozoic Kimerot Group
in Bear Creek Hills, Kilohigok Basin, western Nunavut
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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. Fieldwork was conducted in summer 2017 in the Bear Creek Hills area, located on the eastern
side of Kiluhiqtuq, Kitikmeot Region of Nunavut (Bathurst Inlet; NTS 76J). Objectives for this project are to investigate and better under-
stand the early stages of the Kilohigok Basin and the basin’s economical potential.

Michel, S. and Ielpi, A. 2018: Sedimentology and stratigraphy of the Paleoproterozoic Kimerot Group in Bear Creek Hills, Kilohigok Ba-
sin, western Nunavut; in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 15–28.

Abstract

During the 2017 field season, sedimentological and stratigraphic work was conducted within the Kilohigok Basin, located
in the Kitikmeot Region of Nunavut. The Kilohigok Basin has been the subject of a few previous field projects; however, its
lowermost stratigraphic interval—the Kimerot Group—has not so far been the focus of a detailed study. The Kimerot Group
nonconformably overlies metasedimentary rocks of the Archean Yellowknife Supergroup and is thought to represent the
rifting stage of a late Archean to Paleoproterozoic block (the Slave craton) prior to its amalgamation into Laurentia. The
Kimerot Group is divided into two intervals: a lower siliciclastic-dominated Kenyon Formation and an upper carbon-
ate-dominated Peg Formation. Facies associations that were identified are

• a fluvial succession composed of a basal conglomerate overlain by mature sandstone beds;

• a nearshore-marine succession composed of deltaic mouth bars transitioning into storm- and tide-influenced sandstone
and dolostone; and

• a shelf succession composed mainly of stromatolitic dolostone, interbedded with heterolithic sandstone and siltstone.

The purpose of this study is to provide an updated sedimentological and stratigraphic characterization of a Paleo-
proterozoic, mixed siliciclastic–carbonate coastal succession, and shed light on the depositional settings of the Kilohigok
Basin’s early developmental stages.

Résumé

Au cours de la campagne de terrain de 2017, des travaux de sédimentologie et de stratigraphie ont été menés dans le bassin
de Kilohigok, situé dans la région de Kitikmeot, au Nunavut. Le bassin de Kilohigok a déjà fait l’objet de quelques enquêtes
effectuées sur le terrain mais, jusqu’à date, aucune étude détaillée n’a porté sur son intervalle stratigraphique inférieur, soit
le groupe de Kimerot. Ce dernier repose en discordance sur les roches métasédimentaires du Supergroupe de Yellowknife
d’âge archéen et pourrait correspondre à un épisode de rifting, lequel aurait affecté un bloc (craton du Lac des Esclaves)
d’âge archéen tardif à protérozoïque et aurait eu lieu avant l’amalgamation du dit bloc à la Laurentie. Le groupe de Kimerot
est réparti en deux intervalles, soit un intervalle inférieur, ou formation de Kenyon, dans lequel prédominent les roches
silicoclastiques, et un intervalle supérieur, ou formation de Peg, caractérisé par la présence de roches carbonatées. Les asso-
ciations de faciès remarquées sont les suivantes :

• une succession fluviatile composée de conglomérat de base sur lequel repose des couches de grès matures;

• une succession marine littorale composée de barres d’embouchure qui passent progressivement à du grès et de la
dolomie mis en place sous l’influence des tempêtes ou des marées; et

• une succession de plateau composée principalement de dolomie stromatolitique interstratifiée avec du grès et du
siltstone hétérolithiques.
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La présente étude a pour objet de mettre à jour les caractéristiques sédimentologiques et stratigraphiques d’une succession
côtière de type à la fois silicoclastique et carbonaté d’âge paléoprotérozoïque, et de faire la lumière sur les contextes
sédimentaires en place au cours des étapes précoces de développement du bassin de Kilohigok.

Introduction

The Kilohigok Basin, situated in the northeastern portion of
the Slave Province of the Canadian Shield, represents one
of the oldest and most well-preserved Precambrian basins
in the Canadian Arctic (Figure 1; McCormick and
Grotzinger, 1992). The Kilohigok Basin overlies crystal-
line basement rocks of the Slave Province and is interpreted
to record rifting and convergence of Paleoproterozoic

cratonic blocks at 2.0–1.6 Ga (Grotzinger and McCormick,
1988). Due to its remoteness, only a few mapping and the-
matic fieldwork projects have been conducted in the area.

Previous work in the Kilohigok Basin includes its first
mapping by O’Neill (1924), followed by the descriptions of
the main stratigraphic units by Wright (1956, 1957),
Tremblay (1966, 1967, 1971) and Fraser and Tremblay
(1969). Hoffman (1973) interpreted the Kilohigok Basin as
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Figure 1: Geological sketch showing the stratigraphic groups mapped in the Kilohigok Basin. Modified from Campbell and Cecile (1976,
1979), Campbell (1979) and Ielpi et al. (2017b).



an aulacogen and Campbell and Cecile (1981) interpreted it
as a northwest-trending intracratonic basin formed as a
splay of an inferred aulacogen located to the north. Camp-
bell and Cecile (1976) completed a map of the entire basin
at 1:500 000 scale, which also targeted the sedimentology
of specific units (Cecile, 1976; Cecile and Campbell, 1977,
1978; Campbell, 1978; Campbell and Cecile, 1981). New
interpretations and data suggest that most of the basin’s
geological history is related to the crustal-scale conver-
gence recorded in the Thelon Tectonic Zone at the bound-
ary between the Slave and Rae cratons. This interpretation
was supported by Thompson and Ashton (1984), Thomp-
son et al. (1985), Tirrul (1985), Grotzinger and Gall (1986)
and Tirrul and Grotzinger (1990), who provided causal
links between the local structural framework and basin stra-
tigraphy. The Goulburn Supergroup consists of multiple
groups and formations representing the lower stratigraphic
units of the Kilohigok Basin (Figure 2). The lowermost
portion of the basin stratigraphy within the Goulburn
Supergroup represents a thin rift succession (i.e., the
Kimerot Group; Figures 1, 2), whereas most of the strata
accumulated afterward record the filling of a large foreland
basin (Bear Creek, Wolverine Group and Bathurst groups;
Figures 1, 2; Grotzinger and Gall, 1986).

Despite previous work, some portions of the basin stratig-
raphy remain poorly understood, such as the oldest, lower-
most, rift-related strata. Support from the Geological Sur-
vey of Canada’s Geo-mapping for Energy and Minerals
(GEM-2) initiative and the Canada-Nunavut Geoscience
Office (through the Canadian Northern Economic Devel-
opment Agency's Strategic Investments for Northern Eco-
nomic Development program) led to additional targeted
mapping and stratigraphic work in the northeastern portion
of the Kilohigok Basin from 2014 to 2017 (Ielpi and
Rainbird, 2015a, b; Ielpi et al., 2015; Rainbird and Ielpi,
2015; Ielpi and Rainbird, 2016; Ielpi et al., 2017a, b). In
particular, targeted fieldwork was conducted in July 2017
to better understand the stratigraphy and sedimentology of
the Kimerot Group at the type locality in Bear Creek Hills
(Figure 1). Preliminary results from the 2017 field season
have been presented in Ielpi et al. (2017b), who focused on
the potential for uranium mineralization at the contact be-
tween the Kimerot Group and the underlying basement
rock. In this paper, the authors present the results of ongo-
ing research derived from facies and petrographic analyses
of mixed siliciclastic–carbonate coastal deposits of the
Kimerot Group, and provide a more detailed sedimen-
tological framework on the initial evolutionary stages of
the Kilohigok Basin.

Geological setting

Three Paleoproterozoic sedimentary successions occur
along the flanks of the Slave craton: the Wopmay Orogen
on the northwest, the East Arm Basin on the south and the

Kilohigok Basin on the northeast. The Kilohigok Basin is
composed of sedimentary rocks of the Goulburn
Supergroup, which overlie crystalline rocks of the Archean
Slave Province (Figure 1). The Slave Province is a
4.02–2.55 Ga cratonic block (Slave craton) that encom-
passes 213 000 km2 of ancestral terranes, granitic rocks,
greenstone belts and metasedimentary cover (Padgham and
Fyson, 1992; Isachsen and Bowring, 1994).

The Kilohigok Basin (ca. 1.9 Ga) has a preserved surface
area of approximately 7000 km2, stretching from northwest
to southeast (Figure 1). The lowermost Goulburn
Supergroup is represented by the Kimerot Group (<2023
±3 Ma to >1967 ±5 Ma; Tirrul and Grotzinger, 1990),
which is interpreted to record the initial passive-margin de-
velopmental stage of the basin (Grotzinger and Gall, 1986;
Grotzinger and McCormick, 1988). Overlying the Kimerot
Group is the Bear Creek Group, which represents the later
foreland-basin developmental stage of the Kilohigok Ba-
sin. The Kimerot Group has a maximum thickness of 500 m
and comprises a 250 m thick siliciclastic-dominated unit
(the Kenyon Formation) and a 250 m thick carbonate-rich
unit (the Peg Formation; Grotzinger and Gall, 1986;
Grotzinger and McCormick, 1988; Grotzinger et al., 1989).
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Figure 2: Stratigraphy of the Goulburn Supergroup, Kilohigok Ba-
sin. Modified from Tirrul and Grotzinger (1990).



The section at Bear Creek Hills shows the entire Kimerot
Group succession, including both the Kenyon and Peg for-
mations.

Methods

This study is based on field observations complemented by
petrographic analyses. Field data collection was conducted
in July 2017 in Bear Creek Hills, which is located to the east
of Kiluhiqtuq (Figure 1; latitude 66°42’N, longitude
107°27’W). The studied section was accessed via float
plane and field traverses, and consists of a monocline with
regional bedding striking approximately 225° and dipping
15–35° to the southwest. Data collection consisted of strati-
graphic bed-by-bed logging, targeted rock sampling for
petrographic observations, making sedimentary facies ob-
servations and collecting paleocurrent indicators. Detailed
observations on rock lithologies, grain size and sedimen-
tary structures were also collected.

A total of 122 samples were taken throughout the entire
succession and of those, 54 samples were selected for
petrographic observation from the basement rock to the up-
per carbonate–rich zone of the study section. A stable-iso-
tope geochemical study of the Kimerot Group is also under-
way.

Paleocurrent indicators and bedding measurements were
collected to constrain the paleodrainage properties and
depositional architecture of selected exposures. Paleo-
current indicators were collected on planar crossbeds and
visualized in rose diagrams using OpenStereo software.

Results

Three facies associations were observed in the Bear Creek
Hills section, for a total of 11 facies (Table 1). Field photo-
graphs and thin-section micrographs from each facies asso-
ciation are in Figures 4–6. Given the limited scope of this
paper, sedimentary facies are collectively interpreted in the
discussion section. Facies descriptions and interpretations
are also summarized in Table 1. The three facies associa-
tions can be described as fluvial, nearshore-marine clastic
dominated, and mixed carbonate-clastic shelf depositional
environments, although some facies have multiple associa-
tions.

Fluvial facies association

This facies association is part of the Kenyon Formation and
comprises an approximately 35 m thick section that lies
nonconformably atop the Archean basement (Figure 3).
This facies association is denoted by erosionally bounded,
conglomerate and cross- or trough-bedded quartzarenite
(Table 1). The lowermost beds are composed of a basal con-
glomerate with clasts ranging from 2 mm to 2 cm in size.
Clasts are subrounded to subangular and, from a textural
point of view, are moderately mature (Figure 4c). The con-

glomerate is also framework supported with a sandy,
quartz-rich matrix (Figure 4c). Petrographic observations
show that this conglomerate includes clasts of jasper, feld-
spar, lithic fragments directly derived from the nearby
granitoid basement rock, and abundant quartz. The beds
overlying the coarse basal deposit are composed of
coarse-grained, granule-rich quartzarenite bounded by
subplanar, irregular erosional contacts. Petrographic obser-
vations identified rare feldspar (<5%) and lithic grains
(<5%) within the first few beds but quartz comprises >95%
of the grains, indicating it is a quartzarenite (Figure 4a, b,
d). As the stratigraphic succession evolves upward, the
quartzarenite becomes finer grained with increasing chem-
ical and physical maturity. The quartzarenite displays both
planar and cross-stratified beds (in a few instances through-
out), and compound cross-stratification was rarely ob-
served (Figure 4f, g). Most depositional boundaries are flat,
but erosional and undulatory boundaries are also recorded.
Bedding surfaces separating quartzarenite beds display
wave-ripple forms preserved in plan view (Figure 4e).

This facies association is denoted by stacked sandstone
beds (Figure 4h) ranging in thickness from 30 cm to 1.5 m.
The basal conglomerate beds are slightly thicker (1–2 m)
and massive to crudely stratified in places. Bedsets exhibit-
ing compound cross-stratification reach a maximum thick-
ness of 3 m.

Clastic-dominated, nearshore-marine facies
association

The clastic-dominated, nearshore-marine facies associa-
tion occurs in the middle portion of the stratigraphic suc-
cession in the Bear Creek Hills section, where it attains a
thickness of approximately 97 m (Figure 3). This facies as-
sociation is mainly represented by mixed siliciclastic-car-
bonate quartzarenite that is undulatory bounded and her-
ringbone cross-stratified (Table 1). Grains range in size
from fine sand to granule and are subrounded in shape.
Siltstone and medium-grained sandstone with intrafor-
mational clasts and dolomitic matrix or cement are subordi-
nate (Figure 5a, b). Beds of micritic dolostone containing
scattered, coarse sand–sized grains of quartz appear toward
the top of the facies association. Planar sets exhibiting her-
ringbone cross-stratification (Figure 5c) are observed at
regular intervals (on average every 5–10 m) and bound mo-
notonous sets of crossbeds. Lamination in the herringbone
cross-stratification exhibits rhythmic alternation in grain
size and thickness over tens of centimetres along strike
(Figure 5c) and weathered surfaces are recessive when
finer grained and carbonate cemented. Cross-stratification
occurs in both planar and trough geometry, and hummocky
crossbedding is also abundant in this facies association
(Figure 5d, e); it is disturbed in places by soft-sediment
loading (Figure 5h). Rare swaley cross-stratification oc-
curs in association with fine- to medium-grained sandstone

18 Canada-Nunavut Geoscience Office



Summary of Activities 2018 19

Figure 3: Stratigraphic development of the Kimerot Group, as logged in the Bear Creek Hills section: a) complete, compressed stra-
tigraphic column of the Kimerot Group showing 187 m of strata; b) inset of bed-by-bed logged stratigraphy between 5 and 12 m (flu-
vial facies association); c) inset of bed-by-bed logged stratigraphy between 37 and 52 m (clastic-dominated, nearshore-marine fa-
cies association); d) inset of bed-by-bed logged stratigraphy between 171 and 180 m (mixed carbonate-clastic shelf facies
association).
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Figure 4: Fluvial facies association observed within the Kimerot Group: a) photomicrograph of quartz-
arenite sample SM113 (cross-polarized light; 5 times magnification), revealing subrounded quartz
grains, this rock is also poorly sorted but compositionally mature; b) photomicrograph of quartzarenite
sample SM116 (cross-polarized light; thin section scan), revealing faint bedding highlighted by alterna-
tions in grain size, grains are subrounded and moderately sorted; c) basal conglomerate in the strati-
graphically lowermost portion of the Kimerot Group, observed clasts include quartz, jasper and lithic
fragments (granitoid; pencil is ~6 cm long); d) coarse-grained to granular quartzarenite exposed on a
weathered surface (pencil is ~6 cm long); e) wave ripples observed at the contact between quartzarenite
beds (pencil is ~6 cm long); f) plane-parallel and planar crossbedding in quartzarenite (pencil is ~6 cm
long); g) details of compound crossbedded quartzarenite, probably the product of accretion and migra-
tion of small fluvial-channel bars (scale bar on the bottom right is 0.5 m); h) stacked sandstone beds
ranging in thickness from 30 cm to 1.5 m (geologist on the left is ~1.6 m tall).
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Figure 5: Clastic-dominated, nearshore-marine facies association in the Kimerot Group: a) photomicro-
graph of quartzarenite sample SM016 (cross-polarized light; 5 times magnification), revealing sub-
rounded quartz grains within a carbonate matrix; b) photomicrograph of mixed siliciclastic-carbonate
sample SM050 (cross-polarized light; thin section scan), revealing alternating quartz-rich laminae inter-
bedded with carbonate-matrix–rich layers, the sample was collected from a hummocky crossbedded
layer; c) herringbone cross-stratification with tidal bundles preserved in a quartzarenite bed with carbon-
ate matrix (pencil is ~6 cm long); d) teepee structure observed within a carbonate bed (pencil is ~6 cm
long); e) hummocky cross-stratification observed in dolostone interbedded with siltstone (lens cap is
~5 cm across); f) swaley cross stratification observed in a fine-grained sandstone-siltstone bed (mea-
suring tape is ~6 cm wide); g) carbonate intraclasts within quartzarenite (lens cap is ~5 cm across);
h) loading structure observed at the contact between a quartzarenite bed and an underlying siltstone unit
(field notebook is ~20 cm wide).



(Figure 5f). Microbial lamination and stromatolite forms
defined by dolostone partings or interbedded in a quartz-
arenite appear in the middle portion of the stratigraphic suc-
cession and become more common upsection (Figure 5g).
Another significant feature of dolostone-rich beds is the oc-
currence of teepee structures, approximately 10 cm in
height and 10 cm in length.

This facies association is denoted by planar stacks of
crossbedded and trough crossbedded quartzarenite beds
that range in thickness from 30 cm to 1.5 m each. Thinner
sets of siltstone and mixed carbonate-siliciclastic beds
range in thickness from 1 to 30 cm (Figure 5d, e). Most of
the beds have uneroded sharp contacts and undulatory con-
tacts. The latter are defined both by wave ripples or by iso-
lated hummock forms.

Mixed carbonate-clastic shelf facies association

The mixed carbonate-clastic shelf facies association occu-
pies the topmost portion of the study section and comprises
48 m of logged strata (Figure 3). The facies association is
denoted by undulatory, bounded, mixed carbonate-clastic
hummocky cross-stratification beds and stromatolitic beds
(Table 1). Deposits in this association are composed of a
subequally abundant association of quartzarenite, siltstone
and dolostone. Petrographic analyses show that the clastic
portion comprises subrounded, carbonate-cemented, me-
dium-grained sand to coarse-silt–sized quartz (Figure 6a,
b). The textural maturity of the clastic fraction is higher
than the two underlying facies associations. Thin sections
of dolostone samples reveal common micritic mudstone,
microbial lamination and hybrid dolarenite with carbonate
and siliciclastic grains interspersed within a carbonate ma-
trix. Quartzarenite and siltstone exhibit either planar or
hummocky crossbedding, whereas dolostone typically
shows microbial lamination (Figure 6b, d, e, f). Individual
stromatolite biostromes range from 20 to 30 cm in relief and
are approximately 20 cm in width (Figure 6e). The contact
between the topmost stromatolite bedset in the Kimerot
Group (Peg Formation) and the overlying Bear Creek
Group is very sharp and does not show evidence of erosion
(Figure 6g, h).

This facies association is denoted by flat beds ranging from
10 cm to 1 m in thickness. The dominant lithological asso-
ciation is rhythmic alternation of stromatolitic dolostone,
siltstone and sandstone beds (Figure 6c–f). Siltstone units
coarsen upward over approximately 5 m and are capped in
places by a metre-scale compound crossbedded quartz-
arenite. A stromatolite bedset at the top of the section
reaches 1.5 m in thickness.

Discussion

Depositional environments

Overall, the assemblage of coarse detritus, poor textural
maturity and abundance of sedimentary structures pointing
to unidirectional flows in the lowermost facies association
is consistent with a fluvial depositional environment
(McCormick and Grotzinger, 1993). Although the good de-
gree of grain sphericity and rounding may seem like evi-
dence for processes of repeated clast collision typical of
prolonged stream transport and reworking, the occurrence
of lithic clasts with lithology matching that of the underly-
ing basement rock suggests a relatively proximal sediment
source. The compositional maturity of the deposit points to
a regime of strong chemical weathering during times of de-
position.

The assemblage of sedimentary structures within the flu-
vial facies association can be reconciled with changes in
water-flow depth and strength. Supercritical flow regimes
typical of shallow or fast-flowing currents are recorded by
plane beds with primary current lineation, whereas subcri-
tical regimes are recorded by an array of sedimentary struc-
tures such as planar and trough crossbeds and asymmetric
ripple crosslamination (Table 1). The occurrence in this fa-
cies association of compound crossbedding can also be re-
lated to the accretion and migration of small sediment bars
within channels (Rubin and Ralph, 1983). Overall, the
abundance of crossbedding over planar bedding can be re-
lated to a fluvial system that had either a perennial dis-
charge regime or episodic floods followed by prolonged
waning-flow stages (Stear, 1983; Fielding et al., 2018;
Ielpi, 2018).

The second facies association (clastic dominated, near-
shore marine) is marked by a shift toward finer grained de-
posits that exhibit higher chemical and textural maturity.
This can be related to an increasingly distal sediment
source, as well as enhanced sediment reworking and matu-
ration. The first occurrence of carbonate deposits is consis-
tent with this inference and suggests that at times the
depositional system became clastic starved (Sami and
James, 1993), where waters in the basin became over-
saturated in carbonate. The occurrence of herringbone
cross-stratification suggests oscillatory flows related to
wave agitation (wave ripples, hummocky cross-stratifica-
tion), which is indicative of a transgressive shift from flu-
vial to shallow-marine conditions (Table 1). Herringbone
cross-stratification is the record of reversals in unidirec-
tional flows and is a common occurrence in tidally influ-
enced shelves (Allen, 1982). The tidal origin of these sets is
confirmed by tidal bundles preserved therein, the record of
flow-strength modulation associated with neap–spring tide
alternation (Collinson et al., 2006). Observed teepee struc-
tures suggest that temporary exposure and desiccation of
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Figure 6: Mixed carbonate-clastic shelf facies association in the Kimerot Group: a) photomicrograph of a
carbonate rock sample SM011 (cross-polarized light; 5 times magnification), revealing subrounded car-
bonate grains within carbonate mud (dolomitized), some cement is also visible; b) photomicrograph of a
carbonate rock sample SM030 (cross-polarized light; thin section scan), showing thin lamination within a
stromatolite bed; c) carbonate beds showing stromatolitic lamination overprinted by partial dissolution
during diagenesis (pencil is ~6 cm long); d) carbonate beds showing low-relief microbial lamination and
small-scale hummocky cross-stratification (field notebook is ~0.2 m wide); e) carbonate bed with a stro-
matolite biostrome (magnetic pen is 10 cm long); f) plan view of a stromatolite bedset (knife is 5 cm long);
g) close up of the sharp, depositional contact between the Kimerot Group (Km) and the Bear Creek Group
(Br; pencil is ~6 cm long); h) top reef carbonate bed of the Kimerot Group in contact with the shale beds of
the Bear Creek Group (measuring tape is 6 cm wide).



the carbonate-rich substrata took place in response to tidal
sea-level modulation (James, 1977).

Wave ripples and hummocky cross-stratification point in-
stead to wave influence and are commonly preserved in the
shoreface to offshore-transition zone of clastic shelves
(Clifton, 2006). Wave activity, probably storm related, is
also indicated by the occurrence of carbonate rip-up clasts,
which indicates the erosion of a partially consolidated sub-
stratum during high-energy wave passage (Sami and
James, 1993). In this context, the common crossbeds ob-
served in this facies association are related to sand transport
in lower flow regime conditions and may represent either
alongshore bedforms resulting from drift currents (Allen,
1982) or accretion of small deltaic mouth bars. The second
hypothesis is preferred in cases where cross-stratification
occurs in compound bedsets marked by inclined depo-
sitional surfaces (Edmonds and Slingerland, 2007; Ahmed
et al., 2014).

The topmost facies association (mixed carbonate-clastic
shelf) is marked by a sharp decrease in the abundance and
average grain size of the clastic fraction, by an increase in
carbonate content and by the abundance of stromatolitic
dolostone. Taken as a whole, this facies association records
a transgressive phase dominated by episodic clastic shut-
down (Cattaneo and Steel, 2003). Sedimentary structures
in the clastic portion indicate that the facies association,
similar to the underlying deposits, records nearshore-ma-
rine settings influenced by tide and wave activity. Stro-
matolites indicate a subtidal environment with very limited
clastic input, whereas delivery and reworking of clastic de-
tritus through tidal and storm activity is suggested by the
presence of herringbone cross-stratification, hummocky
cross-stratification and concentration of intraformational
clasts (Sami and James, 1993; Collinson, 2006). Toward
the top of the section, reef buildup denoted by the occur-
rence of multiple stromatolite beds (James, 1977) indicates
the acme of transgression and clastic shutdown. The top
reef is the last layer deposited in the Kimerot Group, and is
sharply overlain by offshore mudstone, a rock type indica-
tive of carbonate-platform drowning (Grotzinger et al.,
1989).

Open questions and larger geodynamic
implications

Additional research is being conducted by the authors to re-
solve the stratigraphy and paleogeography of the Kimerot
Group to an even higher level of detail, to resolve the pecu-
liar geodynamic setting of this short-lived rifted margin of
the Slave craton in the Paleoproterozoic. A planned prove-
nance study based on detrital-zircon geochronology will
determine maximum age of deposition and an independent
test to the currently accepted rift-basin scenario for the
Kimerot Group. Stable-isotope analysis of carbonate rocks
in the Bear Creek Hills section may help to establish indi-

rect chronostratigraphic correlations with more accurately
dated sections globally, and its results may provide further
information on the duration of the rift. Finally, the updated
stratigraphic and sedimentological data presented here may
lead to refined lithostratigraphic correlations with similar
rift-related successions preserved on the western and
southern margin of the Slave craton.

Economic considerations

In general, shallow-marine sedimentary basins related to
the development of passive margins have demonstrated po-
tential for hydrocarbon resources, carbonate-hosted
lead-zinc deposits, phosphorite deposits, uranium deposits
and gold deposits (Altermann and Corcoran, 2002). The
Kilohigok Basin, however, is situated in an area of the Ca-
nadian Arctic that is not close to existing infrastructures, an
aspect that has limited past exploration for economic com-
modities in the area. Agamma-ray mass spectrometry study
conducted during summer 2017 fieldwork in the area re-
vealed uranium enrichment at the contact between the
Kimerot Group and metasedimentary rocks of the overly-
ing Archean Yellowknife Supergroup (Ielpi et al., 2017b).

Conclusion

The aim of this paper is to present an updated stratigraphic
and sedimentological framework for the Kimerot Group
exposed in Bear Creek Hills, part of the larger Kilohigok
Basin. Three facies associations are recognized: a fluvial
facies association composed of coarse-grained strata lo-
cally derived from the underlying basement; a clastic-dom-
inated, nearshore-marine facies succession pointing to an
initial transgressive phase and the establishment of a wave-
and tide-influenced coast; and a mixed carbonate-clastic
shelf facies association that marks episodic clastic shut-
down and establishment of stromatolite reefs during con-
tinuing transgression. The deposits of the Kimerot Group
are sharply overlain by deep-water deposits of the Bear
Creek Group, interpreted as the record of a sudden episode
of shelf drowning. Open questions on the chronological de-
velopment, sedimentary provenance and wider geody-
namic significance of the Kimerot Group may be answered
once a refined framework on its stable-isotope geochemis-
try and detrital-zircon geochronology is obtained.
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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 Sur-
vey of Canada (GSC) in collaboration with the University of Alberta, the University of Ottawa, the University of Cambridge and
l’Université du Québec à Montréal. The study area comprises four 1:250 000 scale National Topographic System map areas south of Pond
Inlet (NTS 38B, 37E, F, G). 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.

Saumur, B.M., Skipton, D.R., St-Onge, M.R., Bros, E.R., Acosta-Gongora, P., Kelly, C.J., Morin, A., O’Brien, M.E., Johnston, S.T. and
Weller, O.M., 2018: Precambrian geology of the surroundings of Steensby Inlet and western Barnes Ice Cap (parts of NTS 37E, 37F, 37G),
Baffin Island, Nunavut; in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 29–46.

Abstract

The Geological Survey of Canada conducted two seasons of 1:100 000 scale bedrock mapping on northern Baffin Island, as
part of the Geo-Mapping for Energy and Minerals (GEM-2) Program. The new mapping will contribute to modernizing the
geoscience knowledge base of this part of Nunavut, as well as further characterizing poorly understood Archean and
Paleoproterozoic units. Mapping in the Pond Inlet area was completed in 2017, resulting in three new bedrock geology
maps. Summarized herein are the principal tectonostratigraphic units encountered during the second field season, which in-
volved four weeks of mapping in July and August 2018, in the Steensby Inlet and Barnes Ice Cap areas (NTS area 37F,
western half of 37E and southern half of 37G).

The geology of the Steensby Inlet and Barnes Ice Cap areas is dominated by a variety of Archean to Paleoproterozoic units
of plutonic origin, ranging from dioritic to monzogranitic in composition, that vary from exhibiting a strong gneissosity, to
forming S>L- to L-tectonite, to remaining massive to weakly foliated. The 2018 field area locally includes orthopyroxene-
bearing monzogranitic gneiss, indicative of granulite-facies conditions. The area also contains numerous iron ore deposits
hosted by the polydeformed and metamorphosed Archean Mary River Group, including Deposit No. 1 which is currently in
production, as well as pelitic to psammitic gneiss, marble and calcsilicate interpreted as belonging to the Paleoproterozoic
Piling Group.

Data from the 2018 field mapping campaign, integrated with results from the 2017 season, will refine the understanding of
the metamorphic, structural and tectonic evolution of northern Baffin Island, as well as constrain correlations with other
terranes on mainland Nunavut and Greenland that are prospective for several mineral commodities.

Résumé

Dans le cadre du programme de Géocartographie de l’énergie et des minéraux (GEM-2), la Commission géologique du
Canada a mené deux saisons de cartographie du socle rocheux à l’échelle du 1/100 000, au nord de l’île de Baffin. Cette nou-
velle cartographie va contribuer à la modernisation de la base de connaissances géoscientifiques de cette partie du Nunavut,
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ainsi qu’à la caractérisation d’unités archéennes et paléoproterozoïques relativement méconnues de cette région. Les
travaux de cartographie dans la région de Pond Inlet, achevés en 2017, ont menés à la réalisation de trois nouvelles cartes
géologiques. La présente contribution sert à résumer et décrire les principales unités tectonostratigraphiques rencontrées au
cours de la deuxième saison de travaux cartographiques sur le terrain menés pendant quatre semaines en juillet et août 2018
dans la région de la baie Steensby et de la calotte glaciaire Barnes (feuillet du SNRC 37F, moitié ouest de 37E et moitié sud
de 37G).

La géologie régionale est dominée par une variété de roches plutoniques de composition dioritique à monzogranitique, dont
l’âge couvre une période s’étendant de l’Archéen au Paléoprotérozoïque. Les roches présentent une fabrique variable, qui
passe d’une forte gneissocité, à une fabrique S>L formant localement des tectonites à forte linéation (L-tectonites), ou à des
fabriques massives ou à faible foliation. Un gneiss monzogranitique à orthopyroxène, témoigne de métamorphisme ayant
atteint les conditions du faciès des granulites. La région renferme aussi de nombreux indices et gisements de fer logés dans
les roches supracrustales et polydéformées du Groupe de Mary River (y compris le « Gite No. 1 » qui est présentement en
production) d’âge archéen, ainsi que du gneiss de nature pélitique à psammitique, du marbre et des roches à silicates
calciques du Groupe de Piling datant du Paléoprotérozoïque.

Les données de la saison 2018, conjuguées aux données recueillies en 2017, contribueront à améliorer le niveau de
compréhension au sujet de l’évolution métamorphique, structurale et tectonique du nord de l’île de Baffin, tout en
permettant d’établir des corrélations avec d’autres terrains géologiques du Nunavut et du Groenland susceptibles de receler
une variété de minéraux utiles.

Introduction

During the summer of 2018, the Geological Survey of Can-
ada (GSC), under the Geo-Mapping for Energy and Miner-
als (GEM-2) Program, conducted 1:100 000 scale bedrock
mapping in the Steensby Inlet–Barnes Ice Cap area of
northern Baffin Island (Figure 1). The field area consists of
the entirety of NTS area 37F, the western half of NTS 37E
and southern portion of NTS 37G, including the environs of
the Mary River iron ore deposits. This work represents the
second and final phase of the two-year bedrock-mapping
project, the first phase of which focused on the area around
Pond Inlet south to Paquet Bay (Bros and Johnston, 2017;
Saumur et al., 2017; Skipton et al., 2017). Phase 1 led to the
release of three 1:100 000 scale bedrock maps (Saumur et
al., 2018a, b; Skipton et al., 2018), which are compiled and
summarized in Figure 2.

The aim of the mapping project is to bring the level and res-
olution of the geological knowledge base of northern
Baffin Island to that of recent GEM campaigns elsewhere
on Baffin Island (e.g., Weller et al., 2015; St-Onge et al.,
2016), as well as to ascertain the area’s geological evolution
and economic potential. Of particular interest is the Archean
Mary River Group (MRG), which includes banded iron for-
mation (BIF) that locally hosts iron ore deposits, most nota-
bly the high-grade, high-tonnage Deposit No. 1, and the
Mary River mine, currently owned and mined by Baffin-
land Iron Mines Corporation (Figure 3). Despite the current
mining activity, the regional distribution, age and geologi-
cal history of the MRG remain uncertain, as well as rela-
tionships with spatially associated felsic to intermediate
plutons and basement gneiss. Felsic to intermediate units are
also poorly understood with respect to their petrology, geo-

chemistry, age and relevance within the Archean to
Paleoproterozoic tectonic framework of Baffin Island,
mainland Nunavut (e.g., Sanborn-Barrie et al., 2018) and
Greenland (e.g., Dawes, 2006).

This paper summarizes the regional geology of the Steensby
Inlet and Barnes Ice Cap areas, describing the principal
tectonostratigraphic units encountered during four weeks
of mapping in July and August 2018. The structural and
metamorphic history, and implications for the economic
potential of the study area stemming from the 2018 field ob-
servations are also discussed.

Previous work

Bedrock mapping and mineral exploration

Skipton et al. (2017) comprehensively reviewed previous
geological work in northern Baffin Island; a brief summary
is provided here. The GSC conducted reconnaissance geo-
logical mapping in NTS map areas 37E, 37F and 37G in
1965–1968 as part of a larger scale regional mapping pro-
ject on north-central Baffin Island. This work was summa-
rized by Jackson (1969, 2000) and compiled as a set of
1:250 000 scale bedrock maps (Jackson and Morgan, 1978;
Jackson et al., 1978; Davidson et al., 1979). Federally com-
missioned aeromagnetic surveys were carried out between
1973 and 1974 (Natural Resources Canada, 2017). Tar-
geted studies by the GSC were also undertaken in the mid
1990s south of NTS 37F at Eqe Bay, an area that contains
rocks correlative with those underlying the 2018 field area
(e.g., Bethune and Scammell, 1997, 2003a, b).

The Canada-Nunavut Geoscience Office (CNGO) com-
pleted targeted bedrock mapping in the Mary River area
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(Young et al., 2004; Johns and Young, 2006), leading to the
compilation of 1:50 000 scale maps, the development of an
interpreted stratigraphic and structural framework for the
MRG, as well as the discovery of new economic mineral
prospects, including Algoma-type iron formation in NTS
map areas 37E and 37G, and local showings of gold- and
molybdenum-bearing quartz veins.

Jackson (2000) and Iannelli et al. (2013b) provided a sum-
mary of past exploration efforts. Mining exploration activi-
ties in the area have been sporadic since the discovery of iron
ore Deposit No. 1 at Mary River by M. Watts and R. Shear-
down in 1962 (Guimond, 1963), leading to initial explora-
tion efforts by Watts, Griffis and McOuat Limited. Baffin-
land Iron Mines Corporation was formed in 2004 and car-
ried out drilling and exploration programs in the Mary
River area. Assessment reports by Baffinland (Iannelli et
al., 2010; 2013a–c) have recently become publicly avail-
able; these include geological maps and magnetic surveys

that are being incorporated into the current GSC mapping
compilation effort. Also of relevance are diamond explora-
tion efforts by De Beers Group of Companies that produced
airborne aeromagnetic surveys in the western portion of
NTS 37F (Hundt, 2004; Wiznar and McKenzie, 2005;
McMonnies et al., 2007).

Geological framework

Skipton et al. (2017) presented a full summary of available
geochronology in the immediate vicinity of the 2018 field
area, although virtually no published U-Pb ages exist for
NTS map areas 37F and 37E. A crystallization age of 2726
±3 Ma was determined on volcanic quartz-feldspar por-
phyry intercalated with mafic volcanic rocks in the south-
eastern corner of NTS 37F (Bethune and Scammell,
2003a).

Archean felsic plutonic rocks and greenstone belts in the
Steensby Inlet–Barnes Ice Cap area, as well as those in the
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Figure 1: Regional geology of Baffin Island and northern Quebec; the field areas for the GEM-2 North Baffin Bedrock Mapping Program for
2017 and 2018 are indicated by the polygons outlined in black.



Pond Inlet–Mary River area (Skipton et al., 2017), are con-
sidered to belong to the Repulse Bay block (or north Rae
domain) of the Rae craton, which extends southwestward
toward central Churchill Province (e.g., Pehrsson et al.,
2013; Snyder et al., 2013; cf., Jackson and Berman, 2000).
Cratonic basement of Eo- to Mesoarchean age and ca.
2.97–2.60 Ga granite-greenstone belts, including the Mary
River Group, characterize the Repulse Bay block (e.g., Sny-
der 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 Zone (Figure 3) and the
Paleoproterozoic Foxe fold belt (Figure 1), which repre-
sents the northern margin of the ca. 1920–1800 Ma Himala-
yan-scale accretionary/collisional Trans-Hudson Orogen
(St-Onge et al., 2006; Corrigan et al., 2009; Weller and St-
Onge, 2017). The Isortoq Fault Zone is considered to re-
cord 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).

The Paleoproterozoic Piling Group on central Baffin Island
(Figure 1) comprises shallow-water siliciclastic-carbonate
strata, mafic to ultramafic volcanic rocks and deep-water
basinal strata (e.g., Morgan et al., 1976; Henderson et al.,

1979; Henderson and Tippett, 1980; Tippett, 1985; Jack-
son, 2000; Corrigan et al., 2001; Scott et al., 2002, 2003; St-
Onge et al., 2005; Partin et al., 2014; Wodicka et al., 2014).
The supracrustal succession is generally interpreted as the
result of regional crustal extension along the southeastern
margin of the Archean Rae craton (e.g., Rainbird et al.
2010), followed by development of a foreland or proto-
ocean basin (Partin et al., 2014; Wodicka et al, 2014), and
subsequent deformation and metamorphism at ca. 1880–
1765 Ma during the Trans-Hudson Orogen (Gagné et al.,
2009). It forms part of an extensive cover sequence on the
Rae craton, with stratigraphic correlatives extending from
the western Churchill Province on mainland Nunavut (e.g.,
Penrhyn, Amer and Ketyet River groups; Jackson and Tay-
lor, 1972; Taylor, 1982; Rainbird et al., 2010), across Baffin
Island (Hoare Bay Group; St-Onge et al., 2009), to western
Greenland (Karrat and Anap nunâ groups; Escher and
Pulvertaft, 1976; Henderson and Pulvertaft, 1987; Garde
and Steenfelt, 1999).

Paleozoic (Cambrian to Ordovician) strata lie unconform-
ably upon Archean and Paleoproterozoic felsic plutonic
rocks in the western portion of the field area. An updated
stratigraphic framework for these units is the subject of an-
other paper in this volume (Zhang, 2018) and the mapping
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Figure 2: Simplified compilation of the three new 1:100 000 scale bedrock geology maps stemming from the GEM-2 North Baffin Bedrock
Mapping Program 2017 fieldwork in the Pond Inlet area (modified from Saumur et al., 2018a, b; Skipton et al., 2018). Abbreviations: CGM,
Canadian Geoscience Map; QV, Qimivvik Island; TU, Tuktuliarvik (informally known as Long lake) area.



resulting from this work will be incorporated in a future
1:100 000 scale map covering the western half of NTS 37F.

A Tertiary8 unit, documented by Andrews et al. (1971) on a
hill 25 km northwest of the Barnes Ice Cap, is included in
the reconnaissance-scale map published for NTS 37E
(Jackson and Morgan, 1978). Andrews et al. (1971) indi-
cated that the outcrop is of limited spatial extent, amount-
ing to a few square metres. Fieldwork in this locality during
2018 did not document the putative Tertiary unit and there-
fore it is not considered further.

Lithological units: 2018 field observations

Felsic plutonic rocks

The field area is dominated by plutonic to gneissic felsic
rocks similar to those observed in NTS map areas 37G and
38B, and which are described in detail by Skipton et al.
(2017). New U-Pb dating will elucidate the timing of em-
placement of each unit and help determine the age of the
Archean basement in the area.

The main types of felsic rocks are summarized below, in or-
der of most to least extensive.

Dioritic to monzogranitic gneiss

This rock unit is foliated and medium grained. It commonly
exhibits a well developed gneissosity (Figure 4a) and gen-
erally has S>L fabric (Figure 4b, c) although it locally
forms L-tectonite. Felsic bands within the gneiss consist of

Summary of Activities 2018 33

Figure 3: Generalized geology of the Steensby Inlet–Barnes Ice Cap area, after the compilation map of de Kemp and Scott (1998), based
on 1:50 000 scale geological mapping conducted in the 1960s (Jackson and Davidson, 1975; Jackson and Morgan, 1978; Jackson et al.,
1978; Davidson et al., 1979). This area was mapped at 1:100 000 scale in 2018 during the second phase of the GEM-2 North Baffin Bedrock
Mapping activity. The approximate position of the Isortoq Fault Zone is inferred from fieldwork, regional aeromagnetic data and previously
published low-resolution maps (e.g., Jackson and Berman, 2000; Johns and Young, 2006). Locations of the Mary River iron ore deposits
and prospects are compiled from Iannelli et al. (2013a–c). The black square marks the location of the 2018 camp; the polygon outlined by
the black dashed line indicates the location of Figure 8a. Abbreviations (yellow outline: Mary River deposits; white outline: areas of interest
from the 2018 fieldwork): BN, North Barnes (previously undocumented panel of supracrustal rocks north of Barnes Ice Cap); CR, North
Cockburn River prospect; FC, folded clinopyroxenite; FF, area informally known as ‘Felsenmeer flats’; FR, Freshney River; GS, Glacier
Lake synform prospect; IQ–A, Isortoq Fault–location A; IQ–B, Isortoq Fault–location B; M1, Mary River Deposit No. 1; M4-5, Mary River De-
posits No. 4 and 5; MH, Magnetite Hill; ML, Maino Lake; NB, Nina Bang Lake; NL, Nivalis Lake; RR, Rowley River prospect; SP, Piling Group
(exposed at Steensby Inlet); TL, Triangle Lake prospect; TR, Turner River prospect.

8Tertiary is a historical term. In this paper, the authors use the term
to reflect its original usage in Andrews et al. (1971). Upon recom-
mendations of the International Commission on Stratigraphy
(e.g., Cohen et al., 2013), the term has been superseded in favour
of the Paleogene and Neogene periods.
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Figure 4: Field photographs of felsic gneiss and felsic plutonic rocks from the Steensby Inlet–Barnes Ice Cap area, show-
ing a) biotite-bearing monzogranitic gneiss with bands of syenogranite and bands/enclaves of biotite-hornblende-magne-
tite quartz diorite; b) a sharp contact between strongly foliated dioritic gneiss (right) and weakly foliated biotite
monzogranite (left); c) foliated biotite-magnetite granodiorite containing K-feldspar megacrysts; d) a folded mafic enclave
within biotite monzogranite; e) weakly foliated to massive biotite-garnet-orthopyroxene monzogranite; f) a tourmaline
(black crystals)-bearing pegmatitic dyke in contact with felsic orthogneiss (left); g) a metre-scale pegmatitic K-feldspar
crystal in quartz syenite west of Nina Bang Lake. Abbreviation: Kfs, K-feldspar.



plagioclase+quartz±K-feldspar and mafic bands are enriched
in biotite±hornblende±magnetite. Locally, decimetre- to
metre-scale enclaves of diorite to quartz diorite occur
within the gneiss and these are transposed parallel to folia-
tion or gneissosity.

Biotite-bearing monzogranite to granodiorite

Plutons are homogeneous, medium to coarse grained, mas-
sive to moderately foliated and/or lineated, and contain
variable amounts of magnetite and hornblende. Metre-
scale enclaves of dioritic to mafic rocks are common (Fig-
ure 4d). Consistent with observations farther north from the
2017 field season, this unit locally crosscuts tonalitic to
monzogranitic orthogneiss, either as dykes or tabular intru-
sions subparallel to gneissosity (Figure 4b).

Monzogranite to granodiorite containing
orthopyroxene, biotite and magnetite (±garnet)

This unit is massive to weakly foliated and/or lineated (Fig-
ure 4e); it tends to have distinctive orange weathered sur-
faces and greenish brown or orange fresh surfaces and oc-
curs in the southern part of the area mapped in 2018.

Feldspar-megacrystic granodiorite

Plutons occur in several places in NTS 37G, and locally in
map areas 37F and 37E. The granodiorite is characterized
by euhedral megacrysts (2–5 cm in diameter) of moderately
to weakly zoned K-feldspar within a medium-grained
granodioritic (locally monzogranitic) groundmass. It is lo-
cally strongly foliated to gneissic in NTS 37E, forming
augen gneiss with K-feldspar porphyroclasts (Figure 4c).

Pegmatitic syenogranite

Field relationships indicate that this unit represents the
youngest magmatic phase in the study area and occurs
mostly as dykes. It is massive, coarse grained to pegmatitic,
contains biotite and, locally, magnetite, amphibole,
phlogopite, apatite and/or tourmaline (Figure 4f). Ten kilo-
metres west of Nina Bang Lake (Figure 3), a previously un-
documented syenogranitic to quartz syenitic pluton occurs,
which contains decimetre- and even metre-scale K-
feldspar crystals (Figure 4g).

Archean Mary River Group (MRG)

Previous reconnaissance-scale mapping identified exten-
sive tracts of MRG in the northwestern and southeastern
corners of NTS area 37F and north of the Barnes Ice Cap in
NTS 37E, as well as numerous smaller (1–10 km scale)
MRG exposures throughout both map areas (Jackson and
Morgan, 1978; Jackson et al., 1978). Targeted mapping has
shown that the MRG is less extensive than previous map-
ping efforts suggest, and that these areas are dominantly un-
derlain by tonalitic to monzogranitic gneiss and/or monzo-
granite to granodiorite plutons. Nonetheless, several
exposures of MRG strata were documented (Figures 5, 6),
such as at Maino Lake, Freshney Lake and a previously un-

mapped 5 km scale panel of psammitic rock located 45 km
north of the Barnes Ice Cap (BN, Figure 3). Further exam-
ples of MRG with exposed iron formation occur in the
Magnetite Hill (Figure 5a), Nivalis Lake (Figure 5b), Row-
ley River (Figure 5c) and Cockburn River areas (Figure 3).

The MRG comprises mafic–intermediate metavolcanic
rocks (Figure 6a–c), with lesser psammite to pelite (Fig-
ure 6d, e), iron formation and ultramafic rocks (Figure 6f).
Iron formation is typically oxide-facies type, ~5–20 m
thick, and composed of banded magnetite and quartz (Fig-
ure 5a–c). Outcrop is sparse in several areas, including near
the edges of the Barnes Ice Cap (Figure 3), where MRG
strata are exposed as isolated outcrops or as several out-
crops across areas of 1–2 km that are separated by till and,
locally, subcrops or boulders of MRG (Figure 5d). This re-
sults in some uncertainty regarding the spatial extent of the
MRG and its contact relationships with the surrounding fel-
sic plutonic and felsic–intermediate gneissic rocks.

In areas with good outcrop exposure, MRG strata form
more extensive (~1–4 km) panels surrounded by felsic
gneiss and plutonic rocks. These panels are oriented paral-
lel to the regional structural grain but are discontinuous
along strike. As noted in the 2017 mapping area, this rela-
tionship may be due to a combination of the MRG having
been intruded by monzogranite–granodiorite plutons and
surviving as rafts, and of subsequent deformation, includ-
ing boudinage (Bros and Johnston, 2017; Skipton et al.,
2017). For example, in the Rowley River area, the MRG
forms a north-northwest-dipping panel of supracrustal
rocks occupying an area of ~1 km2, surrounded by foliated
to gneissic monzogranite and diorite. The Rowley River
package consists of layers of BIF, pelite and intermediate
metavolcanic rocks 3–10 m thick. Contact relationships
with surrounding plutonic rocks are unexposed, but simi-
larities between deformation fabrics suggest that the MRG
and surrounding plutonic rocks underwent a similar defor-
mation history. Repeated stratigraphy in the MRG suggests
that the sequence at Rowley River represents a north- to
northwest-dipping isoclinal fold.

The 2018 field area includes numerous Mary River iron ore
deposits (Figure 3) that have been extensively mapped at
the deposit scale (e.g., Young et al., 2004; Jackson, 2006;
Iannelli et al., 2013b, c). Iron ore, such as that currently
mined at Deposit No. 1, consists of high-grade hematite,
magnetite and specularite iron formation. These high-
grade zones commonly comprise oxide- to silicate-facies
iron formation grading into or interlayered with quartzite,
quartz-mica schist or chlorite schist (Iannelli et al., 2013a–
c). The MRG in the area is strongly polydeformed (e.g.,
Young et al., 2004). Upgrading of iron orebodies is attrib-
uted to pervasive metasomatism causing desilicification of
oxide- and silicate-facies BIF, which has been linked to the
Trans-Hudson Orogen (MacLeod, 2012). New (2018) field
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observations from gneiss outcrops surrounding the Mary
River deposits, made at separate localities from where pre-
vious mapping was conducted, are consistent with a com-
plex polydeformational history, as interpreted by previous
workers.

Paleoproterozoic Piling Group

Sequences of pelite, psammite and calcsilicate (Figure 7)
located in the southeastern part of NTS 37F (Figure 3) have
been previously mapped as part of the Paleoproterozoic Pil-
ing Group (Jackson, 2000). New mapping has updated their

spatial distribution, stratigraphy and composition. The
strata form packages of dominantly pelite and psammite
~0.5–2 km thick, locally with calcsilicate units (Figure 7a)
and minor marble (Figure 7b). The metasedimentary strata
form discontinuous panels surrounded by monzogranite.
Pelite contains garnet (Figure 7c), biotite and sillimanite,
and calcsilicate and marble contain phlogopite and diop-
side.

A large outcrop of quartzite (at least ~30 m thick) underlies
Beacon Hill in the Nivalis Lake area (Figure 7d). The
quartzite, mapped as MRG in previous maps (Jackson and
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Figure 5: Field photographs of iron formations of the Mary
River Group, showing a) an interval of oxide-facies banded
iron formation 5 m thick at Magnetite Hill; b) folded bands of
magnetite and quartz in iron formation in the Nivalis Lake area
(marker for scale is 9 cm long); c) oxide-facies banded iron for-
mation containing bornite in the Rowley River area; d) a
banded iron formation panel 6 m thick occurring within felsic
gneiss, exposed as subcrop and felsenmeer 3 km north of
Barnes Ice Cap. Abbreviations: Bn, bornite; Mag, magnetite;
Qz, quartz.



Morgan, 1978), comprises gently south-dipping beds 10–
50 cm thick; here it is tentatively correlated with the middle
member of the Dewar Lakes Formation, lower Piling
Group (Scott et al., 2003). South of the map area, this unit
comprises medium- to thick-bedded, sillimanite-rich
quartzite characterized by crossbedding indicating sedi-
mentary transport toward the south. The field correlation
will be tested with geochronological studies.

Metamorphism and structure: 2018 field
observations

Metamorphism

As in the 2017 field area to the north (Skipton et al., 2017),
metamorphic mineral assemblages observed in plutonic/
gneissic rocks during the 2018 field season are, in large
part, consistent with medium-pressure and medium- to
high-temperature metamorphic conditions. Archean
quartzofeldspathic units mostly exhibit biotite±horn-
blende±magnetite(±clinopyroxene) assemblages, consis-
tent with broadly amphibolite-facies conditions. This is
consistent with widespread hornblende±clinopyroxene±
biotite assemblages in mafic–intermediate enclaves within
felsic gneiss and plutonic rocks.

Variations in metamorphic grade are recorded in supra-
crustal sequences, which suggest a minor increase in peak
metamorphic conditions toward the south in the 2018 map

area. In the northeastern corner of NTS area 37F, mafic
metavolcanic rocks of the MRG contain hornblende±clino-
pyroxene, whereas some intermediate volcanic rocks con-
tain garnet, cordierite and grunerite (e.g., at Rowley River;
Figure 6c). Associated pelite is characterized by assem-
blages of biotite-muscovite±sillimanite, biotite-gar-
net±sillimanite or biotite-sillimanite-magnetite, with little
to no partial melt. These mineral assemblages suggest that
middle- to upper-amphibolite–facies conditions were at-
tained during peak metamorphism. To the southeast, pelite
in the MRG at Magnetite Hill (Figure 6d, e) contains bio-
tite, garnet and abundant sillimanite that is typically coarse
grained, in addition to a higher proportion of melt, implying
higher temperature metamorphism. Similarly, in the
Freshney River area, 40 km west of Magnetite Hill, mafic
volcanic rocks in the MRG contain orthopyroxene,
clinopyroxene and garnet (Figure 6a), an assemblage that is
characteristic of granulite-facies conditions. In the south-
eastern corner of NTS 37F, metasedimentary rocks of the
Piling Group include biotite-garnet-sillimanite pelite (Fig-
ure 7c) and diopside-phlogopite calcsilicate. In summary,
metamorphic mineral assemblages in supracrustal rocks in
the southern parts of NTS map areas 37F and 37E suggest
thermal-peak upper-amphibolite– to granulite-facies
metamorphism.

The southward increase in metamorphic grade is corrobo-
rated by occurrences of orthopyroxene±garnet in monzo-
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Figure 6: Field photographs of metavolcanic rocks, psammites and pelites of the Mary River Group, showing a) mafic metavolcanic rock
containing orthopyroxene, clinopyroxene, garnet, amphibole and magnetite, with pods of coarse-grained plagioclase feldspar (±quartz) in
the Freshney River area; b) intermediate metavolcanic rock containing clinopyroxene in the Nivalis Lake area; c) intermediate metavolcan-
ic rock containing garnet, cordierite and grunerite in the Rowley River area; d) interbedded garnet-biotite psammite and garnet-biotite-
sillimanite pelite at Magnetite Hill; e) a magnetite band within garnet- and sillimanite-rich pelite at Magnetite Hill; f) serpentinized
clinopyroxenite, near a contact with a pegmatitic dyke (location FC on Figure 3). Abbreviations: Cpx, clinopyroxene; Crd, cordierite; Grt,
garnet; Mag, magnetite.



granite and granodiorite in several localities in the southern
portion of the 2018 study area. Orthopyroxene-bearing fel-
sic rocks are characteristic of granulite terranes (Frost and
Frost, 2008). In previous studies, the orthopyroxene-in
isograd in felsic plutonic rocks was used to delimit the
northern extent of the Dexterity granulite belt (Figure 3), a
discontinuous belt of granulite-facies rocks ~50–80 km
wide trending northeast along the northwestern side of the
Isortoq Fault Zone (Jackson and Morgan, 1978; Jackson et
al., 1978; Jackson, 2000; Jackson and Berman, 2000). Ortho-
pyroxene was generally absent southeast of the fault and
mineral assemblages are consistent with amphibolite-
facies metamorphism.

Previous workers documented a localized greenschist-
facies retrograde overprint of Archean and Paleoprotero-
zoic units (e.g., Jackson, 2000). Chloritization of biotite
and/or hornblende was observed in parts of the areas
mapped in 2017 and 2018, consistent with minor retrograde
alteration. Although such an overprint was observed lo-

cally in the north, such as in the Tuktuliarvik area (Bros and
Johnston, 2017), this overprint seems to be more extensive
around Steensby Inlet and in the southeastern portion of the
study area.

Deformation

The structural history recorded by Archean–Paleopro-
terozoic rocks is attributed to at least four deformation
events, broadly consistent with observations made further
north, specifically in NTS area 37G (Skipton et al., 2017),
and the general structural framework of units in the Mary
River area (e.g., Young et al., 2004). However, the nomen-
clature used here is independent to that used in previous
works (i.e., D1 here may not be equivalent to D1 in other
published reports). Future compilation efforts will focus on
a consolidated and comprehensive structural model for the
entirety of northern Baffin Island.

Early fabrics (D1) are provisionally subdivided into D1a in
the orthogneissic basement (S1a, locally L1a; Figure 4a) and
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Figure 7: Field photographs of metasedimentary rocks assigned to the Paleoproterozoic Piling Group by previous studies and fieldwork in
the 2017–2018 study area, showing a) an interval of calcsilicate containing diopside, phlogopite and titanite, overlain by biotite-sillimanite-
garnet pelite; b) calcsilicate (green) and marble (white) exposed along the eastern coast of Steensby Inlet; c) garnet porphyroblasts in bio-
tite-garnet-sillimanite pelite; d) Beacon Hill quartzite (Dewar Lakes Formation), which was sampled for U-Pb geochronology.



D1b in the supracrustal strata (dominant S1b and associated
L1b; Figures 5, 6). Peak-metamorphic mineral assemblages
define both sets of structures. As in NTS 37G (Skipton et
al., 2017), basement gneiss may have recorded deformation
events that predate the MRG. Although D1a and D1b may in-
deed represent distinct deformation events, further work
and age constraints are necessary to determine the relation-
ship between D1 fabrics in granitic rocks and those in the
supracrustal rocks. The expression of these events varies at
the regional scale: in many cases, the S1a/b foliation occurs
as well-developed centimetre- to decimetre-scale gneis-
sosity, whereas in other places rocks exhibit a weak S1a/b

fabric and a strong L1a/b lineation (L>S or L-tectonite). In
supracrustal units, S1b is parallel to primary sedimentary or
volcanic layering (S0). Locally, supracrustal rocks exhibit
tight intrafolial folds, which are particularly common in
BIFs (e.g., at Nivalis Lake; Figure 5b).

Regional D2 deformation produced isoclinal to tight folds
of D1 gneissosity, producing a fabric parallel to S1, which
makes them difficult to distinguish. Locally, the hinge
zones of D2 isoclinal folds are exposed at the outcrop scale
(Figure 4d). Regional D3 deformation produced closed to
open, disharmonic folds (F3) of S0/S1 /S2 composite fabrics,
with associated L3 mineral lineations. The F3 folds are also
locally observed at the outcrop scale (Figure 4d) and share
geometric similarity with deposit-scale folds of BIFs
hosted in the MRG (e.g., Deposit No. 4; Young et al., 2004,
Figure 7). The L3 lineations are defined by quartz rods or
aligned biotite and/or amphibole. They are most prominent
in rocks with weak to absent S1, such as biotite-magnetite
monzogranite, although it is difficult to rigorously distin-
guish L3 from L1. The F2 and F3 folds exercise an important
control on the distribution of supracrustal rocks and BIF at
Mary River iron ore Deposit No. 4 (Figure 3; also see Young
et al., 2004, Figure 7).

The D4 episode of compression is characterized by re-
gional-scale, open to gentle F4 folds that have broadly
southeast-striking axial planes, which have resulted in vari-
ations of the trends of F2- and F3-fold–axes. Finally, the
study area was affected by late brittle deformation (D5+),
forming southeast-, east- and north-northeast-trending
faults and lineaments, some of which may be associated
with the Borden Basin.

Metasedimentary rocks assigned to the Paleoproterozoic
Piling Group are characterized by a bedding-parallel folia-
tion defined by aligned biotite and by compositional layer-
ing, consisting of melt bands and alternating biotite+
sillimanite-rich and garnet-rich layers (Figure 7c). Because
the foliation is defined by peak-metamorphic–facies min-
erals, it may have developed during the early, synmetamor-
phic regional deformation event described here as D1b.
However, Jackson (2000) suggested that the MRG has sus-
tained at least one earlier deformation event than that asso-

ciated with the Piling Group. This assessment is cursorily
consistent with new findings as the Mesoarchean ages de-
termined from the MRG in previous studies (e.g., Jackson
et al., 1990) support a longer and more complex tectonic
history. The timing of deformation events and potential re-
lationships with the Isortoq Fault Zone (discussed below)
have yet to be determined.

Isortoq Fault Zone

The Isortoq Fault Zone (Figures 3, 7) has been postulated to
be a discrete southeast-dipping, east-northeast-striking
zone of brittle and/or ductile shear (e.g., Jackson, 2000;
Bethune and Scammell, 2003b). In previous studies, the
fault zone trends east-northeast across the southeastern
portion of NTS map area 37F and the southwestern corner
of NTS 37E, between the Barnes Ice Cap and the south-
western coast of Baffin Island. It is considered to separate
orthopyroxene-bearing felsic plutonic rocks and granulite-
facies assemblages to the northwest (Dexterity granulite
belt) from lower grade, upper-amphibolite–facies rocks in
the southeast. A sharp break observed in aeromagnetic data
is coincident with the inferred fault zone; a pronounced
magnetic low to the southeast contrasts with magnetic
highs to the northwest (Figure 8a). The tectonic signifi-
cance of the zone remains ambiguous: Jackson (2000) sug-
gested that it represents the southern extent of the late
Archean/Paleoproterozoic Committee Orogen; alternatively,
a link to the Trans-Hudson Orogen has been proposed
(Bethune and Scammell, 2003b), with the zone marking the
northwesternmost extent of Trans-Hudson deformation.

The best exposures of the Isortoq Fault Zone appear to
occur at Eqe Bay, south of 70°N and therefore outside of the
study area. Nevertheless, Jackson (2000) gave the follow-
ing description of exposures of the Isortoq Fault Zone north
of 70°N:

In 1992, R. Berman and the author identified mylonites

along a 10 km stretch of the Isortoq Fault Zone that ex-

tends northeast from the south side of the Steensby Inlet

map sheet […]. This mylonite zone dips about 50 de-

grees southeast and is about 50 m wide. It is mostly

blastomylonite that contains rounded and rotated frag-

ments of quartz, antiperthitic plagioclase, minor

microcline, and rare myrmekite in a finely sheared and

recrystallized matrix composed mostly of quartz,

plagioclase, and green to brown biotite. […]

Elsewhere, only one mylonitic foliation is shown on the
bedrock maps for the Eqe Bay area (Bethune and
Scammell, 2003b), along the trace of the aeromagnetic
break upon which the continuation of the Isortoq Fault
Zone is inferred.

During fieldwork in 2018, foot and helicopter-supported
traverses conducted across the proposed hangingwall and
immediate footwall of the Isortoq Fault Zone in the south-
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Figure 8: a) Regional aeromagnetic data (Natural Resources Canada, 2017) focused on the
Isortoq Fault Zone in the southern parts of NTS map areas 37F and 37E, with the northwestern
side of the zone showing a pronounced magnetic high, whereas the southeastern side shows a
pronounced low, except for a patch of high magnetic readings southeast of the main boundary
(yellow circles highlight the position of traverses and helicopter-supported site visits). Field photo-
graphs from the southeastern corner of NTS 37F, at the IQ-A site (Figure 3), showing b) S-C-C’
fabrics in a mylonitic quartzofeldspathic rock on the southeastern side of the Isortoq Fault Zone
(photo facing southeast), consistent with oblique-dextral shear (top-to-the-south); c) mylonitic
fabric folded by decimetre-scale southeast-plunging crenulations in a biotite-bearing
quartzofeldspathic rock.



eastern corner of NTS map area 37F and the southwestern
corner of NTS 37E (Figure 8a) revealed no distinctly
sheared or high-strain rocks. Instead, monzogranitic to
granodioritic plutonic rocks exhibiting varying degrees of
foliation and/or lineation development, and locally exhibit-
ing a moderately developed gneissosity, were observed. No
mylonite was documented at site IQ-B (Figure 8a); how-
ever, mylonitic quartz-plagioclase-biotite schist occurs at
site IQ-A, defining a millimetre- to centimetre-scale
schistosity, locally exhibiting S-C-C' fabrics consistent
with dextral-sense, top-to-the-south shearing (Figure 8b)
that was locally refolded by decimetre-scale crenulations
(Figure 8c). Therefore, and considering mylonites docu-
mented southwest of the study area at Eqe Bay (Bethune
and Scammell, 2003b), mylonites sensu stricto occur as
10–50 m thick intervals, are estimated to measure up to
~1 km in strike length and lack continuity at the regional
scale.

The fieldwork conducted on either side of the proposed
fault zone has yielded two further observations: 1) rocks to-
ward the southeast have a much lower magnetic suscepti-
bility (generally below 0.05 SI) than those toward the
northwest (>0.1 SI and up to ~10 SI), consistent with re-
gional aeromagnetic surveys (Figure 8a); and 2) planar fab-
rics in rocks toward the southeast are shallowly dipping to
subhorizontal, whereas those to the northwest tend to be
moderately to steeply dipping. The dip direction is gener-
ally toward the east-southeast within ~10 km northwest of
the proposed fault zone. Therefore, despite the absence of
continuous high-strain zones coinciding with the proposed
trace of the Isortoq Fault Zone, the zone evidently repre-
sents a geological boundary: it separates moderately- to
steeply-dipping, magnetic, granulite-facies rocks in the
northwest from shallowly dipping, amphibolite-facies
rocks with low magnetic susceptibility in the southeast. To
confirm this hypothesis and establish the tectonic signifi-
cance of the proposed Isortoq Fault Zone, the age and pe-
trology of the rocks on either side of the zone need to be de-
termined. Furthermore, structural data from the proposed
fault zone must be interpreted within the context of the
regional structural framework that is currently under
compilation based on 2017–2018 field mapping.

Regional tectonic considerations

Observations from the 2017–2018 GEM-2 North Baffin
Bedrock Mapping campaign have provided a tectonostrati-
graphic framework for research into regional tectonics.
Ongoing geochronological and geochemical characteriza-
tion of basement gneiss and plutons will help determine the
Archean cratonic affinity of northern Baffin Island. Re-
solving the metamorphic and structural history of the study
area will fill a gap in the understanding of Baffin Island ge-
ology, potentially leading to tectonic and stratigraphic links
with other regions and a better understanding of constituent

structural elements. Notably, the role and importance of the
Isortoq Fault Zone with respect to the Archean tectonic
framework and Paleoproterozoic plate reconstructions
remains an open question.

Economic considerations

The fieldwork completed in 2017–2018 reveals that the
MRG is not as extensive as portrayed in previous 1:250 000
reconnaissance-scale mapping (cf., Jackson and Morgan,
1978; Jackson et al., 1978). In many locations, there was in-
deed significant outcrop of MRG, such as at Maino Lake
and Rowley River (Figure 3). However, in other localities,
felsic plutonic rocks were noted where MRG had been pre-
viously mapped. It seems that the spatial footprint of MRG
was overemphasized on the earlier reconnaissance-scale
maps, as observed when comparing the spatial extent of
MRG in new and earlier maps of the Kanajuqtuuq area
(Saumur et al., 2018b; cf. Davidson et al., 1979). These re-
sults refine the understanding of the mineral prospectivity
of the area, as greenstone belts are prospective for BIF-
hosted iron ore deposits, orogenic gold, and magmatic
nickel, copper and platinum-group elements.

Ironstone and BIF encountered during 2017–2018 map-
ping were dominantly of the oxide-facies type. The Magne-
tite Hill BIF showing also contains minor bornite and chal-
copyrite. Some of the iron-ore–rich rocks at Rowley River
may represent an extreme case of silicate-facies ironstone,
metasomatized and metamorphosed to upper-amphibolite
grade. Minor pyrite and arsenopyrite were observed at this
locality.

The area remains, in theory, of interest for diamond explo-
ration, as are other portions of the Archean Rae craton. Fu-
ture geochronological and isotopic work will elucidate
where the oldest, and potentially thickest (and thus most
prospective), portions of Archean cratonic basement occur.

Carving stone has been documented near the Mary River
mine (Steenkamp et al., 2017). At least two additional po-
tential localities for carving stone were identified during
2018 fieldwork: calcsilicate and marble of the Piling
Group, cropping out west of Steensby Inlet (Figure 7a, b);
and a second locality occurring ~20 km north of Rowley
River, consisting of a body of tremolite-bearing
serpentinized clinopyroxenite (Figure 6f), presumably of
the MRG, located near a 20 metre thick pegmatitic felsic
dyke (FC, Figure 3).

Future work

The compilation of five 1:100 000 scale bedrock geology
maps will synthesize the results of new bedrock mapping con-
ducted in NTS area 37G in 2017 and 2018, and in NTS 37F
and the western half of 37E in 2018. The integration of the
work done in 2017 and 2018 with new mapping by the
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CNGO in portions of NTS map areas 47E and 47H as part
of the Fury and Hecla Geoscience Project (Bovingdon et
al., 2018; Steenkamp et al., 2018; Zhang, 2018) will lead to
an updated, modern geoscience framework for northern
Baffin Island matching the level of that achieved for south-
ern Baffin Island (Weller et al., 2015; St-Onge et al., 2016).

Several research studies are ongoing, including an M.Sc.
thesis project (E. Bros, University of Alberta) focusing on
the stratigraphy and structural history of the Mary River
Group in the Tuktuliarvik (informally known as Long lake)
area (Figure 3). A new B.Sc. thesis project (M. O’Brien,
University of Ottawa) will focus on the petrography, miner-
alogy and isotope geochemistry of felsic plutonic rocks of
northern Baffin Island. An additional postdoctoral study
(Université du Québec à Montréal) on the effects of pro-
grade metamorphism on the geochemistry of magnetite and
BIFs is also planned.

To determine the metamorphic evolution of northern Baffin
Island, pressure-temperature-time (P-T-t) studies of sam-
ples from the 2017 study area are in progress, and addi-
tional studies are planned on selected samples collected in
2018. Specifically, P-T studies and in situ U-Pb monazite
dating are underway to investigate the tectonometamorphic
evolution of a basement-cover thrust imbricate in the
Qimivviq area (Figure 2), and of the Mary River Group in
the Tuktuliarvik (Figure 2) and ‘Felsenmeer flats’ (Fig-
ure 3) areas. Furthermore, P-T and in situ U-Pb monazite
studies are planned for key exposures of the MRG in the
2018 fieldwork area (NTS 37E, 37F). Results from this
work will be combined with geospatial analysis of the dis-
tribution of peak- (and, where applicable, retrograde-)
metamorphic assemblages across the study area to investi-
gate variations in regional metamorphic grade. Addition-
ally, structural data from the 2017 and 2018 map areas will
be compiled and interpreted to form a regional 3-D
structural framework.

To determine igneous crystallization and depositional ages
of the main rock units mapped in 2018, approximately 15
samples will be dated using U-Pb zircon geochronology.
Results of U-Pb zircon dating from the main rock units
mapped in 2017 are forthcoming; these will be released in
the public domain in a government (Geological Survey of
Canada) publication, with an estimated publication date of
May 2019.
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New regional mapping of Precambrian rocks north of Fury and Hecla
Strait, northwestern Baffin Island, Nunavut
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with researchers
and students from Laurentian University, McGill University and Université du Québec à Montréal. The multiyear project involves map-
ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System (NTS) map areas north and south of Fury and Hecla Strait on Baffin Is-
land and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).

Steenkamp, H.M., Bovingdon, P.J., Dufour, F., Généreux, C.-A., Greenman, J.W., Halverson, G.P., Ielpi, A., Patzke, M. and Tinkham, D.K.
2018: New regional mapping of Precambrian rocks north of Fury and Hecla Strait, northwestern Baffin Island, Nunavut; in Summary of
Activities 2018, Canada-Nunavut Geoscience Office, p. 47–62.

Abstract

This paper presents new field observations collected during five weeks of Precambrian bedrock mapping in summer 2018
in the area north of Fury and Hecla Strait on northwestern Baffin Island, Nunavut, and preliminary correlations with rock
units in neighbouring areas. Basement rocks, all presumed to be Archean in age, include tonalite–granodiorite orthogneiss
that hosts mafic–ultramafic intrusions; supracrustal panels comprising metamorphosed quartzite, biotite psammite, biotite-
muscovite±sillimanite±garnet semipelite–pelite, iron formation, mafic volcanic rocks and ultramafic bodies; K-feldspar
megacrystic monzogranite–quartz monzonite; massive syenogranite–quartz syenite; and pegmatitic felsic dykes. A non-
conformity surface separates the Archean basement components from the overlying Mesoproterozoic Fury and Hecla
Group sedimentary rocks. Field observations confirm the basin’s previously defined stratigraphy and add new data to fur-
ther constrain the depositional architecture and development of the basin. Neoproterozoic mafic igneous rocks cut the basin
and basement rock units, and provide an uppermost age limit for the chronostratigraphic development of the Fury and Hecla
Group.

Four tectonothermal events have imposed deformational and metamorphic structures, fabrics and mineral growth, which
are restricted to the Archean basement rocks. Brittle deformation associated with Meso- to Neoproterozoic extensional and
igneous events is evident across the study area. The area’s mineralization potential is still to be assessed through whole-rock
and assay geochemistry, but may include iron-formation–hosted Au and/or Mo, and magmatic Ni-Cu-PGE±Cr associated
with mafic–ultramafic rocks. Additionally, new U, Th and diamond-bearing kimberlite occurrences could be identified
through analytical processing of new geophysical-survey data.

Samples were collected to support thematic research projects to determine the timing of emplacement, protoliths and
tectonothermal histories of Archean basement rocks; the architecture and timing of deposition of the lithostratigraphic com-
ponents of the Fury and Hecla Basin; and the geochemical signatures and timing of mafic igneous events that cut the base-
ment and basin rocks.

Résumé

Le présent rapport fait état de nouvelles observations recueillies sur le terrain à l’été 2018, au cours de cinq semaines de
travaux de cartographie du socle rocheux précambrien dans une région située au nord du détroit de Fury and Hecla, au nord-
ouest de l’île de Baffin, au Nunavut; il présente en outre les premières corrélations établies entre les roches de la région et
celles des régions environnantes. Les roches du socle, présumément archéennes, se composent d’orthogneiss de nature
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tonalitique à granodioritique, renfermant des intrusions de composition mafique à ultramafique; de panneaux de roche
supracrustale constitués de quartzite métamorphisée, de psammite à biotite, de semipélite et pélite à biotite-musco-
vite±sillimanite±grenat, de formation ferrifère, de roches volcaniques mafiques et d’amas ultramafiques; de monzogranite
et de monzonite quartzique à phénocristaux de feldspath potassique; de syénogranite et de syénite quartzique massives; et
de dykes pegmatitiques de composition felsique. Une discordance sépare les éléments du socle archéen des roches
sédimentaires sus-jacentes du Groupe de Fury and Hecla d’âge mésoprotérozoïque. Les observations de terrain confirment
la stratigraphie du bassin auparavant établie et viennent ajouter de nouveaux éléments d’information qui permettront de
mieux circonscrire la répartition sédimentaire et l’évolution du bassin. Des roches ignées de composition mafique et d’âge
néoprotérozoïque recoupent les unités lithologiques du bassin et du socle rocheux et permettent d’établir une limite d’âge
supérieure à la mise en place du Groupe de Fury and Hecla.

Quatre épisodes tectonothermiques ont régi l’évolution des structures métamorphiques et celles liées à la déformation, de la
formation des fabriques et de la croissance des minéraux, dont le résultat ne se retrouve que dans les roches du socle archéen.
Des signes de déformation cassante associés à des processus ignés et d’extension s’étant produits au cours d’une période
s’étendant du Mésoprotérozoïque au Néoprotérozoïque se manifestent dans toute la région à l’étude. Le potentiel en
minéralisation de la région reste à définir au moyen d’analyses sur roche totale et d’essais géochimiques; il peut s’agir d’or
et/ou de molybdène encaissés dans des formations ferrifères, ou même de minéraux magmatiques (Ni-Cu-éléments du
groupe du platine±Cr) associés à des roches de composition mafique à ultramafique. En outre, de nouveaux indices
d’uranium, de thorium et de kimberlites diamantifères pourraient être découverts à l’aide de l’analyse de nouvelles données
provenant de levés géophysiques.

Les échantillons recueillis serviront à appuyer la recherche entreprise dans le cadre de projets ayant pour objet d’étudier
l’évolution de la mise en place, des protolites et des processus tectonothermiques associés aux roches archéennes du socle
rocheux; l’architecture et l’histoire de la sédimentation des composantes lithostratigraphiques du bassin de Fury and Hecla;
et enfin les signatures géochimiques et l’évolution des processus ignés de nature mafique ayant recoupé les roches du bassin
et du socle.

Introduction

The land north and south of Fury and Hecla Strait com-
prises presumed Archean to Paleoproterozoic orthogneiss
and paragneiss, a Mesoproterozoic to Neoproterozoic sedi-
mentary basin and subvolcanic intrusions, Paleozoic car-
bonate rocks and a variety of Quaternary glacial deposits
and landforms. Only parts of this area have been previously
mapped geologically through field-based work (e.g.,
Blackadar, 1964; Chandler, 1988; Ciesielski, 1992),
whereas some areas have been explored with low-resolu-
tion airborne geophysics (e.g., Holman et al., 2001) and
still other areas have never been geologically investigated.
Furthermore, a large part of the area does not have airborne
geophysical data despite the presence of known mineral re-
sources and showings in neighbouring regions, including
iron-ore deposits (Jackson, 1966; Young et al., 2004), dia-
mond-bearing kimberlite bodies (Chartier and Janusz-
czack, 2008), and U and Th anomalies (Fisher and Kwie-
cien, 1981; Chandler, 1988). The Canada-Nunavut
Geoscience Office, in partnership with researchers and stu-
dents from Laurentian University, McGill University and
Université du Québec à Montréal, has developed the Fury
and Hecla Geoscience Project (FHGP) to generate new
geoscience information for this area, thereby filling some
of these geoscience knowledge gaps.

The FHGP is a multiyear initiative that aims to collect mod-
ern geophysical data; conduct bedrock- and surficial-geol-
ogy mapping and sampling; constrain rock-crystallization
ages, metamorphic events and sedimentary deposition with
geochronology; and assess the natural composition and
economic potential of rock and till samples with geochem-
istry. With this information, a comprehensive geological
history of the region surrounding Fury and Hecla Strait can
be constructed, including the timing and duration of epi-
sodes of crust formation, tectonometamorphic events and
basin development. Similarly, relationships with neigh-
bouring crustal blocks to the south (Melville Peninsula)
and east (central Baffin Island) may be investigated to help
understand paleogeographic reconstructions and the poten-
tial for economic-mineral deposits and showings. The
study area includes all or parts of nine 1:250 000 National
Topographic System (NTS) map areas that are located
north and south of Fury and Hecla Strait on northwestern
Baffin Island and northern Melville Peninsula, respectively
(NTS 37C, F, 47C–H and 48A; Figure 1).

In 2017, the FHGP began with a regional airborne-geo-
physical survey over parts of NTS 37C and F, and 47D–F.
The survey was flown with north-trending traverse lines
and orthogonal control lines at 400 m and 2400 m line spac-
ings, respectively, and passively collected naturally occur-
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ring magnetic and radiometric signals from a nominal
terrane clearance of 125 m above ground level. The result-
ing datasets (Steenkamp, 2018a–h) were used to target key
areas of interest for the 2018 bedrock- and surficial-geol-
ogy mapping campaign, and identify important sampling
sites for thematic research projects being carried out by uni-
versity partners (Figure 2). This paper presents some of the
scientific questions that form the basis of the FHGP map-
ping campaign of Precambrian bedrock and highlight the
major rock types and features identified during 2018 field-
work. It also discusses the implications of these findings,
some economic considerations, and plans for future field-
and laboratory-based work that will add value to the project.

Regional and local geological setting

Basement rocks south, north and east of Fury and Hecla
Strait lie within the ca. 3.0–2.5 Ga Committee Bay fold belt
(Jackson and Berman, 2000; Corrigan et al., 2013), which
is part of the northern Rae domain in the western Churchill
Province (Hoffman, 1988). In general, these rocks repre-
sent Archean continental crust and supracrustal belts that
record enigmatic tectonometamorphic events prior to
2.7 Ga, and the MacQuoid orogeny at ca. 2.55–2.50 Ga
(Jackson and Berman, 2000; Bethune and Scammel, 2003a;
Sanborn-Barrie et al., 2003; Berman et al., 2010). The
western margin of the Committee Bay fold belt preserves a
ca. 2.35 Ga metamorphic fabric that is ascribed to the
Arrowsmith orogeny (Berman et al., 2013, 2015; Pehrsson

et al., 2013). The greater Rae domain is bordered to the west
by the 2.0–1.9 Ga Taltson-Thelon orogen (Hoffman, 1989)
and to the east by the ca. 1.9–1.8 Ga Trans-Hudson orogen,
to which its dominant northeast-striking structural fabric is
attributed (Hoffman, 1988; St-Onge et al., 2007, 2009).

South of the strait, Archean amphibolite- to granulite-grade
orthogneiss, migmatite and granitic intrusions predominate

Summary of Activities 2018 49

Figure 1: Location of the Fury and Hecla Geoscience Project study
area on northern Melville Peninsula and northwestern Baffin Is-
land, Nunavut.

Figure 2: Residual total-field magnetic data from the 2017 airborne geophysical survey of the southern part of the Fury and Hecla
Geoscience Project study area (Steenkamp, 2018a–h), and older datasets to the east and south (Miles et al., 2000).



(Northern Granulite block of Corrigan et al., 2013), with
lesser infolded paragneiss and a northeast-striking meta-
volcanic belt (Schau, 1993), which is located about 40 km
northwest of Igloolik. Farther south on Melville Peninsula,
the Prince Albert block, which comprises upper-green-
schist– to middle-amphibolite–facies orthogneiss, and
supracrustal and plutonic rocks, is flanked by the ca. 3.2–
2.8 Ga Prince Albert belt to the west and Roche Bay
greenstone belt to the east (Corrigan et al., 2013). Although
these greenstone belts contain similar rock types, including
basaltic to ultramafic flows and sills, intermediate to felsic
volcanic components, clastic and chemical sedimentary
rocks, and banded iron formation (Machado et al., 2011,
2012; Corrigan et al., 2013), questions pertaining to the orig-
inal timing and spatial relationships of their deposition re-
main.

Northeast of the study area, tonalitic gneiss dated at 2851
+20/–17 Ma (Jackson et al., 1990) and granodioritic gneiss
with a preliminary age of ca. 2900 Ma (Young et al., 2007)
predominate. Extensive belts of greenschist-facies mafic
metavolcanic rocks with lesser siliciclastic rocks, banded
iron formation, and felsic to intermediate volcanic and
ultramafic rocks make up the Mary River Group (Johns and
Young, 2006). Adacite within the Mary River Group, dated
at 2718 +5/–3 Ma (Jackson et al., 1990), constrains the tim-
ing of volcanic eruptions and deposition of associated sedi-
mentary rocks within this part of the metavolcanic belt.
Weakly deformed to undeformed monzogranite–grano-
diorite, feldspar-megacrystic monzogranite–granodiorite
and coarse-grained to pegmatitic syenogranite intrude the
older tonalite–granodiorite gneiss and Mary River Group
rocks (Skipton et al., 2017). Crystallization ages for these
plutonic phases are limited (e.g., 2709 +4/–3 Ma crystalli-
zation age of a quartz syenite intrusion 50 km north of the
Mary River Group dacite; Jackson et al., 1990), leaving
questions regarding their petrogenesis and relative rela-
tionships to other plutonic bodies in the Rae domain unan-
swered.

The Archean rocks exposed on northern Baffin Island ex-
hibit evidence of increasing metamorphic grade toward the
southeast, reaching granulite-facies conditions, as pre-
served in the ~70 km wide, east-northeast-striking Dexter-
ity granulite belt in the Eqe Bay area (Jackson and Berman,
2000). The Isortoq Fault, a major southeast-dipping struc-
ture with evidence of early northwest-directed thrusting,
juxtaposes relatively lower grade metaplutonic rocks over
the Dexterity granulite belt via later extensional movement
along the same surface (Jackson, 2000; Bethune and Scam-
mell, 2003b). Metamorphism and deformation along the
Isortoq Fault, related to the Trans-Hudson orogen, began
with thrusting at ca. 1.85 Ga and culminated with peak
metamorphism at ca. 1.83–1.82 Ga, as recorded in the hang-
ingwall and footwall rocks, respectively (Bethune and
Scammell, 2003b).

The rocks along the shorelines of Fury and Hecla Strait and
Admiralty Inlet, and up to ~100 km inland from the south-
ern shores of Baffin Island, were first investigated in 1955–
1957 (Blackadar, 1958; 1963; 1964). During later mapping
along the northern shores of the strait (Ciesielski and
Maley, 1980), Archean rocks from latitude 83°50’W east-
ward to Nyeboe Fiord (latitude 86°30’W) were divided into
eastern and western blocks based on their constituent rock
types (Ciesielski, 1992). The eastern block comprises
tonalitic orthogneiss, with local inclusions of amphibolite
and interlayered ultramafic and metasedimentary rocks,
and is intruded by a large pluton of pink granite with local
porphyritic textures and inclusions of amphibolite and
tonalitic gneiss. The western block also contains tonalitic
orthogneiss, with minor metasedimentary, amphibolite and
ultramafic lenses. Metasedimentary rocks, interpreted as
correlative with the Prince Albert Group, are exposed east
of Nyeboe Fiord in the western block and comprise sand-
stone and quartz arenite, meta-ultrabasite, amphibolite and
iron formation. Finally, the western block includes weakly
deformed to undeformed granite intrusions that are deemed
correlative with the pink granite in the eastern block (Cies-
ielski, 1992).

The metamorphic and plutonic basement rocks described
above are nonconformably overlain by approximately 6500 m
of terrestrial to marine sedimentary and minor (sub)volca-
nic rocks of the Mesoproterozoic to Neoproterozoic Fury
and Hecla Group (Chandler et al., 1980, Chandler 1988).
Chandler et al. (1980) divided the group into six members
(from base to top):

1) Nyeboe Formation: immature basal conglomerate, red
quartz arenite, red shale, quartz-pebble conglomerate,
stromatolitic dolomite and up to three basalt flows (ae-
rial and subaerial)

2) Sikosak Bay Formation: crossbedded and wave-rippled
white and pink quartz arenite

3) Hansen Formation: chloritic, amygdaloidal, subaerial
basalt flows

4) Agu Bay Formation: lower dolomite member contain-
ing reefal stromatolitic dolomite, middle black shale
member containing siltstone and shale with discrete
quartz arenite and calcarenite beds, and upper redbed
member containing coarsening-upward red shale–sand-
stone

5) Whyte Inlet Formation: crossbedded, pink quartz arenite

6) Autridge Formation: lower Mikkelsen Member com-
prising a fining-upward sequence of grey quartz arenite,
siltstone and black shale, and upper Cape Appel Mem-
ber with syneresis-cracked black shale and thin beds of
rippled quartz arenite

7) Dybbol sill: 40–80 m thick, coarse-grained gabbro that
caps the Fury and Hecla Group stratigraphy
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This sequence has been correlated with the lower part of the
Bylot Supergroup, located 200 km to the north. Like those
rocks, the Fury and Hecla Group strata are interpreted to
represent a transition from a terrestrial to a mainly shallow-
marine environment with an eastward-migrating ocean
margin where deeper water sedimentation is preserved only
in the westernmost part of the basin (Chandler, 1988; Long
and Turner, 2012).

Whereas the stratigraphy of the Fury and Hecla Group is
largely well constrained, sedimentological details that
would allow for interpretation of basin development and
architecture are limited. Furthermore, the timing of sedi-
mentary deposition has been only loosely constrained with
K-Ar whole-rock ages, a method that is now superseded by
modern, higher resolution geochronology methods. Chan-
dler and Stevens (1981) determined K-Ar crystallization
ages for basalts of the Nyeboe Formation at 1121 ±33 Ma,
1117 ±40 Ma and 1089 ±32 Ma; the Dybbol sill that caps the
Autridge Formation at 716 ±166 Ma and 746 ±87 Ma; and
two gabbro dykes that cut the stratigraphy at 631 ±43 Ma
and 643 ±47 Ma. There are currently no detrital zircon or
other geochronology studies available for the Fury and
Hecla Group, so the depositional ages of individual units
can be based only on ages determined for correlative units
elsewhere in the Bylot Supergroup.

As noted in the previous paragraph, gabbroic and diabase
dykes and sills intrude all previously mentioned rock units,

including the Dybbol sill. These bodies are interpreted as
products of the ca. 723 Ma Franklin igneous events (Hea-
man et al., 1992) and intrude along pre-existing, southeast-
trending structural lineaments. However, the Fury and
Hecla Group basalts and the Franklin intrusions would ben-
efit from a new geochronological investigation using mod-
ern methods. Furthermore, there is currently no geochemi-
cal or isotopic information for the volcanic units in the Fury
and Hecla Basin or for the dykes and sills. Such information
could improve the understanding of mantle-plume–gener-
ated hotspots and Neoproterozoic tectonic events sur-
rounding the breakup of Laurentia (Heaman et al., 1992).

Field observations

The 2018 field season was based from a temporary camp on
the Gifford River from June 13 through August 15. Bed-
rock mapping involved setting out up to four teams on daily
traverses and targeted stops using a Bell 206 helicopter. In
the field, rock relationships, structural fabrics, and mineral
modes and textures were digitally recorded in handheld
field tablets by direct observation of outcrops, and digital
photographs and hand samples were collected for subse-
quent laboratory analyses and map-unit interpretations.
Described below are the characteristics of the principal
rock units, ordered from oldest to youngest based on field
relationships; potential correlative rock units from neigh-
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Figure 3: Simplified regional geology of the mapped portion of the 2018 Fury and Hecla Geoscience Project study area, northwestern
Baffin Island, Nunavut.



bouring areas; and a synthesis of deformational and meta-
morphic features in the study area (Figure 3).

Archean(–Paleoproterozoic) basement rocks

Tonalite–granodiorite orthogneiss

Much of the central, western and northern parts of the
mapped area comprises strongly foliated, medium-grained
tonalite–granodiorite orthogneiss (Figure 3). The gneissic
fabric is typically defined by leucocratic and mesocratic
layers (Figure 4a), which contain plagioclase+quartz+K-
feldspar with minor biotite, and biotite+quartz+plagioclase
with local amphibole or chlorite, respectively. A mineral
foliation, oriented parallel to the gneissosity, is defined by
the alignment of biotite and locally by amphibole. The
leucocratic material commonly contains coarse-grained
feldspar crystals and envelops abundant mafic pods and
lenses, which are generally finer grained (Figure 4b). The
gneissic fabric is commonly tightly folded, and the folds are
axial planar to the dominant gneissic and mineral folia-
tions, as observed in hand-sample to outcrop scales.

Rafts and discontinuous layers (0.5–25 m thick) of mafic–
ultramafic rocks are common in the tonalite–granodiorite
orthogneiss. These bodies are transposed parallel to the
orthogneiss fabric, and locally contain internal composit-
ional layering and/or mineral foliations that are similarly
parallel. Compositionally, these rocks vary between horn-
blende gabbro and pyroxenite, and have a range of grain
sizes and textures. Present in several locations is medium-
grained gabbro containing coarse plagioclase agglomer-
ates that locally define a layering fabric (Figure 4c) and
give the rock a bumpy ‘popcorn’ texture on weathered sur-
faces. In general, these rocks have a slightly higher concen-
tration of magnetite compared to the tonalite–granodiorite
orthogneiss, thus generating small magnetic anomalies in
the geophysical-survey data.

The compositional variation of the tonalite–granodiorite
orthogneiss, inclusion of mafic enclaves and evidence of
multiple deformational and metamorphic events all corre-
late with descriptions of the biotite granodiorite–tonalite
gneiss of Scammell and Bethune (1995) in the Eqe Bay
area and the granodiorite–tonalite–monzogranite gneiss of
Skipton et al. (2017) between Pond Inlet and Mary River.

Mafic–ultramafic intrusions

Several 50–250 m wide, laterally continuous to folded, lay-
ered mafic–ultramafic intrusions (Figure 3) discovered in
the northern and eastern parts of the mapped area are hosted
within the tonalite–granodiorite orthogneiss described
above. These rocks contain abundant magnetite and can
therefore be easily identified as strong magnetic anomalies
in the geophysical-survey data. Direct observation of these
rocks is limited due to extensive till cover in most locations,
and boulder-dominated subcrops in many other locations

(Figure 4d). However, the magnetic-anomaly data illustrate
that the intrusions are deformed along with the host
tonalite–granodiorite orthogneiss, with the largest body be-
ing isoclinally folded about a north-striking axial plane
(Steenkamp, 2018e, g).

The larger bodies preserve internal primary compositional
layering, with rock types of anorthosite to websterite alter-
nating every 5–25 m. Bovingdon et al. (2018) detail the
characteristics of mafic–ultramafic rocks found at three
sites, as well as their contact relationships to the basement
orthogneiss, some structural elements and economic poten-
tial. It is not clear whether these larger mafic–ultramafic
rock bodies are petrogenetically related to the smaller dis-
continuous enclaves, pods and lenses of mafic and ultra-
mafic rocks in the tonalite–granodiorite orthogneiss. The
layered mafic–ultramafic bodies are likely correlative with
those described by Skipton et al. (2017) southwest of Pond
Inlet.

Metamorphosed supracrustal rocks

The majority of metamorphosed supracrustal rocks are in
the western part of the study area (central part of NTS 47F),
although 1–10 m long enclaves and pods of similar supra-
crustal components are locally present in the tonalite–gran-
odiorite orthogneiss and foliated monzogranite (described
below) throughout the study area. West of Nyeboe Fiord is
an area with several 25–500 m thick panels of metamor-
phosed supracrustal rocks comprising pyroxene-bearing
metabasite; biotite psammite; quartzite with muscovite and
rare garnet; minor biotite-muscovite±sillimanite±garnet
semipelite–pelite; and isolated—albeit large—boudinaged
ultramafic rocks. Gossanous (rusty)–weathered biotite
psammite containing sulphides (primarily pyrite) is associ-
ated with metabasite and intermediate–felsic volcanic
rocks (Figure 4e). Semipelite–pelite and interlayered
quartzite beds and laminae preserve centimetre- and out-
crop-scale folds, as well as C' shear bands that dissect the
biotite±muscovite foliation and compositional layering
(Figure 4f). The ultramafic rocks range in composition
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Figure 4: Representative photographs of rock types in the 2018
Fury and Hecla Geoscience Project study area, northwestern
Baffin Island, Nunavut: a) folded gneissic fabric in tonalite–
granodiorite orthogneiss cut by 5–10 cm thick syenogranite dykes
(geologist for scale is 1.7 m tall); b) diorite pods in migmatitic
tonalite–granodiorite gneiss (hammer for scale is 40 cm long);
c) white aggregates of plagioclase with varying grain sizes and
abundances define compositional layers in foliated gabbroic bod-
ies hosted in the tonalite–granodiorite orthogneiss; d) subcrop ex-
posure of deformed alternating layers of mafic intrusions and host
tonalite–granodiorite orthogneiss (airphoto looking southwest);
e) supracrustal pyroxene-bearing metabasite, gossanous biotite
psammite and fine-grained metabasite west of Nyeboe Fiord;
f) rusty-weathering biotite-rich semipelite with folded quartz-rich
layers in a supracrustal panel west of Nyeboe Fiord; g) pale green
quartzite containing disseminated, fine-grained muscovite in a
supracrustal panel east of Nyeboe Fiord; h) thin strips of black
meta–iron formation and intercalated biotite psammite in a
supracrustal panel east of Nyeboe Fiord.
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from olivine websterite to lherzolite, contain coarse-
grained orthopyroxene in an olivine- and clinopyroxene-
rich matrix, and are locally serpentinized. One outcrop of
ultramafic rocks northwest of Nyeboe Fiord is 250 m wide
and laterally continuous for 1.5 km, and appears to preserve
magmatic compositional layering.

East of Nyeboe Fiord is a second concentration of meta-
morphosed supracrustal-rock panels structurally interca-
lated with basement orthogneiss, although their assem-
blages are dominated by biotite psammite and quartzite
with minor iron formation and mafic–ultramafic pods and
discontinuous layers. The quartzite contains abundant fine-
grained muscovite that makes the rock appear pale green
(Figure 4g). The banded iron formation is present as 2–4 m
thick layers intercalated with biotite psammite (Figure 4h)
and consists of alternating layers of finely crystalline
magnetite and quartz.

Where exposed, the contacts between the supracrustal
rocks and the basement orthogneisses appear to be structur-
ally transposed. At one site, the contact between foliated
monzogranite and a supracrustal sequence of amphibolite-
quartzite-semipelite is a 30 m wide valley with evidence of
brittle deformation (boulders composed of brecciated rock
fragments and quartz stockwork litter the valley). At an-
other site, the contact zone was marked by several metres of
protomylonitic granodiorite with a well-developed, moder-
ately plunging lineation.

Based on the supracrustal-rock assemblages, indications of
metamorphic grade and deformation, and relationships
with basement orthogneiss, the supracrustal panels are
likely correlative with the Mary River Group (Young et al.,
2004; Johns and Young, 2006; Skipton et al., 2017).

K-feldspar–megacrystic monzogranite–quartz
monzonite

Potassium-feldspar–megacrystic monzogranite intrudes
the tonalite–granodiorite orthogneiss in the area around
Gifford Fiord (Figure 3). Potassium-feldspar crystals up to
6 cm wide were locally observed but typically average 1.5–
2.5 cm wide and form up to 15% of the rock. The matrix
contains medium- to coarse-grained plagioclase, quartz,
biotite and fine-grained disseminated magnetite. The K-
feldspar crystals are commonly in alignment with biotite in
the matrix and define a weak foliation.

Quartz monzonite underlies the southeasternmost part of
the study area (Figures 3, 5a). Its intrusive contact with the
tonalite-granodiorite orthogneiss can be traced southward
onto Kapuiviit (formerly Jens Munk Island). Potassium-
feldspar is only locally porphyritic (up to 4 cm wide), al-
though abundant (>35% of the rock). Biotite and dissemi-
nated magnetite are the common mafic phases, and biotite
is aligned to define a weak foliation. Deformation is locally
more intense in the easternmost visited outcrops, where the

matrix-mineral grain size is reduced and K-feldspar pheno-
crysts are rotated, stretched and wrapped by biotite.

It is unclear if these two types of K-feldspar–phyric rocks
are petrogenetically related; however, their field relation-
ships and deformation textures suggest they record similar
tectonometamorphic events and are therefore likely related
in terms of emplacement. The mineral content and textures
observed in these rocks are similar to the 2726–2714 Ma K-
feldspar–megacrystic granite of Scammell and Bethune
(1995) in the Eqe Bay area, and the 2709 +4/–3 Ma (Jack-
son et al., 1990) feldspar-megacrystic monzogranite–
granodiorite of Skipton et al. (2017) south of Pond Inlet.
Although not directly observed in this study area, those in-
trusions are described as containing enclaves of older
tonalite–granodiorite orthogneiss and supracrustal rocks.

Massive syenogranite–quartz syenite

Small bodies of homogeneous, medium-grained and mas-
sive syenogranite–quartz syenite cut the tonalite–
granodiorite orthogneiss (Figure 3), likely as foliation-par-
allel sills. In the eastern part of the study area, syeno-
granite–quartz syenite commonly caps the outcrops on top
of plateaus. Fine- to medium-grained biotite and magnetite
form up to 1% of the rock (Figure 5b) and cause a slight
magnetic anomaly relative to the magnetite-poor tonalite–
granodiorite orthogneiss. A possible correlative rock unit
in the Eqe Bay area is an undeformed, pink, biotite granite
with similar field relationships that has a crystallization age
of 2702 ±3 Ma (Bethune and Scammell, 2003a).

Pegmatitic felsic dykes

All previously described basement-rock units across the
study area are cut by randomly oriented, pegmatitic felsic
dykes that vary in width from 10 cm to 4 m. These dykes
commonly comprise K-feldspar with white-quartz cores
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Figure 5: Representative photographs of rock types in the 2018
Fury and Hecla Geoscience Project study area, northwestern
Baffin Island, Nunavut: a) K-feldspar megacrysts in biotite quartz
monzonite; b) f ine-grained, homogeneous and massive
syenogranite with rare biotite grains and disseminated magnetite
(not visible); c) vesicular basalt pillows with aphanitic, red-weath-
ering margins (left) from the centre of the basin, and quartz-cobble
conglomerate (right) from the eastern part of the basin in the lower
Nyeboe Formation stratigraphy (hammers for scale are approxi-
mately 40 cm long); d) orange-weathering dolomitic stromatolites
(foreground in the river bed), overlain by black (mid-ground cliff ex-
posure) and red shale (background cliff exposure, left) of the Agu
Bay Formation (river is 8 m wide in foreground); e) plane beds with
planar laminations (geologist for scale) in the Whyte Inlet Forma-
tion are locally interrupted by thin, monomictic granule beds (inset,
top surface of tempestite bed; coin for scale indicated by arrow); f)
abundant sandstone and minor shale beds in the Mikkelsen Mem-
ber of the Autridge Formation (geologist for scale); g) repeated
coarsening-upward parasequences (defined by dashed white
lines) of the Cape Appel Member of the Autridge Formation (river is
15 m wide in foreground); h) two parallel Franklin dykes cut through
Whyte Inlet Formation sandstone in the westernmost part of the
Fury and Hecla basin, creating topographic highs near the coast-
line (lake is 440 m long).
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and rarely contain biotite or muscovite concentrated at the
intrusive contact with the hostrock. In some places, the
dykes form networks dissecting the hostrock. Some of the
larger pegmatitic dykes were identified along major fault
traces and are associated with local alteration of the hostrock
within and immediately surrounding the fault zones. The
pegmatitic felsic dykes are restricted to the basement rocks
and therefore are interpreted to predate deposition of the
Mesoproterozoic Fury and Hecla Group rocks.

Fury and Hecla Group

The mapped extent of the basin was expanded as more Fury
and Hecla Group rocks were identified west of Nyeboe
Fiord and a small outlier of basal Nyeboe Formation was
discovered east of Gifford Fiord at Siuraarjuk. Whereas the
stratigraphy of the Mesoproterozoic Fury and Hecla Group
rocks is well constrained (Chandler et al., 1980; Chandler
1988; Long and Turner, 2012), new field observations were
collected to better interpret the basin’s depositional archi-
tecture. Samples were collected for detrital zircon and Re-
Os geochronology, as well as for micropaleontology, pe-
trography and paleomagnetic reconstruction. In general,
the contacts between formations are gradational, and only
recognizable where they are well exposed (i.e., river cuts or
fault-scarp walls).

Many notable features were identified in the basin rocks.
Eolianites are present near the base of the Nyeboe Forma-
tion and are overlain by a thick conglomerate wedge in the
eastern part of the basin (Figure 5c). The deposition of this
conglomerate appears broadly contemporaneous with ex-
trusion of the 1121–1089 Ma (Chandler and Stevens, 1981)
pillow and flow basalts in the western part of the basin (Fig-
ure 5c). The Sikosak Bay Formation, although generally
poorly exposed, preserves ubiquitous mature, crossbedded
quartz arenite and symmetric wave ripples, indicative of
shallow-marine deposition. The Hansen Formation com-
prises massive to columnar-jointed, fine-grained to por-
phyritic basalt and is found between the Nyeboe and
Sikosak Bay formations in the western part of the basin, and
within the Sikosak Bay Formation in the central part of the
basin. Geochemistry and petrography will confirm whether
the Hansen Formation represents a subaerial basaltic flow
(Chandler et al., 1980) or perhaps a shallowly emplaced sill
that obliquely cuts the basin stratigraphy, as contact
relationships are not clearly exposed and field observations
are limited.

The Agu Bay Formation is characterized by shallow-ma-
rine carbonate rocks locally containing dolomitic stroma-
tolite reefs that are overlain by black and red shales (Fig-
ure 5d), possibly representing the progressive drowning of
a lagoonal environment. Similar to the Sikosak Bay Forma-
tion, the Whyte Inlet Formation is dominated by extremely
mature quartz arenite with plane beds, large-scale
crossbeds and symmetric wave ripples typical of a shallow-

marine environment; however, it also preserves numerous
monomictic granule beds (Figure 5e), interpreted as
tempestites deposited during storm events. The Mikkelsen
Member of the Autridge Formation contains abundant
sandstone with minor shale at its base (Figure 5f) and tran-
sitions to more abundant shale and minor sandstone at its
top. It appears to represent a marine transgression from the
shallow-marine environment of the underlying Whyte Inlet
Formation to the overlying deeper marine black shales of
the Cape Appel Member. The Cape Appel Member of the
Autridge Formation is characterized by repetitive, 15–20 m
thick, coarsening-upward parasequences (Figure 5g) that
suggest deposition in a wave-dominated environment.

Full field stratigraphic and sedimentological descriptions
of the Nyeboe, Sikosak Bay and Whyte Inlet formations
can be found in Patzke et al. (2018), while the Agu Bay and
Autridge formations are discussed in Greenman et al.
(2018).

Neoproterozoic intrusions

Dybbol sill and Franklin dykes

The top of the Fury and Hecla Group stratigraphy is capped
by the Dybbol sill. Exposures are only preserved on the
peninsula south of Autridge Bay and along the coast to the
west at Cape Appel (Figure 3). The sill is 40–80 m thick and
locally exhibits columnar jointing in cliff exposures. It com-
prises rocks with homogeneous, medium-grained grey plag-
ioclase, minor green clinopyroxene (<3%) and rare magne-
tite. Chandler and Stevens (1981) broadly constrained the
timing of emplacement of the Dybbol sill at ca. 746–
716 Ma (with considerably large errors), although its mag-
matic source and relationships to other igneous and tectonic
events are unknown.

Gabbroic dykes that cut the basement gneiss and plutons, as
well as the Fury and Hecla Group stratigraphy and the
Dybbol sill, were emplaced along southeast-striking faults
and fractures in the study area. The dykes are 10–500 m
wide, locally diverge and converge into/from parallel enti-
ties, and are continuous across the study area for more than
220 km. Where exposed, the dykes preserve 5–20 cm wide
chilled margins with aphanitic to porphyritic textures. The
dyke cores typically comprise medium-grained plagioclase
laths (>75%), interstitial pyroxene, disseminated magnetite
and rare sulphides. The dykes are attributed to the Franklin
igneous events (Heaman et al., 1992), based on two K-Ar
dates of 643 ±27 Ma and 631 ±43 Ma (Chandler and
Stevens, 1981). However, higher precision dating and geo-
chemical studies are required to better constrain their mag-
matic source and emplacement history, as well as under-
stand the tectonic implications of such large igneous
events. Further field observations of the mafic igneous
events in the Fury and Hecla study area, including the
Nyeboe Formation volcanic rocks, the Hansen Formation,
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the Dybbol sill and the Franklin dykes, will be presented by
F. Dufour et al. (work in progress).

Regional metamorphism and deformation

Regional deformation and metamorphism have affected the
basement gneiss and felsic plutonic rocks, and therefore pre-
date the Mesoproterozoic Fury and Hecla Group and the
Neoproterozoic mafic intrusive rocks, which appear to only
be impacted by later, brittle-deformation events. Regional
deformation and metamorphic events, as well as folding,
foliation fabrics and stretching lineations described in this
section, are given the labels Dn, Mn, Fn, Sn and Ln, respec-
tively, where n represents a numbered ‘event’ or ‘stage’ in
order of oldest (n = 1) to youngest (n = 4) based on direct
field observations, and does not specifically correlate with
other labelled events published by other authors (e.g.,
Bethune and Scammell, 2003b; Young et al., 2004; Skipton
et al., 2017).

The earliest phase of deformation (D1) recorded in the base-
ment rocks is characterized by mineral foliations in diorite
and pyroxenite enclaves and pods that are oblique to folia-
tion fabrics in the tonalite–granodiorite orthogneiss. The
D1 fabrics are defined by aligned medium-grained horn-
blende, suggesting that the event was associated with am-
phibolite-facies metamorphism (M1). These features may
correlate with evidence of the earliest phase of deformation
and metamorphism recognized by Bethune and Scammell
(2003b) in the Eqe Bay area, which is interpreted to predate
the ca. 2770 Ma deposition of the Eqe Bay greenstone belt.

Asecond tectonothermal event, D2, has overprinted any ev-
idence of D1 in the tonalite–granodiorite orthogneiss. The
D2 event is characterized mainly by its M2 metamorphic-
mineral assemblages: garnet, sillimanite, biotite and mus-
covite in pelite, semipelite and psammite; amphibole and
rare clinopyroxene in metabasite; and magnetite, quartz
and rare amphibole in meta–iron formation. In the
supracrustal rocks, the M2 biotite, muscovite and/or horn-
blende define bedding-parallel S2 mineral foliations. In the
tonalite–granodiorite orthogneiss, S2 is defined by gneissic
banding and aligned biotite (and locally hornblende). The
mineral assemblages and the local presence of centimetre-
scale melt pockets, seams and lenses (<3% rock volume) in
the supracrustal rocks indicate that M2 peak metamorphism
reached amphibolite-facies conditions below 650–750°C
(the pressure-dependent temperature range for complete
muscovite-dehydration reactions in pelitic rocks;
Thompson, 1982; Spear et al., 1999).

A third deformational event (D3) is likely responsible for
the transposition of S2 fabrics to define the main regional
foliations (S3) across the study area, the local reorientation
of the S2 fabrics about isoclinal folds (F3) and the develop-
ment of stretching lineations (L3). The S3 fabrics are domi-
nantly northeast and southwest striking, and moderately to

shallowly dipping across the study area, suggesting north-
west–southeast compressional forcing. The F3 folds are
generally axial planar to the S3 fabrics, range from hand-
sample to outcrop scale and have shallowly to moderately
plunging hinges. Larger scale folds are also apparent in the
aeromagnetic survey data (Figure 2; Steenkamp, 2018a–h).
Stretching lineations (L3) defined by quartz rodding, elon-
gate augen porphyroclasts and commonly oriented pris-
matic crystals (such as sillimanite or amphibole) all plunge
shallowly to moderately toward the northeast. It is possible
that the D3 structures developed through a protracted pe-
riod of deformation following the D2 and M2 events. An al-
ternative explanation may be that they relate to collision of
the western Churchill Province and Superior plate during
the ca. 1.9–1.8 Ga Trans-Hudson Orogen (Hoffman, 1988;
St-Onge et al., 2007; Corrigan et al., 2009). This Himala-
yan-scale orogen caused penetrative and prolonged defor-
mation and metamorphism far afield from the orogenic
front and has largely overprinted evidence of earlier tec-
tonothermal events in the Rae domain. Structures gener-
ated during orogeny in the neighbouring northwestern
Hudson Bay and central Baffin Island areas are generally
northeast and southwest striking, similar to this study area,
and evidence of associated granulite- and amphibolite-grade
metamorphism is widespread (e.g., Bethune and Scammell,
2003b; Young et al., 2004; Steenkamp et al., 2015, 2016).

Brittle deformation is expressed predominantly in sets of
northwest- and east-striking faults and fractures that cut the
basement and the Fury and Hecla Group throughout the
study area. In NTS 47E, two northwest-striking normal
faults expose basement orthogneiss in <150 m tall footwall
cliffs, with Paleozoic stratigraphy preserved in the down-
dropped hangingwall. Glacially scoured fault lineaments
expose bleached and brecciated hostrocks with precipitated
quartz stockwork and local epidote as evidence of siliceous
hydrothermal-fluid infiltration and alteration. The north-
west-oriented fault set is parallel and likely related to the
Nina Bang, Central Borden and White Bay normal faults to
the north (Johns and Young, 2006), of which the latter is as-
sociated with the stratigraphy of the Mesoproterozoic Bor-
den Basin (Jackson and Iannelli, 1981; Long and Turner,
2012). The east-striking fault set is parallel, and likely re-
lated, to dextral-transform faults identified in aeromagnetic
data of the area extending from the Mary River area to the
Barnes Ice Cap (Johns and Young, 2006), and subparallel to
east-southeast-oriented faults on Melville Peninsula that
are also inferred to have developed during the Mesoprot-
erozoic (Schau, 1993). However, the Neoproterozoic Frank-
lin dykes intrude the northwest-striking fault set but also lo-
cally follow the east-oriented fault set and illustrate minor
left-lateral (sinistral) displacement of the former along the
latter.
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Economic considerations

Past investigations into mineral resources associated with
Precambrian rocks in the Fury and Hecla study area have
been limited in scope owing to the low resolution and vin-
tage of published framework-geological datasets, maps
and information. Following the framework mapping of the
Fury and Hecla Basin and the nearby Precambrian base-
ment rocks conducted in 1979 (Chandler et al., 1980;
Ciesielski and Maley, 1980), exploration of new U and Th
anomalies was initiated but only lasted for a limited time
span (Fisher and Kwiecien, 1981). The U and Th anomalies
are concentrated in fault and fracture planes that dissect the
nonconformity surface between felsic Archean metaplu-
tonic and Mesoproterozoic basin rocks. During the 2018
field work, a handheld gamma-ray spectrometer was used
to quantify radioactive U, Th and K concentrations at sev-
eral sites along the nonconformity and throughout the Fury
and Hecla Group lithostratigraphy (Patzke, et al., 2018).
Although no new anomalous values were recorded in the
field, the new radiometric survey data outline two regions
north of the basin with relatively high radioactive
signatures (Steenkamp, 2018c–f) that may warrant further
evaluation.

In the late 1990s and early 2000s, numerous new surficial-
geology maps and till geochemical-survey datasets from
across northern Baffin Island were released (e.g., Dyke and
Hooper, 2000, 2001) and supported local prospecting that
resulted in the discovery of two microdiamond-bearing
kimberlite sheets on the east side of Erichsen Lake (NTS
47F). De Beers Canada staked a large region surrounding
the discovery sites and collected till samples from the east-
ern half of NTS 47F, as well as areas north and east of the
Fury and Hecla study area. The sampling led to the discov-
ery of several more kimberlite targets and, by 2007, De
Beers Canada had drilled 40 holes across their Baffin prop-
erty, obtaining maximum kimberlite intersections of 2.05 m
(McMonnies et al., 2007; Chartier and Januszczack, 2008).
Despite these uninspiring results, the 2018 field mapping
has identified that Archean basement orthogneiss similar to
the kimberlite’s hostrock at Erichsen Lake is continuous to
the west and may still contain undiscovered kimberlite bod-
ies. Processing the new geophysical-survey data
(Steenkamp, 2018a–h) to highlight magnetic-anomaly
structures that are commonly associated with kimberlite in-
trusions may provide a reasonable first-order analysis of
the diamond-bearing kimberlite potential in the study area.

New areas of interest with potential for economic resources
include the mafic–ultramafic intrusions and the metasedi-
mentary rocks described above. The mafic–ultramafic in-
trusions are commonly associated with intense magnetic
anomalies in the geophysical-survey data (Figures 2, 3;
Steenkamp, 2018a–h) and occur at varying scales hosted in
the tonalite–granodiorite orthogneiss. Detailed mapping of

two of the larger bodies reveals metre-scale compositional
layering that varies from websterite to leucogabbro and an-
orthosite (Bovingdon et al., 2018). With further assessment
of their petrology and geochemistry, the potential for Ni-
Cu-PGE or other magmatic metal occurrences will be better
constrained. A250 m by 1.5 km ultramafic body, comprising
magmatically layered websterite to lherzolite with local
serpentinization, is associated with supracrustal rocks west
of Nyeboe Fiord. This rock type may also be prospective
for Ni-Cu-PGE and/or Cr occurrences, similar to meta-
peridotite sills in the Prince Albert belt on Melville Penin-
sula (Corrigan et al., 2013) or gabbroic intrusions with Cu
showings (malachite) in the Mary River Group that are ex-
posed in Royal Society Fiord on northern Baffin Island
(Johns and Young, 2004).

Metamorphosed supracrustal rocks found west of Nyeboe
Fiord also preserve gossanous-weathered biotite psammite
associated with metabasite units. Similar rock assemblages
and characteristics found on southern Baffin Island
(Steenkamp, 2014) are associated with elevated Mo con-
centrations, whereas anomalous Au-grain counts in mud
boil samples taken along the Roche Bay belt on Melville
Peninsula are related to gossans with arsenopyrite occur-
rences (Tremblay et al., 2010; Corrigan et al., 2013).

The metasedimentary panels identified east of Nyeboe
Fiord (Figure 3) contain laterally continuous layers of sili-
cate-facies meta–iron formation and metabasite rocks,
<4 m thick, that have locally developed gossanous-weath-
ering zones. The meta–iron formation, although relatively
thin and too low in abundance to be considered as a major
source of iron ore, may have potential for iron-formation–
hosted Au. Quartz veins that cut Mary River Group iron
formation exposed in the ‘Felsenmeer Flats’ of Johns and
Young (2006) contain visible Au and Mo, which are inter-
preted to have been sourced from the iron formation.

Samples were collected for whole-rock geochemistry and
assay analyses from the sites mentioned here, as well as nu-
merous others across the study area, to evaluate their com-
positions, protoliths and depositional/emplacement histo-
ries, and their potential to host economic mineralization.

Conclusions and future work

Although there are no previously determined crystalliza-
tion ages for basement rocks within the study area, they are
likely correlative with similar Archean rock units dated to
the south on Melville Peninsula, to the east in the Eqe Bay
area, and to the north in the Pond Inlet to Mary River area.
The presumed Archean supracrustal rocks are likened to
the Mary River Group, based on their rock assemblages and
relative metamorphic and deformational histories. Weakly
deformed felsic intrusive phases appear to correlate with
some of the Archean plutonic rocks described in the Eqe
Bay and Pond Inlet to Mary River areas. This implies that
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the Rae domain basement components are recognizably
correlative for a distance of approximately 500 km from
Admiralty Inlet eastward to the Barnes Ice Cap, and possi-
bly beyond. To confirm this, new U-Pb geochronology, pe-
trology and geochemistry analyses will be conducted and
the results compared to published and ongoing studies from
the northern Baffin Island and northern Melville Peninsula
areas.

The known extent of Fury and Hecla Group rocks has been
expanded to include an area west of Nyeboe Fiord and an
outlier on Siuraarjuk. Field observations of the sedimen-
tary and mafic igneous rocks in the basin confirmed the
sedimentology and stratigraphy defined by Chandler
(1988) and Long and Turner (2012), in addition to further
constraining interpretations of depositional environments.
Black shale samples from the Agu Bay and Autridge forma-
tions were collected for Re-Os geochronology and micro-
paleontological study, and carbonate rocks from the base of
the Agu Bay Formation were sampled for stable-isotope
geochemistry to investigate oceanic carbon and oxygen
concentrations during deposition. Quartz arenite samples
from the Nyeboe, Sikosak Bay and Whyte Inlet formations,
and the Mikkelsen Member of the Autridge Formation,
were collected for U-Pb detrital-zircon geochronology to
constrain the timing and duration of sedimentary deposi-
tion, as well as the sources of sediments. The diverse
lithostratigraphy of the Nyeboe Formation is being ana-
lyzed in detail to better constrain depositional environ-
ments during early basin development.

Mesoproterozoic pillow and flow basalts in the Nyeboe
Formation indicate subaqueous and subaerial emplacement
conditions, providing constraints on the depositional envi-
ronment of lithostratigraphic units above and below.
Neoproterozoic shallow mafic intrusions represent an up-
permost age limit for the chronostratigraphic development
of the Fury and Hecla Group. New, higher precision U-Pb
geochronology, petrography and geochemical analyses on
all Meso- and Neoproterozoic mafic igneous rocks are be-
ing conducted to determine the timing of their emplace-
ment and define the systematics of their source and genesis.

Although explored to a limited extent in the past, new U and
Th occurrences and diamond-bearing kimberlites could be
identified by analytical processing of the new geophysical-
survey data (Steenkamp, 2018a–h) collected as part of the
FHGP. New areas of interest that are being assessed for
their economic-metal potential include the mafic–ultra-
mafic intrusions in the tonalite–granodiorite orthogneiss,
and ultramafic bodies, meta–iron formation and gossa-
nous-weathering siliciclastic and metabasite rocks found in
the Archean supracrustal panels.

The field data collected in 2018 are being compiled and in-
terpreted to generate new geological maps. The Fury and

Hecla Geoscience Project will continue in 2019 with a new
airborne geophysical survey and a second summer of field
mapping and sampling. The 2019 area of focus will shift
farther north to complete the mapping of Precambrian bed-
rock in the northern half of NTS 47E, the southern half
of 47H, the southwest corner of 47G, and the central and
eastern parts of 47F.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with researchers
and students from Laurentian University, McGill University and Université du Québec à Montréal. The multiyear project involves map-
ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System (NTS) map areas north and south of Fury and Hecla Strait on Baffin Is-
land and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).

Bovingdon, P.J., Tinkham, D. and Steenkamp, H.M. 2018: Mafic–ultramafic rocks north of Fury and Hecla Strait, Baffin Island, Nunavut;
in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 63–74.

Abstract

Three mafic–ultramafic bodies exposed in the northern part of the 2018 Fury and Hecla Geoscience Project study area were
identified from high magnetic anomalies and were investigated through a series of traverses and targeted, helicopter-sup-
ported, site visits. Detailed mapping was conducted on the mafic–ultramafic plutons that intruded the gneissic basement
rocks north of Fury and Hecla Strait on Baffin Island, Nunavut, to determine their relative field relationships with the host
basement orthogneiss. Samples of the plutons were also collected for further laboratory analyses. Site 1 comprises
hornblendite, pyroxenite and hornblende gabbro. Site 2 is located at the outer margin of a layered mafic–ultramafic intru-
sion and preserves the brecciated and migmatized contact of the intrusive body with the hostrock orthogneiss. Site 3 is lo-
cated at the suspected core of the same mafic–ultramafic intrusion and preserves compositionally layered rocks, including
leucogabbro, gabbro, anorthosite and websterite, with individual layers ranging from 3 to 20 m thick. The host tonalite–
granodiorite orthogneiss at site 2 is locally found as enclaves in these mafic–ultramafic rocks. Rocks at all three sites pre-
serve evidence of regional deformation as small- and large-scale isoclinal folding and mineral foliation fabric.

A representative suite of samples was collected for U-Pb zircon geochronology, geochemistry and petrology. Collectively,
this work will help constrain the timing of emplacement and regional deformation of the mafic–ultramafic intrusions and
determine the potential for associated economic resources, such as magmatic Ni–Cu–platinum group element mineraliza-
tion.

Résumé

Trois amas de composition mafique à ultramafique affleurant dans la partie nord de la zone d'étude choisie dans le cadre du
volet 2018 du Projet géoscientifique Fury and Hecla ont été identifiés à partir de fortes anomalies magnétiques et ont fait
l'objet d'une série de visites ciblées des lieux réalisées par cheminements et à l'aide d'un hélicoptère. Des travaux de
cartographie détaillée de ces plutons, qui ont pénétré les roches gneissiques du socle rocheux du détroit de Fury and Hecla
dans l'île de Baffin, au Nunavut, ont été réalisés dans le but d'identifier leurs relations de terrain par rapport à l'orthogneiss
encaissant du socle rocheux. Des échantillons des plutons ont également été recueillis aux fins d'analyse en laboratoire. Le
Site 1 est constitué de hornblendite, de pyroxénite et de gabbro à hornblende. Le Site 2, situé sur la bordure extérieure d'une
intrusion stratifiée de composition mafique à ultramafique, conserve le contact bréchifié et migmatisé du corps intrusif avec
l'orthogneiss encaissant. Le Site 3, situé dans ce qui est perçu comme étant le cœur de cette même intrusion mafique et
ultramafique, conserve des roches stratifiées du point de vue de leur composition, notamment du leucogabbro, du gabbro,
de l'anorthosite et de l'aluminite; l'épaisseur des strates varie entre 3 et 20 m. Au Site 2, l'orthogneiss encaissant de composi-
tion tonalitique à granodioritique se retrouve par endroits sous forme d'enclaves encaissées dans les roches de composition
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mafique à ultramafique. Les roches aux trois endroits présentent des signes de déformation régionale exprimés sous forme
d'une structure feuilletée et de plis isoclinaux de petite et de grande envergure.

Une série d'échantillons représentatifs a été recueillie aux fins d'analyses géochimique, pétrologique et géochronologique
U-Pb sur zircon. Cette étude, dans l'ensemble, aidera à fixer les limites temporelles associées au moment de la mise en place
des intrusions en question et des épisodes de déformation régionale les ayant affectées, ainsi qu'à établir le potentiel en
ressources économiques connexes de la région, telle une minéralisation magmatique à Ni-Cu-éléments du groupe du
platine.

Introduction

The Canada-Nunavut Geoscience Office (CNGO) is lead-
ing the multi-year, multidisciplinary Fury and Hecla
Geoscience Project (FHGP) in areas north and south of
Fury and Hecla Strait on Baffin Island, Nunavut (Steen-
kamp et al., 2018). The 2018 bedrock mapping component
of the project covered approximately 18 000 km2 in parts of
NTS map areas 47C, D, E and F (Figure 1). Although some
parts of the study area have been mapped in the past (e.g.,
Blackadar, 1958, 1963, 1964; Ciesielski and Maley, 1980;
Ciesielski, 1992), other areas have never been geologically
investigated, leaving knowledge gaps in the region’s geo-
logical framework, tectonic history and economical
potential.

Previously undocumented mafic and ultramafic rocks were
discovered in the FHGP study area during 2018 fieldwork.
Ageochemical, geochronological, structural and economic
evaluation of these rocks will be part of a Ph.D. project fo-
cusing on the petrogenesis and tectonothermal history of
rocks in the Fury and Hecla region. Presented here are field
relationships and rock descriptions of the mafic–ultramafic
and associated basement rocks identified at three sites dur-
ing 2018 fieldwork, as well as some preliminary interpreta-
tions, discussions regarding the economic potential of these
rocks and a brief description of future work to be comple-
ted.

Regional geology

The basement that underlies northwestern Baffin Island
and northern Melville Peninsula comprises Archean ortho-
and paragneiss of the Rae craton (Hoffman, 1988). In-
cluded in the area are Paleo- to Neoproterozoic intrusions
and isolated Mesoproterozoic sedimentary rocks of the
Bylot Supergroup (Jackson and Iannelli, 1981; Long and
Turner, 2011). In the current study area, ca. 3.0–2.5 Ga fel-
sic orthogneisses predominate and are ascribed to the Com-
mittee belt (Jackson and Berman, 2000). The latter includes
the ca. 3.2–2.8 Ga Prince Albert and Roche Bay greenstone
belts on Melville Peninsula (Machado et al., 2011, 2012;
Corrigan et al., 2013) and the 2718 +5/–3 Ma Mary River
Group on northern Baffin Island (Jackson et al., 1990;
Young et al., 2004, 2007; Johns and Young, 2006; Skipton
et al., 2017). These greenstone belts and the Mary River

Group are characterized by similar mafic and ultramafic
(komatiite) volcanic rocks, fuchsitic quartzite, banded iron
formation, and siliciclastic and felsic–intermediate volca-
nic components, although their relative depositional rela-
tionships are not clear (Schau, 1993; Young et al., 2004;
Corrigan et al., 2013).

Rocks from the interior of the Rae craton record enigmatic
tectonometamorphic events prior to 2.7 Ga that are over-
printed during multiple stages of orogenesis, including (1)
the ca. 2.55–2.50 Ga MacQuoid orogeny (Jackson and
Berman, 2000; Bethune and Scammel, 2003a, b; Sanborn-
Barrie et al., 2003; Berman et al., 2010); (2) the 2.50–
2.35 Ga Arrowsmith orogeny (Berman et al., 2013, 2015);
(3) the 2.0–1.9 Ga Taltson-Thelon orogeny and (4) the 1.9–
1.8 Ga Trans-Hudson orogeny (St-Onge et al., 2009). Each
of these tectonothermal events reworked Archean rocks
along the Rae craton’s margins (Hoffman, 1988, 1989;
Pehrsson et al., 2013).

Layered mafic–ultramafic intrusions

Layered mafic–ultramafic rocks occur as structurally trans-
posed intrusions and discontinuous dykes and/or sills
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Figure 1: Location of the Fury and Hecla Geoscience Project on
northern Melville Peninsula and northwestern Baffin Island,
Nunavut, with the study areas for the 2018 and 2019 field seasons
outlined in red, and the area of Figure 2 outlined in green.



across Baffin Island and on northern Melville Peninsula.
On southern Baffin Island, these intrusions are commonly
found as panels in the basement orthogneiss and sills in the
Paleoproterozoic (≤1900 Ma) Lake Harbour Group
(Liikane et al., 2015). In general, the sills (metres to hun-
dreds of metres thick) vary from pyroxenite and peridotite
at their base to gabbro and leucogabbro at their top with lo-
cal occurrences of chromite, pentlandite, pyrite and minor
chalcopyrite (Steenkamp et al., 2014; Liikane et al., 2015;
St-Onge et al., 2015).

The isoclinally folded Kangiq�uruluk pluton, located on the
northeastern coast of Baffin Island, is 5 km wide and in-
trudes granodiorite gneiss (Skipton et al., 2018). This body
includes gabbro, hornblende clinopyroxenite and
websterite. Foliated plagioclase and hornblende overprint
primary, rhythmic compositional layering and dissemi-
nated chalcopyrite and pyrite (Saumur et al., 2017; Skipton
et al., 2017).

On northern Melville Peninsula, scattered mafic–ultra-
mafic bodies and ultramafic plugs create numerous mag-

netic anomalies (Corrigan et al., 2013). One such body
comprises coarse-grained orthopyroxenite and layered
gabbro with abundant platy molybdenite (Corrigan et al.,
2013). The age of these intrusions is unknown, as are the
relative relationships with the other mafic–ultramafic in-
trusions documented on southern Baffin Island and else-
where in the Rae craton. Mafic–ultramafic assemblages
are, however, associated with an unusual modal abundance
of sulphide minerals, which are elsewhere linked with
showings of orthomagmatic-style mineralization (Corrigan
et al., 2013; Steenkamp et al., 2014; Liikane et al., 2015;
Saumur et al., 2017; Skipton et al., 2017).

Field observations from 2018

Previously unidentified mafic–ultramafic rocks were
mapped in several locations across the 2018 study area. In
general, these rocks contain abundant magnetite; therefore,
they appear as magnetic anomalies in regional airborne
geophysical maps of the study area (Steenkamp, 2018a–h).
Three sites with large and pronounced magnetic anomalies
were chosen for detailed study (Figure 2) and were sampled
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Figure 2: Total-field magnetic survey data in the eastern half of NTS 47F (Steenkamp, 2018c, d) showing the lo-
cations of sites 1–3, Baffin Island. Franklin dykes dated at ca. 723 Ma (Heaman et al., 1992) cut all other rock
types in the Fury and Hecla region.



for petrographic analyses, geochronology and whole-rock
geochemistry. Site 1 consists of a hornblendite–pyrox-
enite–gabbro rock suite that intruded granodioritic–
monzogranitic orthogneiss. Sites 2 and 3 are on the margin
and the approximate core of an isoclinal synform, respec-
tively, which preserves a mafic–ultramafic intrusion (Fig-
ure 2). Below are detailed descriptions of the rock types and
their field relationships at all three sites, as well as a
detailed map of site 2.

Site 1

Site 1 has moderate topographic relief and variable till
cover. Field relationships are based on the largest available
outcrops and/or extensive areas of subcropping boulders
(broken fragments of outcrop that have not been moved out
of place by glacial processes). The eastern margin of the
magnetic anomaly exposes basement orthogneiss, horn-
blendite and pyroxenite. The central area is dominated by
pyroxenite and gabbro, visible along a vertical east-
trending fault. The western extent comprises gabbro, bio-
tite-orthopyroxenite and basement orthogneiss, which are
cut by K-feldspar and quartz pegmatite dykes. The mafic–
ultramafic intrusion is approximately 2 km2.

Granodiorite–monzogranite orthogneiss

The gneissic country rock around the mafic–ultramafic in-
trusion ranges in composition from granodiorite to
monzogranite. In general, the orthogneiss is relatively ho-
mogeneous, with 1–3% magnetite disseminated through-
out and 4–5% biotite that defines a northwest-striking and
moderately dipping foliation (Figure 3a). The grain size in
the orthogneiss decreases from 5 to 8 mm to 1 to 4 mm prox-
imal to the mafic–ultramafic intrusion, over 10–15 m. The
contact between the host orthogneiss and mafic–ultramafic
intrusion is covered by glacial till.

Hornblendite

A 30–40 m thick hornblendite layer forms the structural
base of the intrusion. The hornblendite is medium to coarse
grained (0.5–1 cm) and consists of 90–95% hornblende,
3% magnetite, 2% plagioclase, <1% pyroxene and minor
interstitial pyrite and chalcopyrite (Figure 3b). Hornblende
is euhedral and randomly oriented. Black pyroxene (<3 mm
long), magnetite, plagioclase and sulphides are dissemi-
nated throughout the matrix.
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Figure 3: Representative rocks from site 1: a) homogeneous granodiorite–monzogranite with biotite and magnetite, b) hornblende with in-
terstitial biotite crystals in hornblendite, c) clinopyroxenite outcrop showing plagioclase-rich domains and euhedral hornblende crystals (in-
dicated by the yellow arrow; tablet is 25 cm long), d) biotite orthopyroxenite hand sample with interstitial magnetite.



Pyroxenite

A20–30 m thick zone of pyroxenite is exposed in steep out-
crops and structurally overlies the hornblendite unit, but the
contact with hornblendite is till covered. The pyroxenite
mineralogy varies locally, consisting of 80–90%
clinopyroxene+orthopyroxene, 1–8% hornblende, 0–8%
plagioclase, 1–2% magnetite and <1% disseminated
sulphides. Locally, 1–3 m patches of pyroxenite contain 3–
5% biotite. Where it is in low abundance, plagioclase is in-
terstitial to cumulate clinopyroxene and orthopyroxene,
and is anhedral with local cuspate boundaries. Pods,
patches and lenses of plagioclase-rich segregations exhibit
gradational contacts with the pyroxenite, contain minor
clinopyroxene and are associated with coarse (1–3 cm)
black hornblende (Figure 3c). The plagioclase-rich do-
mains are locally foliated, contain no quartz and could rep-
resent recrystallized plagioclase cumulate patches, crystal-
lization of intercumulus melt, or flow of a fluid within the
cumulus pile. Rare, pyroxenite-hosted amphibolite pods
and lenses (0.1–1 m long) contain biotite that defines a
west-northwest–striking foliation with shallow to moder-
ate dips.

Hornblende-bearing gabbro

The hornblende-bearing gabbro and the pyroxenite are jux-
taposed along an east-west–oriented fault. Fault-controlled
fluids likely facilitated local epidote and chlorite alteration
in the gabbro. The hornblende-bearing gabbro extends in a
series of discontinuous outcrops to the western margin of
the magnetic anomaly. The gabbro is medium to coarse
grained and consists of approximately 40% plagioclase,
30% pyroxene, 15% hornblende, 5% magnetite, 3–5% bio-
tite, 2% pyrite and chalcopyrite and <1% epidote and
chlorite. It is locally massive, but commonly exhibits a
weak northwest-striking, moderately dipping foliation de-
fined by biotite. West of the fault, the foliation generally
has a shallower dip. The hornblende-bearing gabbro con-
tains rare biotite-rich orthopyroxenite pods with local
hornblende pseudomorphing orthopyroxene.

Felsic pegmatite dykes

Felsic pegmatite dykes cut the basement orthogneiss and
the mafic–ultramafic rocks and generally strike to the
northwest (~330°). The pegmatite dykes comprise K-feld-
spar crystal aggregates ranging from 0.3 to 1 m wide and
are surrounded by massive, white to light grey quartz.

Site 2

Site 2 is located on the western edge of a significant mag-
netic anomaly in the north-central part of the FHGP study
area (Figure 2). Rock exposure in this area ranges from
subcrop with some till and vegetation cover to continuous
and large pavement-style outcrops across generally flat
ground. Field observations were made along several paral-
lel traverses to document lithological and structural

changes across the basement orthogneiss and at the margin
of the mafic–ultramafic intrusion. The basement ortho-
gneiss is divided into six map units (units A–F) based on
mineralogical and textural changes before the contact to the
mafic–ultramafic intrusion (unit G). The rock units are de-
scribed below in order from west to east (Figure 4).

Basement orthogneiss units

Unit A

Sparse outcrops and subcrops expose highly foliated
tonalite–granodiorite orthogneiss containing abundant
transposed and rotated mafic rock enclaves (Figure 5a) that
preserve a discordant secondary foliation to the tonalite-
granodiorite orthogneiss (unit A, Figure 4). The tonalite–
granodiorite orthogneiss contains plagioclase, quartz and
white K-feldspar with <5% biotite, which defines the folia-
tion. The mafic pods contain hornblende, plagioclase, bio-
tite, quartz and magnetite, and constitute approximately
15% of the total rock volume. Younger felsic dykes cut the
fabrics in both the tonalite–granodiorite and mafic
enclaves.

Unit B

Excellent outcrop exposures with minor frost fracturing
preserve tonalite–granodiorite orthogneiss with rare mafic
enclaves (unit B, Figure 4). Mafic and felsic compositional
layers range from several millimetres to several centi-
metres and boundaries between layers are somewhat dif-
fuse (Figure 5b). Biotite defines a mineral foliation in the
quartz- and feldspar-dominated felsic layers that is parallel
to gneissosity. Mafic layers generally have a finer grain size
than the felsic layers, represent approximately 15% of the
rock, and contain biotite, plagioclase, hornblende and
magnetite.

Unit C

The layered tonalite–granodiorite orthogneiss of unit B
transitions to a well-exposed zone of straight gneiss with a
lower mafic-mineral content (unit C, Figure 4). Centi-
metre-scale mafic and felsic bands with sharp contacts de-
fine the gneissic fabric (Figure 5c). Mafic minerals form
approximately 10% of the rock. Isolated, coarse-grained
granitic dykes cut the compositional banding and trend
~010° (Figure 5d).

Unit D

Tonalite–granodiorite orthogneiss transitions from a
straight gneiss to a gneiss with a layered migmatitic charac-
ter, and with the mafic mineral content of the rock increas-
ing to 20% (unit D, Figure 4). Biotite, hornblende, magne-
tite and millimetre-sized plagioclase are present in mafic
bands, which define a gneissic fabric that strikes north-
northwest. A coarse-grained mafic dyke trending 335° cuts
through unit D and contains hornblende, plagioclase and
biotite (Figure 5e). Hornblende crystals in the dyke are 0.5–
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1 cm long, with finer grained plagioclase, biotite and mag-
netite in the groundmass. A <5 cm wide chilled margin is
preserved in the dyke along the orthogneiss contact.

Unit E

Unit E (Figure 4) represents weakly layered tonalite–
granodiorite orthogneiss (Figure 5f), with only rare
compositional layering that was well defined in unit C;
however, the abundance of mafic minerals remains consis-
tent with unit D (~20%). Biotite defines a mineral foliation
but is subordinate to magnetite. Mafic enclaves ranging
from 10 cm to 1 m in width were locally observed. The
mafic dyke seen in unit D can also be traced southeastward
through unit E (trending 330°) where small hornblende and
plagioclase laths become more apparent at the dyke’s core.

Unit F: contact zone

Unit F represents the transitional zone immediately adja-
cent to the contact with the mafic–ultramafic intrusion.
Mafic mineral abundance in the tonalite–granodiorite
orthogneiss steadily increases (up to 30%) toward the intru-
sion and includes biotite and hornblende. Biotite defines a
mineral foliation and weak compositional layering. A 1 m
wide alteration zone in the orthogneiss occurs at the contact
with the intrusion and contains epidote and potassic alter-
ation. The sharp igneous contact is oriented north-south
(Figure 5g). Pyrite grains 2–3 mm wide are present in the
altered orthogneiss adjacent to the contact. A hornblende
gabbro dyke trending 330° stems from the mafic–ultra-
mafic intrusion and cuts the orthogneiss fabric.

Unit G: mafic–ultramafic intrusion

Outcrops immediately inside the intrusion are dominated
by hornblende gabbro (unit G, Figure 4), which is mineral-
ogically similar to the dykes that cut units D–F. The gabbro
is relatively fine grained adjacent to the basement
orthogneiss contact (Figure 5h), and medium- to coarse-
grained beyond 2–3 m from the contact. The rock contains
varying amounts of hornblende, plagioclase and pyroxene
with minor biotite, epidote, chlorite, pyrite and chalcopy-
rite. Locally, 5–20 m long enclaves of tonalite–granodiorite
orthogneiss are elongated north-northwest and preserve an
internal mineral foliation and/or gneissosity that is
subparallel to the dominant fabric in the gabbro.

Site 3

Site 3 is located in the central part of the largest magnetic
anomaly in the study area, approximately 2.3 km east of site
2. The area is characterized by large-scale rhythmic
compositional layering of anorthosite, leucogabbro,
hornblende gabbro, hornblendite and hornblende-bearing
websterite. Enclaves of tonalite–granodiorite orthogneiss
are also locally present in the area. Rock units described be-
low were encountered along a 1.5 km strip of variably ex-
posed bedrock, in order from west to east, across site 3.

Hornblendite to hornblende-bearing websterite

Thin layers of hornblendite to hornblende-bearing
websterite weather red-brown with a distinctive exfolia-
tion-fracture texture (Figure 6a). The distinctive weather-
ing creates a coarse hornblende-rich sand on the ground
that helped to delineate this unit. Hornblendite is fine to me-
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Figure 4: Basement orthogneiss units and the western margin of the mafic–ultramafic intrusion at site 2, Baffin Island. Base
map is a SPOT 6 satellite colour image (Airbus Defence and Space, 2018).
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Figure 5: Representative rock types at site 2: a) fragmented and rotated mafic pods in foliated, migmatitic tonalite–
granodiorite (unit A); b) mafic and felsic compositional layering in tonalite–granodiorite orthogneiss (unit B); c) straight-gneiss
banding of mafic and felsic components in tonalite–granodiorite orthogneiss (unit C); d) granitic pegmatite dyke cuts the
tonalite–granodiorite straight-gneiss fabric (unit C); e) mafic dyke cuts the layered, migmatitic tonalite–granodiorite
orthogneiss (unit D; compass is 20 cm long); f) weakly layered tonalite–granodiorite orthogneiss (unit E); g) contact between
unit F and the mafic–ultramafic intrusion (looking north; hammer is approximately 40 cm long); h) finer grained gabbro of the
mafic–ultramafic intrusion (unit G) immediately adjacent to the contact with the orthogneiss.



dium grained (1–5 mm) and is dominated by hornblende,
pyroxene and plagioclase in an olivine-rich groundmass.
Pyrite and chalcopyrite occur as interstitial phases.

Hornblende gabbro

Hornblende gabbro is the most abundant rock type in the
area and is the most resistant to weathering. Hornblende
gabbro is commonly associated with leucogabbro (de-
scribed below), although it contains comparatively more
hornblende. This rock is mineralogically very similar to the
gabbro along the western contact of the intrusion at site 2. It
is medium grained and consists of 55% hornblende, 35%
plagioclase, 5% biotite and 1–3% magnetite, pyrite and
chalcopyrite. Hornblende laths are 1–2 cm long (Figure 6b)
and a mineral foliation is locally defined by aligned
hornblende crystals.

Leucogabbro

Leucogabbro is spatially associated with the hornblende
gabbro and is abundant and well exposed. The leucogabbro
locally contains tonalitic-granodioritic orthogneiss en-
claves that are similar to the basement rocks mapped at site
2, west of the mafic–ultramafic intrusion. Along
gradational contacts between leucogabbro and hornblende
gabbro are local, 0.3–1 m discontinuous layers and lenses
of anorthosite and websterite. The leucogabbro is medium
grained and consists of 60–65% plagioclase laths that are
5–8 mm long, 30% hornblende, 2–5% biotite and minor
magnetite (Figure 6c).

Anorthosite

The anorthosite is well exposed and resistant to weathering,
although contacts with surrounding units are typically till
and/or soil covered. This rock is homogeneous, dominated
by medium- to coarse-grained plagioclase with <3% visible
magnetite (Figure 6d) and generally has a higher magnetic
susceptibility than the other units.

Tonalite–granodiorite orthogneiss enclaves

Enclaves of tonalite–granodiorite orthogneiss are present
throughout the intrusion and resemble the surrounding
basement orthogneiss from site 2 (Figure 6e). These bodies
are 5–20 m wide and contain varying amounts of biotite,
magnetite and hornblende. A foliation in the enclaves that
is subparallel to gneissosity of the mafic–ultramafic rocks
is defined by aligned biotite and local hornblende.

Preliminary interpretations

Site 1 comprises hornblendite, pyroxenite and hornblende
gabbro in a discrete magnetic anomaly that is interpreted to
represent an intrusion. Compositional layering of the mafic
and ultramafic rocks likely formed either by multiple injec-
tions of magma that variably crystallized between injec-
tions or by a single injection that cooled to produce primary
magmatic layering by fractional crystallization. The pres-
ence of cumulate-like clinopyroxenite, plagioclase-poor

orthopyroxenite and locally plagioclase-poor hornblendite
suggests that significant portions of the intrusion are com-
posed of cumulate phases. Primary magmatic layering is
therefore interpreted as a product of fractional crystalliza-
tion. The foliation fabrics found in the mafic–ultramafic in-
trusion are also concordant with the fabric in the host
orthogneiss, indicating that the intrusive and orthogneiss
rocks have experienced at least one common deformational
event.

The tonalite–granodiorite orthogneiss units mapped at site
2 reveal a variety of textures indicative of partial melting,
brecciation and veining. The brecciation and migma-
tization textures in units A, D and E could be linked with the
emplacement of the mafic–ultramafic intrusion, which
would have locally heated and deformed the hostrocks.

Site 3 comprises anorthosite, leucogabbro, hornblende
gabbro and hornblendite to hornblende-bearing websterite
at the centre of the largest magnetic anomaly in the study
area. The geophysical survey data suggest that the mafic–
ultramafic intrusion has been preserved in a north-plunging
isoclinal synform. Hornblende gabbro–leucogabbro–anor-
thosite sequences have gradational contacts, suggesting
progressive fractional crystallization of a mafic magma.

Economic considerations

The mafic–ultramafic rocks in the FHGP study area have
the potential to host new orthomagmatic metal showings
and/or deposits. Some samples collected from the sites de-
scribed here contain visible pyrite and/or chalcopyrite. The
presence of sulphide minerals associated with mafic–ultra-
mafic intrusions has been linked with magmatic Ni-Cu-
PGE and other metal mineralization at deposits such as
Voisey’s Bay, Newfoundland and Labrador (Eckstrand et
al., 2004; Naldrett, 2004; Eckstrand and Hulbert, 2007).
The presence of sulphide minerals in both the mafic–ultra-
mafic rocks and adjacent basement orthogneiss in this
study may prove important for the economic assessment of
Fury and Hecla Strait area.

Future work

Whole-rock geochemical analyses of representative sam-
ples from all units described herein will be completed to de-
termine major, minor and trace elements of economic im-
portance. Petrographic analyses of thin sections from each
rock type will be completed to examine mineral fabrics,
textures, mineral assemblages and sulphide mineral char-
acteristics. To determine the age of the mafic–ultramafic in-
trusions, samples from each site will be prepared for U-Pb
zircon geochronology (in early 2019). Because mafic and
ultramafic rocks on northern Melville Peninsula and across
Baffin Island also contain sulphide minerals and have po-
tential for economic mineralization, a study on the em-
placement and petrogenetic source(s) is warranted and may
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Figure 6: Representative rocks at site 3: a) highly weathered, coarse-grained hornblendite to hornblende-bearing websterite; b) euhedral
hornblende crystals and interstitial plagioclase in hornblende gabbro; c) leucogabbro near a gradational contact with hornblende gabbro;
d) anorthosite with high magnetic susceptibility resulting from its magnetite content; e) tonalite–granodiorite orthogneiss enclave in
hornblende gabbro (rock hammer is 40 cm long).



provide useful information related to magmatism, crustal
assembly and Archean and Paleoproterozoic plate-tectonic
movements.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with researchers
and students from Laurentian University, McGill University and Université du Québec à Montréal. The multiyear project involves map-
ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System map areas north and south of Fury and Hecla Strait on Baffin Island and
Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).

Patzke, M., Greenman, J.W., Ielpi, A. and Halverson, G.P. 2018: Sedimentology of the sandstone-dominated units in the Fury and Hecla
Basin, northern Baffin Island, Nunavut; in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 75–84.

Abstract

The Fury and Hecla Group is a Mesoproterozoic sedimentary succession exposed on northern Baffin Island and northern
Melville Peninsula, Nunavut. Part of the Bylot basins, the Fury and Hecla Basin comprises sedimentary and mafic
assemblages, and nonconformably overlies Archean to late Paleoproterozoic basement rocks of the Rae craton. Sandstone
attributed to a predominantly marine depositional setting forms most of the Fury and Hecla Group, with minor fine-grained
siliciclastic rocks, and local carbonate rocks, basalt and eolian sandstone. Three sandstone-dominated formations in the
Fury and Hecla Group are the focus of this study, through which the authors aim to determine the depositional environment.
Through field analyses, the sandstone-dominated units indicate that most of the deposition took place in a shoreface setting.
The Nyeboe Formation contains terrestrial, nearshore clastic and nearshore mixed clastic-carbonate depositional
lithofacies, with most strata recording shoreface settings. The Sikosak Bay Formation contains one facies that records
shoreface deposition. The Whyte Inlet Formation contains shoreface facies and minor proximal-fluvial facies. Deciphering
the influence of relative sea-level change, variable subsidence rate and sediment supply is important to understanding the
Fury and Hecla Basin, a well-preserved Precambrian basin associated with supercontinent assembly and breakup.

Résumé

Le Groupe de Fury and Hecla est une séquence sédimentaire d'âge mésoprotérozoïque qui affleure à la fois dans la région
nord de l'île de Baffin que dans celle de la presqu'île Melville, au Nunavut. Ce bassin, qui fait partie des bassins de Bylot, se
compose d'assemblages de roches sédimentaires et mafiques reposant en discordance sur les roches du socle rocheux d'âge
archéen à paléoprotérozoïque tardif du craton de Rae. Le Groupe de Fury and Hecla est surtout constitué de grès provenant
d'un milieu sédimentaire de type essentiellement marin, qu'accompagne une petite quantité de roches silicoclastiques à
grain fin ainsi que, par endroits, des roches carbonatées, du basalte et du grès éolien. Par le biais de la présente étude, qui
porte sur trois formations appartenant au Groupe de Fury and Hecla, les auteurs tentent d'identifier le milieu de sédiment-
ation comme tel. Les analyses effectuées sur le terrain des unités dans lesquelles prédomine le grès ont révélé que la
sédimentation a eu lieu presqu'entièrement en milieu d'avant-plage. La Formation de Nyeboe présente des lithofaciès de
type terrestre, de type littoral à assemblage de roches clastiques et de type littoral à assemblage mixte de roches clastiques et
carbonatées; la plupart des strates témoignent de la présence de milieux de sédimentation d'avant-plage. La Formation de
Sikosak Bay renferme un faciès qui présente les caractéristiques d'une sédimentation en milieu d'avant-plage. La Formation
de Whyte Inlet renferme pour sa part des faciès d'avant-plage ainsi que des faciès fluviaux proximaux moins importants. La
détermination de l'influence exercée par le changement relatif du niveau marin, le taux de subsidence variable et
l'approvisionnement en sédiments joue un rôle important dans la compréhension de l'origine du bassin de Fury and Hecla,
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reconnu pour être un exemple bien conservé d'un bassin précambrien associé aux événements ayant contribués à
l'assemblage et à la dislocation d'un supercontinent.

Introduction

The Mesoproterozoic basin system collectively known as
the Bylot basins is composed of unmetamorphosed, weakly
deformed supracrustal rocks—for the most part sedimen-
tary—exposed in the Canadian Arctic Archipelago and
northwestern Greenland (Figures 1, 2; Jackson and
Iannelli, 1981; Turner et al., 2016). This basin system com-
prises the Hunting-Aston Basin, exposed on Prince of
Wales Island and northernmost Somerset Island (Tuke et
al., 1966; Mayr et al., 2004); the Borden Basin on Baffin Is-
land and Bylot Island (Jackson and Iannelli, 1981; Turner et
al., 2016); the Fury and Hecla Basin, exposed on Baffin Is-
land and northern Melville Peninsula (Chandler, 1988);
and the Thule Basin of southwestern Greenland (Jackson,
1986; Dawes, 1997). The maximum depositional age for
the basins is ca. 1270 Ma, which is the age of the Mackenzie
dyke swarm (LeCheminant and Heaman, 1989). The
depositional age from shale units in the Borden Basin is ca.
1070 Ma (Turner and Kamber, 2012; Gibson et al., 2017).

The Bylot basins are thought to record the final stages of
convergence and amalgamation of the supercontinent
Rodinia (Cawood et al., 2007; Pehrsson et al., 2016). In this
context, this basin system was originally interpreted as a set
of fault-bounded aulacogens (Jackson and Iannelli, 1981).
In recent time, the Bylot basins were interpreted as
impactogens from far-field stresses due to the assembly of
the supercontinent Rodinia (Turner et al., 2016). As dis-
cussed in Greenman et al. (2018), this span of geological
time is receiving increased interest because it contains criti-
cal evidence for the evolution of early eukaryotes and at-
mospheric oxygen (Butterfield, 2000; Knoll et al., 2013;
Cole et al., 2016; Gibson et al., 2017; Rainbird et al., 2017;
Loron et al., 2018). Most of the sedimentological work in
the area has focused on the exceptionally well-exposed
Borden Basin (Turner, 2009; Turner, 2011; Long and
Turner, 2012; Turner and Kamber, 2012; Hahn et al., 2015),
whereas underexplored regions such as the Fury and Hecla
Basin have received less attention.

Early work by Blackadar (1958, 1963, 1970) and Black-
adar and Lemon (1963) in the Fury and Hecla Basin area
provided a foundation of geological mapping and strati-
graphic subdivision. Additional fieldwork in the 1980s
(Chandler et al., 1980; Chandler and Stevens, 1981; Jack-
son and Iannelli, 1981; Chandler, 1988) built on the early
geological mapping work and provided a more thorough
stratigraphic framework that is currently accepted. Jackson
and Iannelli (1981), LeCheminant and Heaman (1989) and
Heaman et al. (1992) proposed correlations between the

mafic rocks exposed in the Fury and Hecla Basin to the
south and west in the Canadian Arctic Archipelago and on
the mainland, constraining the age of the Fury and Hecla
Basin between the 1.27 Ga Mackenzie igneous event and
the 723 Ma Franklin igneous event. More recent fieldwork
in the early 2000s focused on selected exposures in the east-
ern and southern Fury and Hecla Basin (Long and Turner,
2012; Long, 2017).

The Fury and Hecla Geoscience Project employs geologists
with diverse skills and backgrounds to improve the map-
ping, geological understanding and understanding the eco-
nomic potential of the area from 2018 to 2020 (Figure 1;
Steenkamp et al., 2018). Within this project, a significant
component is dedicated to

• the stratigraphic and sedimentological refinement of the
sedimentary succession known as the Fury and Hecla
Group, which is exposed in the area;

• the investigation of Mesoproterozoic micropaleonto-
logical assemblages therein;

• the establishment of solid geochronological constraints
on basin initiation and evolution; and

• the characterization of sedimentary provenance in the
Fury and Hecla Group based on detrital zircon geo-
chronology.

In this paper, the authors present the preliminary results of
stratigraphic and sedimentological fieldwork conducted on
the Baffin Island side of the Fury and Hecla Basin and fo-
cuses on the sedimentary facies recognized in three sand-
stone-dominated units exposed therein.

76 Canada-Nunavut Geoscience Office

Figure 1: Overview map of the Fury and Hecla Geoscience Pro-
ject; see Steenkamp et al. (2018) for more details.



Regional geology

The Fury and Hecla Basin is an area of sedimentary rocks
and interlayered mafic volcanic rocks exposed along the
seaboard and inland of Fury and Hecla Strait, which sepa-
rates Baffin Island to the north from Melville Peninsula to
the south (Figure 2a). The minimum extent of the basin,
based on currently mapped outcrops, is at least 140 km east-
west by 75 km north-south. Although the Fury and Hecla Ba-
sin is geographically centred on 69°52’N, 84°10’W, the
best exposures are north of Fury and Hecla Strait (Fig-
ure 2b).

The Fury and Hecla Group nonconformably overlies an
Archean to late Paleoproterozoic basement composed of
granitoid gneiss, mafic intrusions and minor metasedi-
mentary panels (Bovingdon et al., 2018). Basement rocks
are part of the Committee Bay block of the Rae craton
(Pehrsson et al., 2013). The Rae craton preserves a complex
history of Archean terrane assemblages, early Paleoprot-
erozoic orogenesis (Berman et al., 2013), and middle
Paleoproterozoic extension and basin development (Ernst
and Buchan, 2001; Rainbird et al., 2010). Overlying depos-
its of the Fury and Hecla Group compose a gently deformed
monocline that dips 15–20º to the south, crosscut by multi-
ple arrays of faults with east to south-southeast trends. The
succession consists predominantly of sandstone with sub-
ordinate conglomerate, red to black shale and dolostone
(Chandler, 1988; Long and Turner, 2012). The Fury and
Hecla Group reaches a maximum estimated thickness of
6 km (Figure 3; Chandler, 1988), although many of its for-
mations display lateral thickness variations and true
thicknesses are difficult to ascertain.

Methods

Base camp for all fieldwork was operational from July 14th

to August 15th, 2018 and was supplied by bush plane and
helicopter from Igloolik. The camp was located on the
Gifford River, approximately 100 km inland from Fury and
Hecla Strait. Daily traverses were supported by helicopter
drop off and pick up. In the field, grain size, sorting, colour
and compositional and textural maturity were recorded for
selected units. At outcrop scale, the geometry, stratigraphic
position and thickness were recorded. Paleocurrent indica-
tors were also documented on sedimentary structures ex-
posed in three dimensions. General field facies analysis
was conducted following Collinson et al. (2006). A hand-
held gamma-ray mass spectrometer was used to assess total
abundance of U, K and Th near the unconformity between
basement rocks and overlying strata. Throughout the field
season, rock samples were collected for later petrographic,
geochemical and geochronological analyses.

Results

Stratigraphic descriptions

Results of field mapping agree with the subdivision of for-
mations of the Fury and Hecla Group defined by Chandler
(1988): the Nyeboe, Hansen, Sikosak Bay, Agu Bay, Whyte
Inlet and Autridge formations (Figure 3). The Nyeboe For-
mation is up to 500 m thick and consists of basal immature
conglomerate and breccia passing upward into red, me-
dium-grained arkose and subarkose, displaying an overall
fining-upward trend (Figure 3a). Red siltstone and fine-
grained sandstone with recessive weathering are present at
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Figure 2: Geological sketches showing a) the regional distribution of the Bylot basins, and b) most of the Fury and Hecla Basin (modified
after Chandler, 1988). Note that basin outliers farther to the east and on Melville Peninsula are not included in the sketch.



stratigraphic intervals of approximately 50–100 m. The
formation also contains basalt flows exposed in the western
part of the basin (each up to 10 m thick, with well-devel-
oped amygdules, columnar jointing and local pillow forms;
Figure 3b), minor bedsets of quartz arenite and a 40 m thick
succession of mixed clastic-carbonate deposits that pinches
out eastward. Sedimentary facies recognized in the Nyeboe
Formation are described below.

The Hansen Formation consists of an eastward-thinning
mafic volcanic unit with well-developed columnar jointing
(Figure 3c). This unit displays variable stratigraphic rela-
tionships with adjoining formations: in the western part of
the study area, it separates the Nyeboe and Sikosak Bay for-
mations, whereas in the centre of the study area it maps be-
tween the Sikosak Bay and Agu Bay formations; it is absent
in the east (Figure 2). Although Chandler (1988) suggested
that the formation represents a subaerial flow (based on a
high Fe(III)/Fe(II) ratio), the heterogeneous stratigraphic
relationships documented suggest a postdepositional ori-
gin (i.e., a dyke or shallow sill). More detailed discussions
of the Hansen Formation are found in F. Dufour et al. (work
in progress) and Greenman et al. (2018).

The Sikosak Bay Formation is up to 150 m thick and con-
sists entirely of white quartz arenite (Figure 3d). Sedimen-
tary facies in the Sikosak Bay Formation are detailed be-
low. The Agu Bay Formation comprises basal local metre-
scale stromatolitic bioherms (dolomite member), black
shale (~75 m thick; black shale member) and up to 500 m of
red siltstone with interbedded sandstone (redbed member;
Figure 3e). A detailed description of the Agu Bay Forma-
tion is found in Greenman et al. (2018). The Whyte Inlet
Formation is a white to pink quartzarenite-dominated suc-
cession up to 3 km thick (Figure 3f) that thins westward
(Figure 2). Thin granule- to pebble-grade pavement recurs
in the stratigraphy every 5–10 m, and conglomerates and
intraformational breccia are also present. The latter are
common in the easternmost study area, where the Whyte
Inlet Formation directly overlies basement rocks (Figure 2;
Long, 2017). Sedimentary facies recognized in the Whyte
Inlet Formation are detailed below. The Autridge Forma-
tion is composed of two members: the lower Mikkelsen
member consists of a 1.5 km thick succession of quartz
arenite with minor shale; the upper Cape Appel member
consists of a 500 m thick succession of dark shale with mi-
nor quartz arenite (Figure 3g). The Autridge Formation is
exposed only in the western study area and is inferred to
pinch out in the centre of the basin (Chandler, 1988). A
detailed description of the Autridge Formation is presented
in Greenman et al. (2018).

Facies of the Nyeboe, Sikosak Bay and Whyte
Inlet formations

The Nyeboe Formation contains eight lithofacies: con-
glomerate and breccia, planar-stratified sandstone, cross-

stratified sandstone, hummocky cross-stratified sandstone,
planar-stratified heterolithic beds, pin-stripe–laminated
sandstone, planar-bedded dolostone and sandstone, and ba-
salt flows. Conglomerate and breccia (Figure 4a) have ei-
ther a monomictic quartz-pebble framework with fine-
grained sandy matrix (at the formation’s base), or
polymictic associations of sandstone and quartz pebble to
boulder conglomerate with a medium-grained sandy matrix
(in the middle of the formation). Polymictic breccia locally
overlies the basal nonconformity and is composed of
granitoid, iron-formation and aphanitic-mafic clasts in a
silty matrix. Planar-stratified (Figure 4b), cross-stratified
(Figure 4c) and hummocky cross-stratified sandstones
(Figure 4d) form the bulk of the Nyeboe Formation and
consist of quartz arenite that is locally micaceous. Strata are
commonly bounded by wave ripples and are locally orga-
nized into large foreset bars. Stratigraphically, these facies
overlie basal conglomerates and breccia in the east, and di-
rectly above the basal nonconformity in the west-central
study area. Planar-stratified heterolithic beds are composed
of mudstone and fine-grained sandstone at various inter-
vals in the succession. Desiccation cracks, mottling and
blocky weathering are present in some exposures (Fig-
ure 4e). Pin-stripe–laminated sandstone occupies the lower
to middle stratigraphic level of the formation in the central
study area. This facies is organized into <2 m thick
crossbeds with lamination defined by millimetre-scale
grain-size segregation. Sandstone lamination displays tan-
gential bottom sets and is characterized by a higher
compositional and textural maturity than other sandstone
facies (Figure 4f). Small evaporite pseudomorphs are also
present along the bottomsets of this facies. Planar-bedded
dolostone and sandstone is defined by decimetre thick al-
ternation of dolomite-cemented siliciclastic beds and
microbially laminated dolostone. Siliciclastic beds exhibit
planar lamination or herringbone crosslaminated sets. Co-
lumnar stromatolites with decimetre-scale synoptic relief
are locally preserved in places (Figure 4g). This facies is
best developed in the central basin area and pinches out to
the east. The Nyeboe Formation also contains rare basalt
flows that appear to pinch out eastward. The basalt flows
contain amygdules and pillow structures (Figure 4h).

The Sikosak Bay Formation is characterized by planar-
stratified sandstone. This facies consists of medium- to
coarse-grained, texturally mature quartz arenite (Figure 5a)
organized in beds bounded by wave ripples. Bedsets of pla-
nar-stratified sandstone are generally horizontal, although
a large foreset bar is present in the centre of the exposure
area. The Whyte Inlet Formation contains five facies:
intraformational breccia, wave-rippled sandstone, cross-
stratified sandstone, planar-stratified sandstone and planar-
stratified granule-stone. Intraformational breccia was ob-
served and documented at only one location, where the
Whyte Inlet Formation nonconformably overlies basement
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rocks in the east. These coarse-grained facies are described

in greater detail in Long and Turner (2012) and Long

(2017). Wave-rippled sandstone (Figure 5b), cross-strati-

fied sandstone (Figure 5c) and planar-stratified sandstone

(Figure 5d) form the bulk of the formation’s thickness and

consist of tan, medium-grained, well-sorted quartz arenite.

All the sandstone facies are repeated at approximately 10 m

intervals by a pavement (<2 cm thick) of rounded granule-
stone composed of well-rounded quartz and lithic clasts.

Discussion and conclusions

Depositional environments

Lithofacies interpretation of the Nyeboe, Sikosak Bay and
Whyte Inlet formations follows the guidelines contained in
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Figure 3: Stratigraphy of the Fury and Hecla Group, which includes a) the Nyeboe Formation (foreground is ~20 m wide); b) the basalt flow
(BF) in the Nyeboe Formation and sandstone (SD; inukshuks on top of the cliff are ~1.5 m tall); c) the Hansen Formation (HS) and the
Nyeboe Formation (NB; geologist is ~1.9 m tall); d) the Sikosak Bay Formation (geologist is ~1.9 m tall); e) the dolostone member (DM),
black shale member (BSM) and redbed member (RM) of the Agu Bay Formation (river is ~3 m wide); f) the Whyte Inlet Formation (fore-
ground is ~15 m wide) and g) the Autridge Formation (canyon is ~30 m wide).



Clifton (2006), Collinson et al. (2006) and Mountney
(2006). Three main depositional environments are re-
corded in the Nyeboe Formation: terrestrial, clastic-domi-
nated near-shore marine and clastic-carbonate near-shore
marine. Episodes of subaqueous volcanism, recorded by

pillow-structured basalt, also took place during sedimenta-
tion. Basal gravel-dominated units, and possibly part of the
micaceous crossbedded sandstone, represent a scree-slope
(breccia) to alluvial-fluvial (conglomerate and sandstone)
depositional setting, which existed in the early depositional
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Figure 4: Outcrops of Nyeboe Formation facies: a) quartz-pebble conglomerate; b) planar-stratified sandstone; c) cross-stratified sand-
stone (exhibiting planar cross sets; compass is ~10 cm long); d) hummocky cross-stratified sandstone; e) planar-stratified heterolithic beds
(pencil is ~15 cm long); f) pin-stripe–laminated sandstone (field notebook is ~20 cm long); g) planar-stratified sandstone and stromatolitic
dolostone; h) detail of a basalt flow.



phases of the Nyeboe Formation. When resting directly
above the basal nonconformity, these deposits may repre-
sent the infill of small incised valleys; this inference is sup-
ported by the poor sorting and limited along-strike extent of
these deposits, although no significant basement topogra-
phy was documented. Most of the Nyeboe Formation is
composed of lithofacies that point to constant wave agita-
tion (wave ripples, hummocky forms) and prolonged sedi-
ment reworking that accounts for the textural and mineral-
ogical maturity of quartz arenite facies (planar-stratified
sandstone, cross-stratified sandstone and hummocky
cross-stratified sandstone). These features are consistent
with a wave-dominated clastic shelf and more specifically
an upper to intermediate shoreface setting. Large foreset
bars therein indicate the accretion and migration of
nearshore-marine sand waves, possibly stressed by long-
shore-drift currents. Minor finer-grained units (planar-
stratified heterolithic beds) may indicate either temporary
flooding and deposition below the storm-wave base or
emergence and incipient pedogenesis in backshore to la-
goon settings (based on mottling and desiccation cracks).
In backshore settings, pin-stripe–laminated sandstone can
indicate the growth and migration of small eolian dunes
that are protected from storm activity. Finally, the establish-
ment of a mixed clastic-carbonate, intertidal and wave-in-
fluenced marine setting is recorded by the planar-stratified

sandstone and dolostone, which contains small stromato-
lites and herringbone cross-stratified sets. This facies
indicates that, at times, the basin was subject to sea-level
rise. The stratigraphic and geographic proximity to eolian
deposits floored by evaporite pseudomorph layers may
indicate a protected sub-environment that allowed for the
local establishment of carbonate facies.

The Sikosak Bay Formation is compositionally and textur-
ally very mature, and its unvaried sedimentology—defined
by planar quartz arenite beds with ubiquitous wave rip-
ples—points to a long-lived marine shoreface setting. As in
the Nyeboe Formation, large foreset bars are related to the
growth and migration of longshore sand waves.

A terrestrial, probably proximal fluvial, depositional set-
ting is recorded by the intraformational breccia draping the
basement nonconformity in the easternmost exposures of
the Whyte Inlet Formation, consistent with the evidence re-
ported by Long and Turner (2012) and Long (2017). The
bulk of the Whyte Inlet Formation consists of interbedded
facies that indicate deposition in a shallow clastic shelf
(wave-rippled sandstone, cross-stratified sandstone and
planar-stratified sandstone). Repeated planar-stratified
granule-stone is interpreted to represent storm events, in
which sand-grained fractions are entrained and transported
and granules are concentrated as floor lags.
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Figure 5: Outcrops of the a) Sikosak Bay and b–d) Whyte Inlet formations: a) planar-stratified sandstone with undulatory (wave ripple)
forms (satellite messenger is ~15 cm long); b) wave-rippled sandstone (lens cap is ~5 cm across); c) cross-stratified sandstone (lens cap is
~5 cm across); d) planar-stratified sandstone (pencil is ~15 cm long).



Future research

The sandstone-dominated formations of the Fury and
Hecla Group record a predominantly shallow-marine ba-
sin. Although most of the sandy lithofacies record
shoreface settings, episodic deposition in coastal to off-
shore-transition settings is also documented, pointing to
fluctuations in relative sea level. The investigation of the
relationships between such fluctuations and patterns of
subsidence versus sediment supply will be performed
through refining the stratigraphy, and through the compari-
son with similar stratigraphic intervals in the southern part
of the Fury and Hecla Basin. The greatest variability in
depositional environments is in the Nyeboe Formation,
which will be the subject of a more detailed facies analysis.
Finally, once a refined geochronological and sedimentary-
provenance framework is achieved for the study area, com-
parison and correlation with the stratigraphy of other Bylot
basins will be attempted.

Economic considerations

Many Proterozoic sedimentary basins and underlying ter-
ranes in the Canadian Shield have been the focus of the-
matic work aimed to map the distribution of uranium anom-
alies (Hiatt et al., 2010; Long and Turner, 2012; Ootes et al.,
2013; Ielpi et al., 2016, 2017a, b), in an attempt to establish
correlations among basins with demonstrated uranium re-
sources (Jefferson et al., 2007). Gamma-ray spectrometric
analyses were performed in summer 2018 at selected loca-
tions, and all returned background values of radiation. Mi-
nor uranium mineralization was reported by Chandler
(1988) near the basal nonconformity flooring the Fury and
Hecla Basin, and in fault-contained quartz stockwork.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with researchers
and students from Laurentian University, McGill University and Université du Québec à Montréal. The multiyear project involves map-
ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System (NTS) map areas north and south of Fury and Hecla Strait on Baffin Is-
land and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).

Greenman, J.W., Patzke, M., Halverson, G.P. and Ielpi, A. 2018: Refinement of the stratigraphy of the late Mesoproterozoic Fury and Hecla
Basin, Baffin Island, Nunavut, with a specific focus on the Agu Bay and Autridge formations; in Summary of Activities 2018, Canada-
Nunavut Geoscience Office, p. 85–96.

Abstract

Recent geochronological, chemostratigraphic and paleontological studies from the Mesoproterozoic Bylot Supergroup of
the Borden Basin in northern Baffin and Bylot islands offer critical insights into the evolution of a late Mesoproterozoic
intracratonic basin system and the origin of photosynthetic eukaryotes therein. Located in northeastern Canada and north-
western Greenland, the Borden, Fury and Hecla, Hunting–Aston, and Thule basins are collectively known as the Bylot bas-
ins. The Fury and Hecla Group comprises a relatively understudied succession of presumably late Mesoproterozoic sedi-
mentary rocks interpreted to be broadly correlative with the Bylot Supergroup. Black shale units from the Fury and Hecla
Group offer an opportunity to contribute new geochronological age constraints using rhenium-osmium geochronology and
are also promising targets for microfossil analyses. This summary outlines the results of fieldwork conducted in the area in
summer 2018, provides an overview of the Fury and Hecla Group stratigraphy, and highlights new observations from the
Agu Bay and Autridge formations, where more detailed work is being conducted.

Correlations drawn between the individual Bylot basins have previously been founded on lithostratigraphic similarities;
however, a lack of depositional age constraints make these proposed correlations difficult to corroborate. Equivalently thick
successions outcrop in both the Fury and Hecla and Borden basins, but the Borden Basin contains a much greater thickness
of carbonate rocks and black shale. In the absence of suitable lithological units to establish chemostratigraphic correlation,
new radiometric ages and sequence stratigraphic frameworks are essential to establish temporal equivalence between these
two basins and understand how they co-evolved.

Résumé

Des études récentes en géochronologie, chimiostratigraphie et paléontologie du Supergroupe de Bylot, d’âge mésoprotéro-
zoïque, du bassin de Borden, situé dans les îles de Baffin et de Bylot, présentent un aperçu de l’évolution d’un système de
bassin intracratonique datant du Mésoprotérozoïque ainsi que de l’origine des eucaryotes photosynthétiques qu’il
renferme. Ce bassin comprend les bassins de Borden, de Fury and Hecla, de Hunting–Aston et de Thule, connus
collectivement sous le nom de « bassins de Bylot ». Le Groupe de Fury and Hecla est représenté par une succession de
roches sédimentaires (datant probablement du Mésoprotérozoïque), relativement peu étudiées et interprétées comme étant
corrélatives du Supergroupe de Bylot. Les unités de schiste argileux noir et les analyses de microfossiles du Groupe de Fury
and Hecla offrent une occasion de contribuer à des nouvelles datations géochronologiques en utilisant la méthode de
datation radiométrique par le rhénium-osmium. Cet article présente les résultats des travaux réalisés dans la région durant
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l’été 2018, passe en revue la stratigraphie du Groupe de Fury and Hecla et fait état de nouvelles observations portant sur les
formations d’Agu Bay et d’Autridge, où des travaux plus détaillés sont en cours.

Les corrélations entre les différents bassins de Bylot ont été précédemment fondées sur des similitudes lithostratigraph-
iques. Cependant, l’absence de contraintes géochronologiques fait qu’il est difficile de confirmer cette corrélation.
D’épaisses successions d’une section stratigraphique équivalente affleurent dans les bassins de Fury and Hecla et de
Borden, mais le bassin de Borden contient une épaisseur d’unités de carbonate et de schiste noir beaucoup plus importante.
En l’absence d’unités lithologiques aptes à permettre l’établissement de corrélations chimiostratigraphiques, de nouveaux
âges radiométriques et des données de séquence stratigraphique sont essentiels en vue de pouvoir établir une équivalence
temporelle entre ces deux bassins et afin de mieux comprendre leur évolution conjointe.

Introduction

The Bylot basins comprise the Hunting–Aston, Thule, Fury
and Hecla, and Borden basins in Nunavut (northeastern
Arctic Archipelago) and northwestern Greenland (Fig-
ure 1). Deposition occurred during the late Meso- to early
Neoproterozoic, meaning these strata span the amalgam-
ation of Rodinia and early diversification of complex
eukaryotes (Butterfield, 2000; Turner et al., 2016; Gibson
et al., 2017; Rainbird et al., 2017). Whereas previous work
on the Bylot basins has been focused primarily on the
Borden Basin, the Fury and Hecla Basin, 200 km to the
south, comprises approximately 6 km of relatively
underexplored strata. Therefore, the Fury and Hecla Basin
presents an opportunity to contribute to an improved under-
standing of the Bylot Supergroup, and expand on recent
studies that have helped to establish and calibrate paleobio-
logical and geochemical phenomena of the terminal
Mesoproterozoic Era (Kah et al., 1999; Turner and
Kamber, 2012; Knoll et al., 2013; Gibson et al., 2017).

Lithostratigraphic frameworks linking the Fury and Hecla
Group and Bylot Supergroup have been proposed (Jackson
and Iannelli, 1981; Chandler, 1988; Long and Turner,
2012); however, meaningful correlations are difficult to es-
tablish owing to the lack of geochronological age con-
straints within the Fury and Hecla Group. Black shale units
from the Fury and Hecla Group offer an opportunity to con-
tribute lower and upper age constraints on the succession
using the rhenium-osmium (Re-Os) radiometric dating
method. Asimilar approach applied to the Borden Basin re-
vealed that most of the Bylot Supergroup was much youn-
ger (ca. 1.05 Ga; Gibson et al., 2017) than widely believed
(1.2 Ga) based on loose age constraints and assumptions.
Sequence stratigraphic analyses will further highlight basin
evolution and, in the near absence of carbonate rocks in the
Fury and Hecla Group suitable for ä13C and 87Sr/86Sr chem-
ostratigraphy, will prove essential when testing correla-
tions and geodynamic linkages with the Borden Basin.

The discovery of Bangiomorpha pubescens, the oldest tax-
onomically resolved eukaryote in the geological record, in
both the Hunting Formation of the Hunting–Aston Basin

(Butterfield, 2000) and the Angmaat Formation in the
Borden Basin (Knoll et al., 2013) highlights the importance
of the Bylot basins to the calibration and interpretation of
early eukaryotic evolution. Precise age constraints from the
Borden Basin, in conjunction with new molecular clock es-
timates, suggest that the primary-plastid endosymbiotic
event (when photosynthesis first emerged in eukaryotes)
occurred ca. 1.25 Ga (Gibson et al., 2017). Eukaryovory
(protists ingesting other prostists) likely emerged around
1.0 Ga (Loron et al., 2018). Well-preserved microfossils in-
terpreted as eukaryotes (Butterfield and Chandler, 1992)
were described from a single specimen from the Agu Bay
Formation. This single promising fossil discovery and re-
cent important developments in middle Proterozoic paleo-
biology motivated a renewed effort to search for micro-
fossils in the Fury and Hecla Group. Shaly units of the Agu
Bay and Autridge formations constitute highly prospective
targets for further micropaleontological studies, the
importance of which will be amplified by successful
radiometric dating.

Ideally, updated sedimentological and sequence strati-
graphic frameworks developed for the Fury and Hecla Ba-
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Figure 1: Distribution of the Bylot basins in northeastern Canada
and northwestern Greenland. Box with dashed border indicates
the location of Figure 2.



sin will establish patterns of sedimentary fill that can be
correlated in greater detail with those of other Bylot basins.
In doing so, and in conjunction with an updated geochron-
ological framework, datasets generated from the Fury and
Hecla Group will be placed in the regional tectonic context
to better understand how northeastern Canada evolved
through the late Mesoproterozoic to early Neoproterozoic.
This paper outlines the stratigraphy of the Fury and Hecla
Group and summarizes detailed work from the first of two
field seasons on the Black Shale and Cape Appel members
of the Agu Bay and Autridge formations, respectively.

Previous work

The first mapping efforts in Fury and Hecla Strait were un-
dertaken by Blackadar (1958, 1963, 1970), who divided the
succession into the Fury and Hecla, and Autridge forma-
tions. Additional fieldwork was carried out by Lemon and
Blackadar (1963), Chandler et al. (1980) and Chandler
(1988). Jackson and Iannelli (1981) refined the stratigra-
phy of the Borden Basin, suggesting that the basal strata of
the Bylot basins were constrained by the ca.1270 Ma Mac-
kenzie igneous events (LeCheminant and Heaman; 1989)
and proposing correlations between the Fury and Hecla,
and Borden basins. Detailed mapping of the Fury and Hecla
Basin by Chandler (1988) focused primarily on the north-
ern shore of Fury and Hecla Strait between Agu Bay and

Sikosak Bay using a combination of ground traverses and
helicopter surveys (Figure 2). This study culminated in the
recognition and mapping of five distinct formations within
the Fury and Hecla Group. Chandler (1988) interpreted the
uppermost strata to be intruded by the ca.720 Ma Franklin
igneous events (Heaman et al., 1992), which provides the
best available upper age constraint in the succession. Re-
sults of reconnaissance fieldwork east of Sikosak Bay,
along the northern shore of Fury and Hecla Strait, and on
northwestern Melville Peninsula are presented in Long and
Turner (2012).

Geological setting

Strata of the Fury and Hecla Group dip gently to the south
(less than 20º) and sit nonconformably atop Paleoprotero-
zoic granitic gneiss. The Fury and Hecla Group (Figure 3)
has a total thickness ranging from 2.2 to 6 km. Most strata
exposed in the Fury and Hecla Group are interpreted to rep-
resent deposition within a tidally influenced, shallow-ma-
rine environment that deepened to the west (Chandler,
1988). Sandstone and fine-grained siliciclastic rocks domi-
nate the succession, with thin carbonate units preserved lo-
cally in members of the Nyeboe and Agu Bay formations
(Figure 3). The basin contains many postdepositional east-
trending faults, predominantly in the northern and western
areas of the basin.
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Figure 2: Geology of the Fury and Hecla Group along the northern Melville Peninsula, Nunavut (after Scott and de Kemp, 1998, and Long
and Turner, 2012) and southwestern Baffin Island (after Chandler, 1988). Box with dashed border shows the location of Figure 5 and the as-
terisk, the location of Figure 7. Abbreviations: Fm, Formation; Mb, Member.



Nyeboe Formation

The Nyeboe Formation (~500 m thick) comprises con-
glomerate, sandstone and shale units, carbonate rocks and
basalt showing significant vertical lithological heterogene-
ity and lateral facies variation. Basal strata commonly con-
sist of several metres of granular, red quartz arenite, in turn
overlain by several metres of medium-grained quartz aren-
ite, with large-scale west-dipping foresets. An intrafor-
mational conglomerate wedge in the eastern portion of the
basin overlies the crossbedded quartz arenite and pinches
out eastward. The conglomerate contains pebble- to boul-
der-sized clasts of quartz arenite and presumably corre-
sponds to the basal polymict breccia defined by Chandler
(1988). The remainder of the Nyeboe Formation is predom-
inantly composed of sandstone although poor exposure
limits detailed descriptions. Near the top of the unit in the
western portion of the basin, dolomite-cemented sandstone
is interbedded with microbialite, which in one locality con-
tains apparent gypsum casts. The uppermost Nyeboe For-
mation, in the western part of the basin, is interbedded with
an altered basalt with subordinate amygdules and pillows.
The Nyeboe Formation is overlain by the Hansen Forma-
tion in the west and the Sikosak Bay Formation in the east
(Figure 2). Amore detailed sedimentological description of
the Nyeboe Formation is contained in Patzke et al. (2018).

Hansen Formation

The Hansen Formation is a laterally extensive, columnar-
jointed basalt that reaches up to 30 m in thickness. Fresh
surfaces are grey-green to black and a thin chilled margin is
observed at the basal contact with the Sikosak Bay Forma-
tion. The Hansen Formation shares a complex stratigraphic
relationship with the Sikosak Bay Formation, occurring at a
stratigraphically higher level in the Sikosak Bay Formation
in eastern exposures (Figure 2).

Sikosak Bay Formation

The Sikosak Bay Formation is composed of 15 to 150 m of
white quartz arenite. Oscillatory-flow structures and large
foreset bars are characteristic of this unit. Where observed,
the contact with the overlying Agu Bay Formation is con-
formable.

Agu Bay Formation

The Agu Bay Formation, which reaches a total thickness of
~500 m, comprises black shale and, locally, carbonate
rocks, siltstone and quartz arenite. It is subdivided into
three members, which described in ascending stratigraphic
order are: the Dolomite (DM), Black Shale (BSM) and
Redbed (RM) members (Figures 3, 4a, b, c). The lowermost
DM (Figure 4c), only observed in the centre of the basin
and <10 m thick (WG-1; Figure 5), is composed of metre-
scale biohermal stromatolites, oolite, oncolite, dolomite
grainstone and, locally, dolomite-cemented mudstone.
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Figure 3: Simplified stratigraphy of the Fury and Hecla Group,
Nunavut, highlighting geochronological sample sites. Basal ca.
1270 Ma age constraint from LeCheminant and Heaman (1989);
ca. 720 Ma age constraint from Heaman et al., (1992). Abbrevia-
tions: BSM, Black Shale member; DM, Dolomite member (thick-
ness exaggerated); Fm, Formation; Mb, Member; Re-Os, rhenium-
osmium; U-Pb, uranium-lead.



The BSM (Figure 4b) directly overlies the Sikosak Bay
Formation west of Whyte Inlet, whereas the RM (Fig-
ure 4a) overlies it near Sikosak Bay. The BSM is approxi-
mately 75 m thick and was divided into 13 distinct units
(see Chandler, 1988, Figure 11b). It is composed of black
shale, siltstone and minor coarse-grained, cross-stratified
quartz arenite, comprising coarsening-upward parasequen-
ces. An ash-flow tuff 40 cm thick is exposed ~32 m from
the base of the BSM (WG-2; Figure 5).

The RM is the most laterally extensive of the three and ex-
tends from Agu Bay to Sikosak Bay (Chandler, 1988). Char-
acteristic parasequences, which extend over ~500 m, con-
sist of red siltstone, minor shale to coarse-grained, red to
white quartz arenite. Detailed descriptions of this cyclicity
and accurate measurements of the total thickness is ham-
pered by poor exposure. Aside from river cuts, outcrops
commonly only preserve the coarser-grained sandstone
beds capping parasequences, separated by 15–20 m lacking
exposures, which likely represent the more recessive por-
tions of the parasequences. Near the top of the RM, a basin-
wide mudstone that displays desiccation cracks is ob-
served.

Whyte Inlet Formation

The Whyte Inlet Formation comprises mature, pink to
white, quartz arenite reaching up to 3 km in thickness. It
erosively overlies Paleoproterozoic basement rocks east of
Sikosak Bay and gradationally overlies the Agu Bay For-
mation elsewhere (Figure 2). Upper layers of the Whyte In-
let Formation contain pebbles up to 3 cm in diameter. This
formation is gradationally overlain by the Mikkelsen Mem-
ber of the Autridge Formation. A more detailed description
of the Whyte Inlet Formation is contained in Patzke et al.
(2018).

Autridge Formation

The Autridge Formation comprises approximately 2 km of
siltstone and black shale interbedded with minor sandstone.
It is subdivided into two members: the lower Mikkelsen
and overlying Cape Appel members. Exposure is confined
to the western portion of the basin and the formation is in-
ferred to pinch out near Whyte Inlet (Figure 2). The
Mikkelsen Member consists of up to 1500 m of grey quartz
arenite, siltstone with syneresis cracks and black shale. The
latter becomes more abundant upsection, where it is
interbedded with cross-stratified quartz arenite showing
flaser and lenticular bedding. The overlying Cape Appel
Member consists of approximately 500 m of black shale
(Figure 6b) and dark grey siltstone with ubiquitous
syneresis cracks (Figure 6c), capped by beds of medium- to
coarse-grained cross-stratified quartz arenite (Figure 6d).
Parasequences are 15–25 m thick (Figures 6a, 7). The
Autridge Formation is overlain by the Dybbol Sill (Chan-
dler, 1988) of presumed Franklin age.

Sampling

Agu Bay Formation

Three partial stratigraphic sections of the Agu Bay Forma-
tion measure the Black Shale member, in the centre of the
Fury and Hecla Basin (Figure 5). Six samples were col-
lected from the Dolomite member (section WG-1; Fig-
ure 5) for stable isotope geochemistry. A suite of samples
(n = 11) was collected ~36 m above the basal contact with
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Figure 4: Outcrop photographs of members of the Agu Bay Forma-
tion in the central Fury and Hecla Basin, Nunavut: a) plan-view ex-
posure of dolomite member (scale bar is 15 m); b) Black Shale
member (arrow pointing at geologist for scale); c) Redbed mem-
ber.
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Figure 5: Measured stratigraphic sections of the Agu Bay Formation in the central Fury and Hecla Basin, Nunavut. Inset corresponds to the
location of the map area shown on Figure 2.
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Figure 6: Field photographs of facies of the Cape Appel Member of the Autridge Formation in the central Fury and Hecla Basin, Nunavut:
a) coarsening-upward parasequences (scale is approximately 15 m); b) black shale from the base of parasequences (penny for scale); c)

siltstone, showing syneresis cracks, to fine sandstone from the middle of a parasequence (penny for scale); d) medium- to coarse-grained
sandstone from the top of a parasequence (increments of Jacob’s staff are 10 cm).
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Figure 7: Measured stratigraphic sections of the Cape Appel Member of the Autridge Formation in the central Fury and Hecla Basin,
Nunavut. Inset corresponds to the location of the map area shown on Figure 2.



the Sikosak Bay Formation for Re-Os geochronology and
microfossil samples were collected where suitable material
was present (section WG-3; Figure 5). A layer of presumed
tuff 40 cm thick was sampled for U-Pb zircon geochronol-
ogy from section WG-2, ~32 m from the basal contact with
the Sikosak Bay Formation.

Autridge Formation

The Cape Appel Member of the Autridge Formation is well
exposed along a river in the southwestern portion of the
study area and two partial stratigraphic sections were mea-
sured during the 2018 field season (Figures 2, 7). A set of
ten samples for Re-Os geochronology was collected 4 m
from the base of section WG-4. Prospective samples for
microfossil collection and analysis were collected from in-
tervals where coherent siltstone material contained organic-
rich flecks.

Discussion

Fine-grained units are generally poorly exposed in the Fury
and Hecla Basin, and river cuts are generally the only loca-
tion where more friable siltstone/shale packages are pre-
served. No syndepositional faulting was observed. The
bulk of the Nyeboe Formation appears to record nearshore-
marine deposition on a shallow, clastic shelf. However, the
formation does contain a record of punctuated changes in
depositional environment, as detailed in Patzke et al.
(2018). For example, steeply-dipping foresets near the base
of the Nyeboe Formation are interpreted as eolianites repre-
senting a locally developed, westward-migrating dune
field. An overlying intraformational conglomerate, replete
with cannibalized quartz arenite clasts, records local epi-
sodes of uplift and erosion, presumably the consequence of
block faulting. Furthermore, this resedimentation event ap-
pears to be broadly contemporaneous with deposition of
subaqueous pillow basalt of the Nyeboe Formation, poten-
tially representing an important event in the evolution of
the basin.

One explanation for the complex field relationships be-
tween the Hansen and Sikosak Bay formations is that the
former, rather than having been emplaced by a flow (or se-
ries of flows), consists instead of a series of sills and feeder
dykes that crosscut the latter at a low angle. This hypothesis
is supported by the Hansen’s textural homogeneity, lack of
evidence for flow or subaqueous extrusion, and absence of
any change to depositional environment or lithology above
and below the sill(s). Alternatively, the Hansen Formation
was originally interpreted to represent a subaerial basalt
interfingering with the westward-migrating sandstone fa-
cies of the Sikosak Bay Formation (Chandler, 1988). This
observation is supported by the presence of columnar joint-
ing in the Hansen Formation; however, a fully marine ori-
gin is interpreted for the Sikosak Bay Formation, which
contradicts the suggested subaerial origin for the Hansen

Formation. Opposing field relationships reinforce the need
for a geochemical assessment, as described by F. Dufour et
al. (work in progress).

The restriction of carbonate deposition to the thin and local-
ized dolomite of the Agu Bay and Nyeboe formations sug-
gests deposition in a lagoon or otherwise protected envi-
ronment. It was deposited during transgression and is
overlain by fine-grained siliciclastic rocks, indicating
drowning and consequently a cessation of carbonate sedi-
mentation. The remainder of the Agu Bay Formation com-
prises parasequences likely deposited close to storm-wave
base. Chandler et al. (1980) observed that the Agu Bay and
Whyte Inlet formations are separated by a laterally exten-
sive surface with desiccation cracks, implying punctuated
emergence of the basin.

The maturity of the Whyte Inlet Formation indicates a great
deal of reworking occurred within a shallow-marine
depositional environment. East of Sikosak Bay, the basal
Whyte Inlet Formation includes pebble conglomerate in-
ferred to have been deposited as fluvial gravel bars (Long
and Turner, 2012; Long, 2017), interpreted to represent the
proximal equivalent of shallow-marine sediments to the
west. Parasequences of the Autridge Formation with black
shale, siltstone with syneresis cracks and quartz arenite show-
ing lenticular bedding are interpreted to represent a distal
equivalent to the Whyte Inlet Formation, supporting the hy-
pothesis of an overall westward-deepening of the basin.
The Mikkelsen Member was originally interpreted as a
transitional member between the Whyte Inlet Formation
and Cape Appel Member by Chandler (1988); this infer-
ence is supported by observations recorded this summer.

Economic considerations

The Borden Basin, 200 km to the north, hosts base-metal
(zinc, lead, silver, copper) deposits (e.g., Patterson and
Powis, 2002); however, no evidence of base-metal mineral-
ization was observed in the Fury and Hecla study area. The
Black Shale and Cape Appel members are considered shale
gas reservoirs and determining their degree of thermal mat-
uration will greatly contribute to improving understanding
of their prospectivity. Future investigations of metallifer-
ous black shale-hosted uranium will also be assessed in
2019.

Conclusions

Field studies on the Fury and Hecla Group north of Fury and
Hecla Strait reveal several exquisitely preserved strati-
graphic sections that present exposures of members of the
Agu Bay and Autridge formations. Two sample sets for Re-
Os analysis and another collected from a tuff bed 40 cm
thick are used to establish depositional age constraints near
the base and top of the succession (Figure 3). In addition to
a detrital zircon provenance analysis of the Fury and Hecla
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Group, a sequence stratigraphic framework will be estab-
lished for the basin.

Future work will involve a micropaleontological analysis
of samples from the Autridge and Agu Bay formations. Ad-
ditionally, a well-resolved chemostratigraphic framework
needs to be established, using black shale sample material
to shed light on ocean chemistry, including redox condi-
tions during basin development. Ultimately, these pro-
posed datasets, constrained by new and much-needed geo-
chronological data, will help elucidate where future work
in the Bylot basins needs to take place to improve under-
standing of the tectonic, stratigraphic and geochemical
storyline of the terminal Mesoproterozoic in northeastern
Canada.
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ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System (NTS) map areas north and south of Fury and Hecla Strait on Baffin Is-
land and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).
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p. 97–106.

Abstract

The work presented here is a subactivity of the Canada-Nunavut Geoscience Office’s (CNGO) Fury and Hecla Geoscience
Project. The aim of this subactivity is to evaluate the Ordovician stratigraphy on the unnamed peninsula in southwestern
NTS area 37F and northwestern NTS area 37C on northern Baffin Island. The fieldwork, carried out between July 18
and 30, 2018, focused on sampling carbonate and clastic rocks within the Ordovician succession at six localities that cov-
ered the different elevations and stratigraphic intervals in the project area. This work will provide essential data for more de-
tailed stratigraphic division, evaluating the ages of different stratigraphic units, and making stratigraphic correlations with
other areas around Foxe Basin using conodont microfossil data from processing the 74 samples collected.

Résumé

Les travaux dont fait état le présent rapport s’inscrivent dans le cadre d’un programme géoscientifique intégré de Fury and
Hecla mené par le Bureau géoscientifique Canada-Nunavut. Ce sous-programme a pour objet d’évaluer la stratigraphie
ordovicienne d’une péninsule non identifiée située au sud-ouest de la région paraissant sur le feuillet du SNRC 37F et au
nord-ouest du feuillet 37C, dans la partie nord de l’île de Baffin. Les travaux sur le terrain, qui se sont déroulés du 18 au 30
juillet 2018, ont surtout porté sur la cueillette à six emplacements d’échantillons de roches carbonatées et clastiques répartis
à différentes élévations et dans divers intervalles stratigraphiques de la succession ordovicienne à l’étude. Grâce à ces
travaux, d’importantes données seront recueillies en vue de l’établissement d’une répartition stratigraphique plus fouillée,
qui permettra de déterminer l’âge des diverses unités stratigraphiques et d’établir des corrélations stratigraphiques avec
d’autres régions environnant le bassin de Foxe. Les données utilisées pour ce faire proviendront de l’analyse des
microfossiles (conodontes) prélevés des 74 échantillons qui ont été recueillis.

Introduction

Ordovician strata are exposed on the unnamed peninsula in
the southwestern corner of NTS area 37F and the north-
western corner of NTS area 37C, northeast of Fury and
Hecla Strait on northern Baffin Island, Nunavut (Figure 1).
The earliest studies on the Ordovician strata in this area
were carried out by Jackson (1969) at a reconnaissance

scale. Three stratigraphic sections, numbered 25, 26 and 27,
were measured on the unnamed peninsula west of Steensby
Inlet by Trettin (1975), which is in the same area as this pro-
ject. Trettin (1975) recognized three rock units in the area:
members A and B of the Ship Point Formation and Map-
unit Ols. The two members were dated as early Middle Or-
dovician, questionably extending to late Early Ordovician
based on conodonts (Trettin, 1975). Map-unit Ols was dated
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as late Middle Ordovician based on macrofossils, which
was questionably extended to Late Ordovician (Trettin,
1975; Figure 2).

These Ordovician rock units were deposited in the Foxe
Basin, which occupied an area of about 190 000 km2 (Pinet
et al., 2013). In such a large sedimentary basin, detailed
stratigraphic studies have been restricted to Melville Penin-
sula and southern Baffin Island (McCracken and Bolton,
2000; Zhang, 2012, 2013). These studies revealed that the
youngest preserved Ordovician strata are different from lo-
cality to locality, the thickness of the same stratigraphic unit
varies at different localities, and the different stratigraphic
units lie unconformably on the Precambrian bedrock at
different localities (Figure 2).

Obviously, having data from only Melville Peninsula and
southern Baffin Island limits the knowledge to fully under-
standing the distribution of Ordovician strata in the entire
basin. More importantly, with the increased interest in hy-
drocarbon exploration in the Canadian Arctic, it is clear
that new data from other areas in the basin are needed to
better understand the Ordovician stratigraphy of the Foxe
Basin and correlations throughout the Arctic region. In or-
der to meet this objective, examination of the Ordovician
stratigraphy on the unnamed peninsula (southwestern NTS
area 37F and northwestern NTS area 37C) northeast of
Fury and Hecla Strait on northern Baffin Island was in-
cluded as one component of the CNGO’s Fury and Hecla
Geoscience Project, led by H. Steenkamp of the CNGO.
The other two components are Precambrian bedrock map-
ping and surficial geology. This paper summarizes the
fieldwork for the Ordovician stratigraphic component
conducted by the author during the field season of 2018.

Ordovician stratigraphy on the unnamed
peninsula (southwestern NTS area 37F and
northwestern NTS area 37C)

Ship Point Formation

The Ship Point Formation was defined originally as a
dolomitic unit lying between the Turner Cliffs and
Baillarge formations in the Admiralty Inlet area of Baffin
Island; however, all these units were dated as Late Ordovi-
cian (Blackadar, 1956). The Ship Point Formation was re-
defined by Trettin (1975) to include Member A and Mem-
ber B (Figure 2); Member A is ‘member S3’, a sandstone
unit of the Turner Cliffs Formation (Trettin, 1969), and
Member B is the original Ship Point Formation, a dolomitic
unit (Blackadar, 1956). Based on detailed field investiga-
tions between Igloolik Island and Roche Bay (Bolton,
1977; Sanford, 1977), Sanford and Grant (2000) divided
the Ship Point Formation into Units 1–4 (Figure 2). Basi-
cally, Unit 1 and Units 2–4 are equivalent to Member A and
Member B, respectively, of Trettin (1975). In southwestern
NTS area 37F and northwestern NTS area 37C, there is no

continuous section to expose the entire Ship Point Forma-
tion; therefore, Trettin’s (1975) division of the Ship Point
Formation into members Aand B is employed in the present
study (Figure 2).

In the study area, Member A of the Ship Point Formation is
white or light grey, medium- to coarse-grained, thinly to
massively bedded sandstone that weathers to a light brown-
orange colour. It is uncertain whether Member A lies
disconformably on the Cambrian Turner Cliffs Formation
or unconformably on the Precambrian bedrock because the
lower contact of Member A is not exposed and it is most
likely below sea level. Member B is composed mainly of
light grey to tan, thin- to thick-bedded dolostone and argil-
laceous dolostone, which is the dominant lithology of the
Ship Point Formation.
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Figure 1: Simplified geology for the vicinity of Fury and Hecla Strait
(modified from Wheeler et al., 1997), showing the location of NTS
areas 37F and 37C (black outlines) and the project area on the un-
named peninsula west of Steensby Inlet (red polygon).



Frobisher Bay and Amadjuak formations

The informal name, Map-unit Ols, was first applied by
Trettin (1975) to a monotonous succession of variably
dolomitic limestone that disconformably overlies the Ship
Point Formation (Figure 2). New names were proposed for
the three rock units that stratigraphically succeed the Ship
Point Formation, namely the Frobisher Bay, Amadjuak and
Foster Bay formations (Sanford and Grant, 1990). The for-
mer two replaced Trettin’s (1975) Map-unit Ols.

The Frobisher Bay Formation in the Foxe Basin is well ex-
posed on Melville Peninsula and southern Baffin Island. It
is a thin unit (about 15 m) of limestone and argillaceous
limestone that disconformably overlies the Ship Point For-
mation on Melville Peninsula and unconformably lies on
Precambrian bedrock on southern Baffin Island (Sanford
and Grant, 2000; Zhang, 2012, 2013; Figure 2). It is charac-

terized by its distinctive Gonioceras-Labyrinthites

macrofossil assemblage (Bolton, 1977, 2000). Since no
components of this macrofossil assemblage were found
during this study, it could not be confirmed that the
Frobisher Bay Formation occurs in the study area.

The Amadjuak Formation is composed of dark grey or
brown-grey limestone and is characterized by irregular
zones of yellowish orange mottling on almost all bedding
planes, which are formed by diagenetic dolomite (Zhang et
al., 2011). These rocks are only found as eroded remnants
on the tops of several mesas in the study area.

Localities and samples

After a reconnaissance survey, the field investigations were
focused in seven localities (Figure 3) from the coast to the
highest elevation on the unnamed peninsula, where the
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Figure 3: Location (red dots and lines) of the seven main Ordovician localities studied in NTS areas 37F and 37C during the 2018
field season. The base map is a SPOT satellite colour image (Airbus Defence and Space, 2018).



strata are relatively well exposed. The Ordovician strata in
the study area are slightly dipping southeast (about 2–3°),
and the sections at these seven localities from the coast to
the highest elevation encompass all the stratigraphic units

exposed on the peninsula. Table 1 summarizes the co-ordi-
nates, rock units and samples at each locality. The detailed
lithology and stratigraphic units at each locality are pro-
vided in the following discussion.
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Table 1: Summary of the field localities and samples in NTS areas 37F and 37C.



Locality 1

Locality 1 is right on the east coast (Figure 3), where 5 m of
thin- to medium-bedded, carbonate-cemented, orange-

weathering sandstone is exposed (Figure 4a). This is the
only exposure of Member A of the Ship Point Formation
along the coast in the study area. It is uncertain if this out-
crop represents the lowest Member Aof the Ship Point For-
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Figure 4: Outcrops at a) locality 1, b) locality 3, e) locality 5, f) locality 6 and g) locality 7. Other images: c) SPOT colour image (Airbus De-
fence and Space, 2018) around locality 3, showing the different colours between Members A and B of the Ship Point Formation (yellow line
and dot represent 50 m contour line and sample SZ18-03-07, respectively); and d) typical lithology of the Amadjuak Formation at locality 4.



mation, because the strata below this outcrop are below sea
level. Two thin-bedded sandstone samples were collected
for processing conodonts.

Locality 2

Locality 2 is on the northern slope of a mesa, elongated
northwest-southeast (Figure 3), and at an elevation of about
60 m. About 10 m of grey, thin- to medium-bedded, yellow-
ish-brown–weathering dolostone is exposed. Based on the
elevation and lithology, the rocks exposed at this locality
most likely belong to lower Member B, Ship Point Forma-
tion. Three thin-bedded dolostone samples were collected
for processing conodonts.

Locality 3

Locality 3 is on the northern slope of an isolated mesa, elon-
gated north-south, in the northwestern part of the study area
(Figure 3). The section started at an elevation of about 35 m
and ended at an elevation of about 65 m. Approximately 30
m of sandstone and dolostone are exposed at four terraces
on the slope (Figure 4b), and this section extends across the
boundary between members Aand B, Ship Point Formation
at an elevation of about 50 m and between conodont sam-
ples SZ18-03-06 and SZ18-03-07. At this elevation, the
SPOT colour image (Airbus Defence and Space, 2018)
shows a sharp colour change from dark brown (Member A)
to pinkish grey (Member B; Figure 4c); this feature can be
seen throughout the entire study area (Figure 3) and is use-
ful in geomapping. Six sandstone and seven dolostone
samples were collected for processing conodonts.

Locality 4

Locality 4 is on the top of a mesa in the north-central part of
the study area (Figure 3). The section begins at the highest
point, at an elevation of between 180 and 190 m, and ends
downslope at an elevation of about 140 m. Ten limestone
and eleven dolostone samples were collected from the more
than 40 m thick section for processing conodonts. This sec-
tion extends across the boundary between the Ship Point
and Frobisher Bay/Amadjuak formations. The boundary is
between 160 m and 170 m in elevation and between cono-
dont samples SZ18-04-10 and SZ18-04-11. Based on field
observations, it is uncertain if the lower part of this lime-
stone unit belongs to the Frobisher Bay Formation; the data
from the conodont samples may help in the stratigraphic as-
signment. However, the rocks exposed on the top of the
mesa at an elevation greater than 180 m exhibit typical
lithological features of the Amadjuak Formation, being
dark grey or brown-grey limestone with yellowish orange
irregular zones of mottling on bedding planes (Figure 4d).
Based on petrographic study, the irregular yellowish or-
ange zones are formed by diagenetic dolomite (Zhang et al.,
2011). If the stratigraphic interval between elevations of
160 and 180 m includes both Frobisher Bay and Amadjuak
formations, then the Amadjuak Formation segment would

be a very thin erosional remnant, perhaps representing only
the lowest part of this formation.

Locality 5

Locality 5 is within a deeply incised creek in the north-cen-
tral part of the study area (Figure 3). The dolostone of mem-
ber B, Ship Point Formation is very well exposed (Fig-
ure 4e) between elevations of 40–50 m and 90–100 m. The
creek exposes a major part of member B but not the bound-
ary between members A and B or the boundary between the
Frobisher Bay and Ship Point formations. Twenty-seven
dolostone samples were collected for processing
conodonts.

Locality 6

Locality 6 is on the top of a mesa in the north-central part of
the study area (Figure 3). The limestone is well exposed
along a gentle slope (Figure 4f) between the top of the mesa
(at an elevation of greater than 160 m) and an elevation of
between 160 and 150 m. These rocks are similar to those
exposed above an elevation 160 m at locality 4; they may
include both Frobisher Bay and Amadjuak formations, or
possibly consist only of the Amadjuak Formation. Eight
limestone samples were collected for processing cono-
donts, which should help in determining the stratigraphic
assignment.

Locality 7

Locality 7 is right on the southeast coast (Figure 3), where
5–6 m of thin- to medium-bedded, grey dolostone is ex-
posed (Figure 4g). This is most likely member B, Ship Point
Formation. The basal member B of the Ship Point Forma-
tion occurs near sea level in the southeastern part of the
area, rather than at an elevation of about 50 m, as seen at lo-
cality 3 in the northwestern part, because the southeasterly
dip of the strata has gradually lowered their stratigraphic
position in a southeasterly direction. No conodont samples
were collected from this locality.

Estimating thickness of different
stratigraphic units and mapping Paleozoic
portion on the unnamed peninsula

As the Ordovician strata are only slightly dipping or nearly
horizontal, and no major faults and folds are found in the
study area, the elevation data can be used to determine the
boundaries between different stratigraphic units and esti-
mate the thickness of different rock formations. This is the
same procedure that was used for studying Upper Ordovi-
cian stratigraphy on Melville Peninsula and Akpatok
Island, Nunavut (Zhang 2013, 2018).
• Member A, Ship Point Formation: The boundary be-

tween members A and B is exposed at an elevation of
about 50 m at locality 3. This means that the minimum
thickness of Member A is 50 m, but it is most likely
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thicker because its lower boundary is not exposed in the
study area.

• Member B, Ship Point Formation: The boundary be-
tween Member B and the Frobisher Bay/Amadjuak for-
mations is exposed between elevations of 160 and
170 m at locality 4. This, plus the 50 m elevation of the
boundary between members Aand B noted above, show
that the thickness of Member B is about 110–120 m in
the study area.

• Frobisher Bay/Amadjuak formations: The limestone of
the Frobisher Bay/Amadjuak formations was seen
above an elevation of 160 m at locality 4 and above an
elevation of 150–160 m at locality 6. The boundary be-
tween Member B of the Ship Point Formation and the
Frobisher Bay/Amadjuak formations is exposed be-
tween elevations of 160 and 170 m at locality 4; and the
highest elevation in the study area is at locality 4, which

is more than 180 m. Thus, the thickness of the Frobisher
Bay/Amadjuak formations is only about 20 m in the
study area, which indicates that most of Amadjuak For-
mation has been eroded off in the study area compared
with other areas in the Foxe Basin.

• The geological map in Figure 5 has been created based
on the field observations, the defined boundaries dis-
cussed above and the SPOT satellite colour image (Air-
bus Defence and Space, 2018).

Absence of an Ordovician organic-rich
interval on the unnamed peninsula

No evidence was found for any Ordovician organic-rich in-
terval from the coast up to the highest point of the study
area, which covers a stratigraphic interval of more than 180
m in thickness. In the Foxe Basin, the confirmed Ordovi-
cian organic-rich interval occurs in the lower Amadjuak
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Figure 5: Geology of the unnamed peninsula in southwestern NTS area 37F and northwestern NTS area 37C.



Formation (Macauley, 1987; Riva, 2000; Zhang, 2012;
Zhang and Riva, 2018). Another organic-rich interval
could be in the Foster Bay Formation, the possible presence
of which is based on the organic-rich rubble at the top of
Akpatok Formation on southern Baffin Island (Zhang,
2012). Obviously, the Foster Bay Formation does not exist
in the study area. The question, therefore, is whether the
remnant of the Amadjuak Formation in the study area could
preserve the organic-rich interval. The total thickness of
Frobisher Bay/Amadjuak formations is only about 20 m in
the study area. If the 20 m of limestone includes the
Frobisher Bay Formation, which is about 15 m elsewhere in
the Foxe Basin, it is most unlikely that the organic-rich in-
terval is preserved in the lower Amadjuak Formation.
Therefore, the author considers that the organic-rich inter-
val had already been eroded from the study area if it was
originally deposited in the area during the Ordovician.

Economic considerations

The aim of the project was to evaluate the Ordovician stra-
tigraphy and the presence/absence of an organic-rich inter-
val (i.e., the source rock for the petroleum system) in south-
western NTS area 37F and northwestern NTS area 37C.
The field investigation in the selected area resulted in
1) identification of the boundaries between different mem-
bers and formations; 2) estimation of the thickness of dif-
ferent rock formations; 3) creation of a geological map;
4) assessment of whether an organic-rich interval was pres-
ent in or eroded from the area; and 5) sampling of clastic
and carbonate rocks for processing conodonts to aid in
paleontological dating and correlation of the stratigraphic
units.

This preliminary work, expanding on earlier reconnais-
sance survey done several decades ago, has increased the
understanding of the Ordovician stratigraphy and petro-
leum potential in the Foxe Basin, and could eventually as-
sist in the evaluation of the petroleum system in the basin.
The post-field studies on conodont microfossils will pro-
vide detailed data to improve the age assignment of the
stratigraphic units and their correlation within the Foxe Ba-
sin and to other regions of the Arctic and Hudson Bay
Basin.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with researchers
and students from Laurentian University, McGill University and Université du Québec à Montréal. The multiyear project involves map-
ping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprises
all or parts of nine 1:250 000 scale National Topographic System (NTS) map areas north and south of Fury and Hecla Strait on Baffin Is-
land and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).

Tremblay, T. and Godbout, P.M. 2018: Surficial geology of the north coast of Fury and Hecla Strait, northwestern Baffin Island, Nunavut;
in Summary of Activities 2018, Canada-Nunavut Geoscience Office, p. 107–120.

Abstract

In the summer of 2018, fieldwork was conducted on the north coast of Fury and Hecla Strait on northwestern Baffin Island,
Nunavut, to document glacial dynamics at a regional scale. Glacial geomorphology has been interpreted and generalized
from field observations and integrated with elements from previous surficial geology maps and field observations, and the
analysis of pebble lithology in till. The combined use of satellite imagery (SPOT 6) and high-resolution digital elevation and
bathymetric models has increased the level of mapping detail. Glaciodynamic mapping shows important contrasts in glacial
erosion and transport in the study area. A synthesis of new and published datasets of clast-lithology counts indicates the im-
portance of the main ice-flow phase in the region, and highlights the presence of an ice divide over the Saputing Lake–
Gifford River area and of ice streams in the Bernier Bay, Fury and Hecla Strait and Whyte Inlet areas.

Résumé

À l’été 2018, des travaux de terrain ont été complétés au nord du détroit de Fury and Hecla, dans la région nord-ouest de l’île
de Baffin, au Nunavut, afin de documenter la dynamique glaciaire à l’échelle régionale. La géomorphologie est interprétée
et généralisée à partir des observations de terrain et intègre des éléments provenant de carte des formations superficielles et
de données d’observations de terrain antérieures ainsi que d’analyses pétrographiques du till. L’utilisation d’images satel-
lites (SPOT6) combinées aux modèles altimétriques et bathymétriques numériques à haute résolution permet de raffiner le
niveau de détail. La cartographie des zones glaciodynamiques sert à identifier les effets de l’érosion et du transport glaciaire
dans la région. Une synthèse de comptages pétrographiques des clastes dans le till, comprenant de nouvelles données et des
données publiées, souligne à la fois l’importance de la phase dominante de transport glaciaire dans la région et la présence
entre le lac Saputing et la rivière Gifford d’une ligne de partage des glaces tout comme celle de courants glaciaires dans la
baie Bernier, le détroit de Fury and Hecla et le baie Whyte.

Introduction

In the summer of 2018, fieldwork was conducted on the
north coast of Fury and Hecla Strait on northwestern Baffin
Island, Nunavut (Figure 1).The objective of this project is
to reconstruct the glacial history of the study area and eval-
uate the mineral potential for gold, base metals and gem-
stones in this large underexplored territory. Till samples
were collected for geochemical and heavy mineral analyses

and ice-flow indicators were recorded. Landsat and SPOT
satellite imagery, aerial photographs, multibeam bathy-
metry and digital elevation models (DEM) will be used to
map the surficial geology. This fieldwork is following the
same methodologies used as part of previous surficial geol-
ogy surveys conducted on Melville Peninsula, southern
Baffin Island and Boothia Peninsula (Tremblay et al., 2014,
2016; Tremblay, 2017). Surficial sediments and geomor-
phological processes were documented and field observa-
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tions were combined with remote sensing image interpreta-
tion and previous mapping studies to reconstruct the ice-
flow history of the study area.

Regional setting

The study area is located on northwestern Baffin Island,
130 km northwest of the hamlet of Igloolik, and north of
Fury and Hecla Strait, Nunavut (Figures 1, 2). The regional
physiography includes lowlands below 50 m asl along Fury
and Hecla Strait, which progressively increase in elevation
to the north reaching 603 m asl at a series of hills in the cen-
tral portion of the study area (Figure 3). Toward the north,
the land forms a plateau with elevations averaging 300–
500 m asl. Alower plateau (200–300 m asl) stretches across
the study area and is dissected by the Gifford River valley
and the Saputing Lake valley (Saputing Lake–Gifford
River plateau). The lower plains on the southwestern and
northeastern part of the peninsula are generally below
100 m asl. In Fury and Hecla Strait, water depth is 100 to
400 m.

The bedrock of the study area consists of basement lithol-
ogies of the Archean and Paleoproterozoic Rae Province
(mostly felsic orthogneiss, mafic-ultramafic intrusive com-
plex and felsic intrusive bodies) unconformably overlain
by the Mesoproterozoic rocks of the Fury and Hecla Group

(quartzitic sandstone, sandstone, mudstone, carbonate and
volcanic rocks). Neoproterozoic dykes and sills of gabbro
intrude older Precambrian rocks. Paleozoic carbonate
rocks and sandstone overlie basement rocks on Crown
Prince Frederik Island and in the northwestern and north-
eastern sector of the study area (Figure 2; Trettin, 1969;
Blackadar, 1970; Chandler, 1980; de Kemp and Scott,
1998; Steenkamp et al., 2018; Zhang, 2018).

Previous work

Pioneer work from the early to mid 20th century provided
the first descriptions of the regional physical geography of
the study area (Bernier, 1911; Tremblay, 1921; Bird, 1967).
Glacial history and postglacial marine history of the area
between Bernier Bay and Fury and Hecla Strait is described
in Hooper (1996), whereas ice-flow directions (including
striae) and till composition (grain-size analysis, petrogra-
phic counts, geochemistry and heavy mineral content) are
detailed in Dredge et al. (1998), Hooper and Dyke (2000a),
Dyke and Hooper (2001) and Utting et al. (2008). Surficial
geology mapping was completed for NTS map areas 47E
and F at a scale of 1:250 000 (Hooper and Dyke, 2000b;
Dyke, 2004). More recently, De Angelis (2007a, b) and
Margold et al. (2015) used satellite imagery to map the
macroforms, the general glaciodynamic settings (some
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Figure 1: Location of study area on northwestern Baffin Island, Nunavut. Digital elevation model and bathymetry from GEBCO (British
Oceanographic Data Centre, 2014).
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cold-based zones) and the ice streams in the northwestern
Canadian Shield. The Steensby Inlet ice stream (100 km to
the east) is the subject of detailed analysis and discussion
by Dyke (2007).

Previous work described important geomorphological fea-
tures (moraines) in detail and provided radiocarbon dating
on shells to document the ice retreat and the chronology of
the last deglaciation in the region (Hooper, 1996; Dyke and
Hooper, 2001; Dyke et al., 2003; McNeely and Brennan,
2005). Field evidence of ice streams is recognized over
northern Melville Peninsula, and in Fury and Hecla Strait,
Bernier Bay and Steensby Inlet (Dyke, 1984; Hooper,
1996; Dredge, 2000b; Dyke et al., 2003; Dyke, 2008;
Tremblay and Paulen, 2012).

Methods

In July and August 2018, helicopter-supported (Bell Heli-
copter Textron 206 LR) fieldwork was conducted during
seven days in the Fury and Hecla Strait area. Numerous
geomorphological elements were documented from air and
ground observations (Figure 3), striations were measured
at 15 sites and till was sampled at 41 sites and submitted for
sedimentological, geochemical and heavy minerals analy-
ses. Visual till lithology counts were conducted in the field
on the >2 cm size-fraction at sites visited during fieldwork
(Figure 2).

Results and discussion

Glacial geomorphology

A map of the regional glacial geomorphology of the study
area is presented in Figure 3. Landforms were interpreted
and generalized from previous surficial geology maps and
datasets (see ‘Previous work’ section), and airphotos. New
field observations, petrographic analysis and interpreta-
tions from satellite imagery (SPOT 6), geocoded field pho-
tographs, DEMs (ArcticDEM [Porter et al., 2018], Cana-
dian digital elevation model [CDEM; Natural Resources
Canada, 2016], high-resolution digital elevation model
[HRDEM; Natural Resources Canada, 2018]) and high-
definition multibeam data from the Canadian Coast Guard
Ship Amundsen (Ocean Mapping Group, 2015) were also
added to the map.

Figure 3 shows geomorphological features indicative of
ice-flow dynamics (macroforms and striations), ice-retreat
patterns (eskers) and ice-front positions (ice-marginal mo-
raines, ice-marginal channels). The general contours of
proglacial lakes and locations of the glaciolacustrine drain-
age channels (Figure 3) were added from existing maps and
complemented with satellite imagery interpretation. The
presence of geomorphological (shoreline and deltaic) fea-
tures and thin glaciolacustrine (silt) sediments covering
glacial (till) and deglacial deposits guided the delineation

of the former water planes (lake surfaces). These features
provide insights into the configuration (orientation) of the
retreating ice-margin as it dammed the proglacial lakes in
confined topographic lows (valleys).

Among the macroforms mapped, some are the result of
direct bedrock erosion by the ice (Figure 4a upper left, b),
whereas others are the result of the ice streamlining forms
in the till (drumlinoids and megaflutings; Figure 4a lower
right) or a mixture of till and bedrock (crag-and-tail
features).

The till plumes (carbonate or noncarbonate till) are linear
glacial landforms (macroforms) likely of subglacial origin
and can be >10 km in length. They have been formed by
glacial transport of a till over a till of a different composi-
tion. Because of their significant size, they are commonly
best observed from satellite images. On the ground, they
commonly appear as patches of a thicker or finer-grained
till and contrast visually with the surrounding boulder
fields and till areas. These linear forms do not correspond to
the usual definition of drumlins or megaflutings as they are
not always elevated relative to their surroundings. In gen-
eral, till plumes can be considered as mostly two-dimen-
sional (2-D) landforms (Tremblay et al., 2016; Tremblay,
2017) compared to three-dimensional (3-D) landforms,
such as drumlins. By looking at a combination of satellite
images and the HRDEM, it was possible to very effectively
distinguish the more subtle 2-D macroforms from those
with a more significant topographic expression (3-D). The
glacial lineations are subdivided into those formed in
mostly carbonate till versus those formed in mostly noncar-
bonate till (typical shield till; Figure 3; Tremblay et al.,
2016; Tremblay, 2017). Carbonate till plumes are com-
monly observed on Boothia and Melville peninsulas
(Dyke, 1984; Dredge, 2000b; Tremblay et al., 2016;
Tremblay, 2017).

Linear glacial erosion corridors are mapped along their
central axis and indicate where ice eroded the bedrock, and
frequently the pre-existing plateaus, into a linear trough.
These features clearly show the action and direction of lo-
cal erosive ice flow during the last glaciation and at several
times during the Quaternary period.

Glaciodynamic zones

The mapping of glaciodynamic zones aims at characteriz-
ing the amount of glacial activity (degree of erosion and
transport) that took place during the Quaternary period in a
specific area (Figure 3). The mapping system used here is
similar to the one employed in previous CNGO projects
(Tremblay and Paulen, 2012; Tremblay et al., 2014;
Tremblay, 2017, 2018), and includes concepts developed in
the central Canadian Arctic (Dyke, 1993), on Melville Pen-
insula (Dredge, 2000a) and on Baffin Island (Sugden,
1978; Dyke, 1982).
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Figure 4: Photographs of geomorphological features, northwestern Baffin Island, Nunavut. Glaciodynamic
setting is indicated, sometimes with a transitional component indicated in brackets, e.g., warm-based zone (in-
termediate cold-based zone) refers to a warm-based zone located close to an intermediate cold-based zone
and sharing some of the characteristics. a) Linear glacial erosion corridor in Mesoproterozoic sedimentary
rocks, and black line indicating drumlins (warm-based zone). b) An ice-moulded bedrock form in Archean gra-
nitic rocks (warm-based zone). c) Roches moutonnées on gabbro dyke; ice was moving from bottom left to top
right (warm-based zone [intermediate cold-based zone]). d) Large well-formed polygons in a blanket of a till-
regolith mixture (warm-based zone [intermediate cold-based zone]). e) Felsenmeer-regolith and till-regolith
mixture, with very rare striations on quartzitic sandstone bedrock where geologist is looking (intermediate
cold-based zone [cold-based zone]). f) Regolith and some regolith-till mixture over Mesoproterozoic rocks
(cold-based zone). g) Regolith and regolith-till mixture over Archean felsic and mafic intrusive rocks (cold-
based zone). h) Regolith bedrock exposed in glaciofluvial channel, and regolith and regolith-till mixture in the
background, all underlain by Archean felsic granitic gneiss rocks (cold-based zone).



Glaciodynamic zones are delineated primarily from field
observations, airphotos, satellite imagery and DEM inter-
pretations. This glaciodynamic study will be comple-
mented with cosmogenic nuclides and mineralogical data
analyses. Results from similar studies on Hall Peninsula
(Leblanc-Dumas et al., 2015; Ross et al., 2015; Tremblay,
2018) supported the distinction between the till typically
observed in glacially eroded terrain and the mix of till and
regolith characteristic of a less glacially eroded terrain.

Glaciodynamic zone designations sometimes have a transi-
tional component indicated in brackets. An example would
be a warm-based zone (intermediate cold-based zone),
which refers to a warm-based zone (WB) located close to
an intermediate cold-based zone (CB) and sharing some of
the characteristics.

Cold-based zone

Cold-based zones correspond to areas where signs of gla-
cial erosion (e.g., striae, macroforms, glacially eroded out-
crops, etc.) are virtually absent from the landscape (Fig-
ure 3). These zones are characterized by the absence or the
scarcity of small lakes and by an increased proportion of
dendritic river systems versus deranged river systems. The
surface sediments date or predate the last interglacial pe-
riod and are usually composed of regolith (i.e., in situ boul-
dery diamictic material; Figure 4f, g), which may have been
minimally transported by ice. Outcrops are moderately to
extensively weathered, often exhibiting millimetre- to
centimetre-scale differential weathering of minerals and/or
lithologies.

In the study area, cold-based zones are mostly located on
the plateau north of Fury and Hecla Strait, up-ice of the
highest hills, and suggest a strong topographic control. A
few large, rounded bedrock hills (inselbergs) protrude from
the otherwise flat plateau (peneplain), similarly to those de-
scribed on Boothia Peninsula (Tremblay, 2017). This in an
area where the bedrock morphology and structure are not
commonly reflected in the overall cold-based terrain to-
pography. This topography is primarily linked to nongla-
cial erosion processes that were also responsible for the ini-
tial presence of abundant regolith, as opposed to the typical
glacial landscapes described in the ‘Warm-based zone’sec-
tion below. In many places, ice-marginal parallel channels
are observed in association with subaerial or marginal melt-
water sediments and landforms (Figure 4h). Some of the
observed meltwater channels are deeply incised into the
cold-based landscape and sometimes consist of ice-mar-
ginal features or glacial lake connections that likely formed
over multiple glaciation-deglaciation cycles.

Intermediate cold-based zone

The intermediate cold-based zone (IB) represents a transi-
tion zone where at least one or more of the criteria for a
cold-based glaciation are not fulfilled. Starting from its

contact with the cold-based zone, the intermediate cold-
based zone is an area where signs of glacial erosion gradu-
ally appear in the landscape as more lakes, bedrock out-
crops devoid of regolith, macroforms and ultimately
streamlined outcrops can be observed. Near the border of
IB-CB, striae are rare and, if present, can be found typically
on the more prominent outcrops composed of weathering-
resistant lithologies, such as quartzitic sandstone (Fig-
ure 4e) and gabbro dykes. The greater abundance of stria-
tions toward the IB-WB border corresponds with a similar
increase in the number of poorly to well-defined roches
moutonnées (Figure 4c). Meltwater channels are relatively
abundant in places. Figure 5 shows a typical geomorpholo-
gical transition across different glaciodynamic zones over
Archean granitic rocks and Mesoproterozoic sedimentary
rocks.

Glacial erratics, particularly carbonate rocks, were ob-
served sparsely distributed on the eastern intermediate
cold-based (cold-based) plateaus. Some of this material
may have been transported englacially from the Paleozoic
rock outcrops to the east. The degree of glacial erosion as-
sociated with the dispersion of these erratics is very re-
stricted and suggests transport during the last glaciation
and possibly during preceding glaciations as well.

Warm-based zone

From the IB-WB contact inward, the warm-based zone
landscapes are characterized by a variable boulder cover
and display increasing signs of glacial erosion, such as
streamlined outcrops and bedrock hills (Figure 4a, c), lin-
ear glacial erosion corridors (Figure 4a) and macroforms
(drumlins, flutings, ice-moulded bedrock forms; Figure 4a,
b). Striae are abundant on outcrops that are relatively resis-
tant to permafrost action and weathering whereas they are
typically absent from mudstone and carbonate rock out-
crops. Till is variably abundant, with medium to long gla-
cial transport distances indicated. Large puzzle-like poly-
gons in thick till cover were observed on top of a few hills
located between Whyte Inlet and Sikosak Bay (Figure 4d).

Ice-flow chronology

A synthesis of the ice-flow chronology based on striations,
macroforms (Figure 3) and glacial dispersion evidence (see
‘Glacial dispersal studies’ section) is presented for the
study area (Figure 6). During the last glaciation, a local ice
divide persisted on the Saputing Lake–Gifford River pla-
teau (Gifford-Saputing ice divide). The main regional ice
flow was influenced by the presence of ice streams flowing
toward the Gulf of Boothia, in Bernier Bay (Bernier Bay ice
stream) and in Fury and Hecla Strait (Fury and Hecla Strait
ice stream). Abundant elongated streamlined glacial land-
forms present on the seafloor of the Gulf of Boothia, Fury
and Hecla Strait and Bernier Bay, as revealed by multibeam
imaging (Ocean Mapping Group, 2015), and on Melville
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Figure 5: Detailed geomorphology of Archean granite and gneiss and Mesoproterozoic sedimentary rocks in different glaciodynamic
zones, northwestern Baffin Island, Nunavut. Location is indicated in Figures 2 and 3. a) Bedrock geology from de Kemp and Scott (1998)
and SPOT 6 images; SPOT 6 images (© Airbus DS/SPOT Image [2016]; Airbus Defence and Space, 2016) in false colours, with resolution
of 1.5 m for panchromatic and 6 m for multispectral (infrared 0.76–0.89 µm; infrared composite pan-sharpened). b) Glacial geomorphology
and glaciodynamic zones. Digital elevation model from the 0.5 m horizontal resolution, high-resolution digital elevation model (HRDEM;
Natural Resources Canada, 2018), developed from the ArcticDEM (Porter et al., 2018) and Canadian digital elevation model (CDEM; Natu-
ral Resources Canada, 2016).



Summary of Activities 2018 115

F
ig

u
r
e

6
:

Ic
e

-f
lo

w
lin

e
s

a
n

d
ic

e
-m

a
rg

in
re

tr
e

a
t
lin

e
s

w
it
h

g
la

c
ia

lg
e

o
m

o
rp

h
o

lo
g

y
(i

n
g

re
y

a
n

d
o

ra
n

g
e

,
s
e

e
F

ig
u

re
3

fo
r

le
g

e
n

d
),

n
o

rt
h

w
e

s
te

rn
B

a
ff

in
Is

la
n

d
,
N

u
n

a
v
u

t.
D

ig
it
a

le
le

v
a

ti
o

n
m

o
d

e
l

fr
o

m
th

e
0

.5
m

h
o

ri
z
o

n
ta

lr
e

s
o

lu
ti
o

n
,
h

ig
h

-r
e

s
o

lu
ti
o

n
d

ig
it
a

le
le

v
a

ti
o

n
m

o
d

e
l(

H
R

D
E

M
;
N

a
tu

ra
lR

e
s
o

u
rc

e
s

C
a

n
a

d
a

,
2

0
1

8
),

d
e

v
e

lo
p

e
d

fr
o

m
th

e
A

rc
ti
c
D

E
M

(P
o

rt
e

r
e

t
a

l.
,
2

0
1

8
)
a

n
d

C
a

n
a

d
ia

n
d

ig
it
a

l
e

le
v
a

ti
o

n
m

o
d

e
l
(C

D
E

M
;

N
a

tu
ra

l
R

e
s
o

u
rc

e
s

C
a

n
a

d
a

,
2

0
1

6
).



Peninsula and north of Steensby Inlet, from terrestrial evi-
dence, are interpreted as evidence of ice streams. Evidence
of a minor southward-flowing ice stream was also observed
to the south in the Whyte Inlet area.

Subsequent ice-flow deflection linked with restrained
flows existed in Foxe Basin (to the southeast of the study
area) and Fury and Hecla Strait, the most prominent being a
southeastward ice flow toward Steensby Inlet (Steensby In-
let ice stream), which was probably active for only a few
centuries around 7 cal. ka (Dyke, 2008). Noticeable deflec-
tions in the ice-retreat configuration occurred toward the
Bernier Bay moraine and the Autridge Bay moraine, as well
as in a few localities north of Fury and Hecla Strait. The ori-
entation of the ice margin during ice retreat, as indicated by
the configuration of eskers, moraines, marginal channels
and proglacial lakes (Figure 6), was probably associated to
sluggish, cold-based ice flow during deglaciation, with lo-
calized warm-based ice active only near the glacier front,
accounting for the deposition of most of the moraines (e.g.,
Gifford moraine) and eskers (Dyke and Hooper, 2001).
This is in contrast to the Autridge Bay moraine, which was
deposited by fully warm-based ice that dammed lateral
glacial lakes during ice retreat.

Deglaciation of the Gulf of Boothia took place between
9.7 cal. ka (9.0 cal. ka in study area) and 6.4 cal. ka (Dyke et
al., 2003). Several shell samples (radiocarbon dating),
sandy-cobbly sediments (infrared stimulated luminescence
[IRSL] dating) and bedrock samples and boulders (surface
exposure dating) were collected to refine the deglacial
chronology in the study area.

Glacial dispersal studies

The till petrographic compositions shown in Figure 2 rep-
resent this study’s ground estimations of clasts >2 cm,
counts from the 2 to 5.6 mm size-fraction by Hooper (1966)
and his original field notes on airphotos, and occurrence of
carbonate cobbles and boulders at surface reported by
Utting et al. (2008), who included the field observations of
De Beers Canada Exploration Inc. and A. Dyke (Geologi-
cal Survey of Canada). These results and observations pro-
vide essential information about the regional glacial trans-
port processes and ice-flow history although data presented
in Figure 2 represent results from different size-fractions of
till.

Figure 7a, b and c shows some examples of the variety of
rock types found in the study area: Rae Province granite
and gneiss (granitic gneiss, granite, red granite, mafic-
ultramafic intrusive rocks), Mesoproterozoic rocks (red,
pink grey or white sandstone, muddy sandstone, carbonate
rocks, siltstone, black volcanic rocks), gabbro dykes and
sills (gabbro, diabase) and Paleozoic rocks (dolostone,
limestone, sandstone).

The presence of scattered Paleozoic carbonate clasts found
near Gifford River and Gifford moraine indicates a west-
ward transport in a somewhat cold-based area, and there-
fore suggests that these erratics were transported here dur-
ing the early phase of the main ice flow. The existence of a
perennial ice divide over the Saputing Lake–Gifford River
plateau is indicated by the absence of Paleozoic carbonate
rocks and Mesoproterozoic rocks in the regional till. This
suggests that the ice never flowed across the cold-based
plateaus during the last glaciation, nor arguably during sev-
eral pre-Wisconsinan glaciations. Paleozoic carbonate
rocks found on the northern coast of Fury and Hecla Strait
in the Sikosak Bay area were likely transported by
northwestward ice flow from the Fury and Hecla Strait
area. West of Saputing Lake, the 10–40% Paleozoic car-
bonate rock content of the regional till is interpreted to re-
sult from southwestward transport from Paleozoic carbon-
ate rocks outcrops over an Archean rock arch.

The main ice flow is also responsible for the westward
transport of Archean rocks (5–15% in till) by the Bernier
Bay ice stream in the northwestern sector and across Fury
and Hecla Strait onto Crown Prince Frederick Island (5–
20% Archean rocks in till). On the CB zone located south of
the Saputing Lake–Gifford River plateau, the absence of
Archean rock clasts in the till covering the Mesoprotero-
zoic rocks suggest a short glacial transport. In adjacent
warm-based zones over Mesoproterozoic rocks, 10–50%
of Archean rock clasts in till are still observed after 10–
20 km of southward glacial transport. These glacial trans-
port distances compare broadly with those obtained on sim-
ilar glaciodynamic terrains on Melville Peninsula
(Tremblay and Paulen, 2012).

As reported by Hooper (1996), several volcanic rock and
shale erratics were found in the Bernier Bay region, but
their provenance remains unknown. However, a source for
the volcanic rocks and shale erratics within Fury and Hecla
Basin is excluded as the data do not indicate the presence of
a northward ice flow over the Saputing Lake–Gifford River
plateau. Hooper (1996) also reported carbonate clasts over
the Mesoproterozoic bedrock outcrops and sandstone
clasts over the Paleozoic outcrops near Bernier Bay mo-
raine. This study’s field observations suggest that in both
cases these occurrences are tied to local sources. Several
aspects of the glacial dispersal studies will be comple-
mented with future analysis performed on the till samples
collected during summer fieldwork in 2018.

Summary

New fieldwork and remote sensing observations allowed
refinement of previous surficial geology ideas regarding
several aspects:
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• an ice-flow history was synthesized from fieldwork and
high-resolution digital elevation model (HRDEM;
ArcticDEM);

• glaciodynamic mapping shows important contrasts in
glacial erosion and transport;

• important moraines were observed (Bernier Bay,
Gifford and Autridge Bay);

• glacial linear erosion corridors were delineated;

• a synthesis of new and previously published petrogra-
phic counts highlights the main ice-flow phases in this
region, notably the presence of an ice divide over the
Saputing Lake–Gifford River plateau, and ice streams
in the Bernier Bay, Fury and Hecla Strait and Whyte In-
let areas; and
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Figure 7: Examples of rock types found in
the study area, northwestern Baffin Island,
Nunavut: a) carbonate erratics (from upper
left to lower right); Proterozoic beige-red,
Proterozoic red-brown, Proterozoic brown
(stromatolite), Proterozoic brown, Paleo-
zoic beige-yellow (with Late Ordovician
gastropod Maclurites sp. fossil; S. Zhang,
pers. comm., 2018); b) Proterozoic rocks:
black volcanic rocks (vr), black siltstone
(bsi), red muddy sandstone (rsst), red silt-
stone (rsi), white-grey sandstone (wgsst),
dark pink sandstone (dpsst), white-yellow
sandstone (wysst), pale pink sandstone
(ppsst), polymictic conglomerate (cgl), dark
grey sandstone (dgsst), quartz conglomer-
ate (qtz-cgl); c) Archean rocks: black ultra-
mafic intrusive, pale grey felsic intrusive,
grey hematitic banded iron formation.



• till samples were collected for evaluating mineral pros-
pectivity (geochemical and heavy minerals analyses).

Economic considerations

The results and interpretation of this surficial geological
mapping and sampling program can be used for mineral ex-
ploration, development of natural resources and infrastruc-
ture, and environmental geochemical studies. Understand-
ing ice-flow direction and important geomorphological
processes are critical steps in the interpretation of geo-
chemical and mineralogical data from surficial sediments.
During the 2018 field survey, a 21 cm subrounded bullet-
shaped glacial erratic from a hematite banded iron forma-
tion was found near the Asta Lake (Figures 2, 7c). The ice-
flow history suggests that this erratic was transported from
an eastern bedrock source but further investigation is
required to identify a potential source.

In the region, mineral exploration for uranium was con-
ducted by Noranda Exploration Company Ltd. and Dejour
Mines Limited from 1977 to 1981 (Cusveller, 1999;
NunavutGeoscience.ca, 2015) and exploration for dia-
monds by De Beers Canada Exploration Inc. in 2002 (Gov-
ernment of Nunavut, Indian and Northern Affairs Canada,
Nunavut Tunngavik Incorporated and Canada-Nunavut
Geoscience Office, 2002). The study area is known to host
uranium mineralization in the bedrock adjacent to the
northern contact between the Archean basement and the
rocks of the Fury and Hecla Group. The geochemical and
mineralogical data from till samples collected for this pro-
ject will provide additional baseline data to guide future
mineral exploration and for infrastructure studies (perma-
frost conditions, granular aggregate sources) in the region.
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Abstract

Silicified microbial mats of the upper Mesoproterozoic Angmaat Formation on northern Baffin Island preserve exceptional
microbial-mat fabrics and individual microfossils. A range of microbial morphologies is preserved in these samples, from
well-preserved pristine microfossils to poorly preserved or unidentifiable microfossils. This paper presents a taphonomic
assessment of microbial fabrics preserved within Angmaat Formation chert to determine their potential to preserve geo-
chemical biosignatures. Specifically, the results of two different petrographic assessments are presented. The first assess-
ment employed traditional point counting using a light microscope. The second used a digital-image mosaic of the thin sec-
tion. The criteria used to distinguish the taphonomic state of individual microfossils were the same for both assessments.

The results of the two methods are compared and the positive and negative features of these different methodologies are dis-
cussed. A traditional point-counting method performed using light microscopy was time consuming, and variation within
the thin section often prevented the collection of a large sample set in one sitting. The same point-counting method per-
formed using high-resolution digital-image mosaics of petrographic thin sections permitted more rapid assessment of
taphonomic state and allowed for the assessment of both meso-scale characterization of mat fabrics (i.e., the degree to
which the mat has been compacted) and micro-scale characterization of mat components (i.e., the taphonomic state of indi-
vidual microfossils). Traditional point counting was difficult to replicate and proved insufficient to obtain the required
microfossil count, whereas digital point counting provided greater ability to assess the taphonomic character of mat ele-
ments. Both point-counting techniques, however, were unable to accurately describe the meso-scale complexity of the
preserved microbial mats.

Résumé

Des mattes microbiennes silicifiées trouvées dans la partie supérieure de la Formation d’Angmaat au nord de l’île de Baffin
conservent des fabriques et des microfossiles individuels d’une qualité exceptionnelle. Une gamme de morphologies
microbiennes a été conservée dans ces échantillons, qu’il s’agisse de microfossiles ayant conservé leur état originel ou de
microfossiles non identifiables très mal conservés. Cet article présente une évaluation taphonomique des fabriques
microbiennes conservées dans le chert de la Formation d’Angmaat et cherche à établir à quel point elles sont susceptibles
d’avoir conservé des biosignatures géochimiques. Le rapport porte plus précisément sur les résultats provenant de deux
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évaluations pétrographiques différentes. La première évaluation a eu recours à une méthode traditionnelle de dénombre-
ment ponctuel au moyen d’un microscope classique. La seconde a été réalisée à l’aide d’une mosaïque d’images de la lame
mince. Les critères ayant servi à caractériser l’état taphonomique de microfossiles individuels sont les mêmes, peu importe
la méthode d’évaluation utilisée.

Le rapport fait état des résultats obtenus selon ces deux méthodes; ces derniers sont comparés et les aspects positifs et néga-
tifs de chacune des méthodes employées font l’objet d’une discussion. La méthode traditionnelle de dénombrement
ponctuel à l’aide d’un microscope classique s’est avérée coûteuse en temps et des variations au sein de la lame mince ont
entravé la collecte d’un ensemble d’échantillons suffisamment considérable à la fois. La même méthode de dénombrement
ponctuel, réalisée à l’aide d’une mosaïque d’images numériques à haute résolution des lames minces pétrographiques, a
permis de plus rapidement évaluer l’état taphonomique des microfossiles, tout en permettant d’évaluer les caractéristiques
des fabriques des mattes microbiennes à l’échelle moyenne (c.-à-d. le degré de compression auquel les mattes ont été
soumises) et les caractéristiques des éléments des mattes (c.-à-d. l’état taphonomique des microfossiles individuels). La
méthode traditionnelle de dénombrement ponctuel a été difficile à reproduire et, en ce qui a trait au dénombrement des
microfossiles, s’est révélée inégale à la tâche, tandis que la méthode de dénombrement ponctuel par voie numérique s’est
révélée plus fiable lorsqu’il s’est agi d’évaluer la nature taphonomique des éléments de la matte. Cependant, aucune des
deux méthodes en question est parvenue à décrire de façon précise la complexité des mattes microbiennes à l’échelle
moyenne.

Introduction

Proterozoic shallow-water carbonate strata commonly con-
tain early diagenetic chert deposits that show exceptional
preservation of microbial morphologies (Schopf, 1968,
1975; Hofmann, 1976; Nyberg and Schopf, 1984; Knoll,
1985). Coccoidal and filamentous microfossils in chert of
the Angmaat Formation, Bylot Supergroup have been doc-
umented by Hofmann and Jackson (1991), Kah and Knoll
(1996) and Knoll et al. (2013). Other studies have investi-
gated the geochemical setting (Kah et al., 1999; Kah, 2000;
Kah et al., 2001; Manning-Berg and Kah, 2017) and
sedimentological setting (Iannelli, 1992; Narbonne and
James, 1996; Kah, 1997; Sherman et al., 2001, 2002;
Sherlock et al., 2004; Turner, 2004, 2009, 2011; Turner and
Kamber, 2012; Hahn et al., 2015) of carbonate strata of the
Bylot Supergroup. Distinctive microfabrics and microbial
assemblages in the Angmaat Formation carbonate have
been previously described (Hofmann and Jackson, 1991;
Kah and Knoll, 1996; Knoll et al., 2013) and correlated
with environments of deposition (Kah and Knoll, 1996;
Knoll et al., 2013). Mat-building and mat-dwelling
microfossil assemblages within the Angmaat Formation in-
clude coccoidal cyanobacteria and filamentous cyanobac-
teria. Coccoidal mats are commonly associated with shal-
low seawater precipitates, whereas filamentous cyanobac-
teria are associated with tufted and laminated mats (Knoll et
al., 2013). Although a range of microbial morphologies is
preserved in silicified deposits of the Angmaat Formation
(Knoll et al., 2013), a taphonomic assessment has not been
performed on these samples. In order to describe the
taphonomic range of preserved microfossils, two distinct
methods of taphonomic analysis and assessment are ex-
plored in this paper.

Geological background

Bylot Supergroup

The Bylot Supergroup is exposed within the fault-bounded
Borden Basin of northern Baffin and Bylot islands, and
contains approximately 6000 m of unmetamorphosed sedi-
mentary rock (Jackson and Iannelli, 1981; Kah, 1997; Kah
et al., 1999; Turner, 2009). Three stratigraphic groups, the
Eqalulik Group, the Uluksan Group and the Nunatsiaq
Group (Figure 1), record overall basin development. Initial
rifting of the basin is recorded by tholeiitic-basalt flows and
sandstone of the Nauyat Formation that overlie Archean
basement (Jackson and Iannelli, 1981). Basalt of the
Nauyat Formation is putatively associated with the Mac-
kenzie large igneous province, based on paleomagnetic
correlation (Fahrig et al., 1981; LeCheminant and Heaman,
1989), and constrains the Bylot Supergroup to an age youn-
ger than 1270 ±4 Ma (LeCheminant and Heaman, 1989).
Fluvial to shallow-marine sandstone of the Adams Sound
Formation overlies the Nauyat Formation and indicates the
onset of shallow-marine deposition (Jackson and Iannelli
1981). Deposition of the Arctic Bay Formation shale strati-
graphically above the Adams Sound Formation has been
interpreted as marine (Turner and Kamber, 2012), restric-
ted marine (Gibson et al., 2018) and lacustrine (Hahn et al.,
2015).

Shallow-marine carbonate deposition characterizes the
Uluksan Group in the southeastern portion of the basin,
where the Angmaat Formation is represented by chert-rich,
peritidal carbonate deposits that replace evaporite-rich and
terrigenous deposits of the underlying Iqqittuq Formation.
In the western portion of the basin, the Nanisivik Formation
consists of a thinly bedded, laminated carbonate (Turner,
2009). The upper Uluksan Group, stratigraphically overly-

122 Canada-Nunavut Geoscience Office



Summary of Activities 2018 123

F
ig

u
r
e

1
.
A

)
L

o
c
a

ti
o

n
o

f
th

e
s
tu

d
y

a
re

a
n

e
a

r
W

h
it
e

B
a

y
o

n
n

o
rt

h
e

rn
B

a
ff

in
Is

la
n

d
is

h
ig

h
lig

h
te

d
b

y
th

e
d

a
s
h

e
d

re
d

o
u

tl
in

e
.
B

)
G

e
o

lo
g

y
o

f
th

e
s
tu

d
y

a
re

a
(m

o
d

if
ie

d
fr

o
m

K
a

h
e

t
a

l.
,
1

9
9

9
);

b
la

c
k

s
q

u
a

re
s

a
re

th
e

lo
c
a

lit
ie

s
w

h
e

re
s
a

m
p

le
s

w
e

re
c
o

lle
c
te

d
d

u
ri

n
g

th
e

2
0

1
7

tr
ip

to
B

a
ff

in
Is

la
n

d
.
C

)
S

tr
a

ti
g

ra
p

h
ic

c
o

lu
m

n
o

f
th

e
B

y
lo

t
S

u
p

e
rg

ro
u

p
(m

o
d

if
ie

d
fr

o
m

G
ib

s
o

n
e

t
a

l.
,
2

0
1

8
).

L
e

g
e

n
d

is
fo

r
p
a

rt
(B

).
A

b
b

re
v
ia

ti
o

n
s
:

E
Q

A
.,

E
q

a
lu

ik
G

ro
u

p
;

N
U

N
.,

N
u

n
a

ts
ia

q
G

ro
u

p
.



ing the Angmaat and Nanisivik formations, is represented
by storm-dominated carbonate-ramp (Sherman et al.,
2001) and offshore-reef (Narbonne and James, 1996) de-
posits of the Victor Bay Formation. These deposits record
evidence of tectonic reactivation of the Borden Basin
(Sherman et al., 2002), leading to thick, lithologically
variable sandstone and carbonate deposits of the Nunatsiaq
Group.

Gibson et al. (2018) dated shale of the Arctic Bay Forma-
tion (upper Eqalulik Group) and the lower Victor Bay For-
mation (upper Uluksan Group) at 1.048 ±0.012 Ga and
1.046 ±0.016 Ga, respectively, which constrains the age of
the Uluksan Group carbonate strata to the latest Mesopro-
terozoic Era. Dykes that crosscut the entire Bylot Super-
group have been dated at ca. 723 Ma and are related to the
Franklin igneous event (Pehrsson and Buchan, 1999), which
suggests that deposition of upper Bylot Supergroup strata
ended sometime before this.

Angmaat Formation chert

The Angmaat Formation consists of peritidal microbial car-
bonate and precipitate-dominated carbonate strata that are
separated from the main basin by an oolitic shoal (Kah,
1997; Turner, 2009). Periodic subaerial exposure of the
oolitic shoal resulted in restriction and evaporation of asso-
ciated nearshore environments (Kah, 1997). These deposits
are dominated by microbial dolostones, sea-floor precipi-
tates (Kah and Knoll, 1996; Kah et al., 2001) and abundant
early diagenetic chert (Knoll et al., 2013; Manning-Berg
and Kah, 2017). Deposits of black chert occur as centi-
metre-scale irregular lenses and nodules and as semicon-
tinuous beds up to 10 cm in thickness. Chert occurs through-
out the formation and preserves the morphology of primary
sedimentary textures, including both microbial laminae
and primary mineral deposits, such as aragonitic sea-floor
cements (Figure 2B; Jackson and Iannelli, 1981; Kah and
Knoll, 1996; Manning-Berg and Kah, 2017). These chert
deposits are interpreted to have formed during early
diagenesis, based on ubiquitous microfossil preservation
(Hofmann and Jackson, 1991; Kah and Knoll, 1996; Knoll
et al., 2013). By contrast, yellow to grey chert occurs as
concentrically laminated nodules that crosscut bedding;
yellow and grey chert has not been reported to preserve
microfossils.

Microbial-mat communities of the Angmaat chert are pre-
served across a range of peritidal environments: subaque-
ous subtidal environments and lower intertidal environ-
ments are dominated by filamentous communities and
more commonly exposed intertidal to supratidal environ-
ments record more abundant coccoidal communities and
low-diversity filamentous communities (Kah and Knoll
1996; Knoll et al., 2013). Filamentous communities are
characterized by the ubiquitous presence of microbial
sheaths that show a variety of populations. Smaller sheaths

(6–12 µm) are interpreted as representative of Lyngbya- or
Phormidium-type cyanobacteria and classified as Siphono-

phycus sp. (Hofmann and Jackson, 1991; Kah and Knoll,
1996; Kah et al., 1999). Larger sheaths (20–50 µm) are
classified as belonging to Eomicrocoleus sp. (cf. Horo-
dyski and Donaldson, 1980) and interpreted to be analo-
gous to the extant cyanobacterium Microcoleus chthono-

plastes (Knoll et al., 2013). The dominant populations of
coccoidal organisms include a Gloeocapsid-like cyanobac-
terium assigned to Eogloeocapsa sp., which consists of mul-
tiple coccoids floating within a single external envelope; and
simple, undefined coccoidal populations assigned to
Myxococcoides sp. (Knoll et al., 2013). Populations of
Eoentophysalis sp., Gloeodiniopsis sp. and Polybessurus

sp. are also preserved in these microbial mats (Knoll et al.,
2013). The eukaryotic red alga Bangiomorpha pubescens

(Butterfield, 2000) also occurs in several samples (Knoll et
al., 2013).

Methods

Sample collection

The samples used in this research were collected during
multiple field seasons. The first set of samples was col-
lected during the field seasons of 1993 and 1994. Tapho-
nomic analyses were performed on these samples, followed
by the geochemical analysis of preserved organic matter.
Initial material was found to be insufficient in mass for geo-
chemical analyses, so additional samples were collected in
2017. Both sample sets were collected from carbonate
strata exposed between White Bay and Tay Sound (Fig-
ure 1).

Taphonomic assessment

Descriptive categories for taphonomic schemes are based
on systematic observations of material: categories are de-
termined so as to ensure that data are reproducible, despite
their inherent qualitative nature (Behrensmeyer, 1978;
Bartley, 1996). The classification scheme created to assess
the microfossils in the Angmaat Formation is modified
from a microbial grading scale developed by Bartley
(1996), which was created to describe changes to modern
cyanobacteria during actualistic taphonomy experiments.
To sufficiently describe the preserved microbial mats of the
Angmaat Formation samples, taphonomic grading
schemes were applied at both the meso scale, which charac-
terizes taphonomy on the scale of a thin section and repre-
sents the overall preservation of the microbial mat, and the
micro scale, which classifies the taphonomy of individual
microfossils.

Prominent taphonomic changes at the meso scale involve a
loss of structure that results from compaction of the micro-
bial mat. Meso-scale fabrics were classified as ‘good’,
‘fair’ or ‘poor’, based on visual inspection of the thin sec-
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tions (Figure 3). Thin sections classified as ‘good’ con-
tained individual microfossils that were readily visible with
only quick visual inspection. These samples also com-
monly contained irregularities in lamina thickness that are
attributed to differential growth within the microbial mat,
and frequently contained chalcedony-lined voids that rep-
resent primary constructional voids (cf. Knoll et al., 2013)
within the microbial mat. By contrast, most of the
microfossils observed in meso-scale fabrics defined as
‘fair’ were concentrated in specific laminae. ‘Fair’ fabrics
commonly contained variously pigmented laminae, repre-
senting differential compaction and organic content. With
compaction, laminae were generally smooth. Finally,
meso-scale fabrics defined as ‘poor’were typified by an ab-
sence of rapidly identifiable microfossils, highly com-
pacted laminae and homogenization of organic matter.
Such samples were often so strongly pigmented that they
appeared nearly opaque in thin section, and fabrics were
referred to as ‘unrecognizable’.

For individual microfossils, taphonomic grading describes
both filamentous sheaths and coccoidal microfossils.

Microfossils that exhibited pristine sheath preservation
with no compaction were given a taphonomic grade of
‘good’. Filamentous sheaths classified as ‘good’ had mor-
phologies that did not show evidence of tearing, bulging or
compaction. Coccoidal microfossils classified as ‘good’
commonly preserved an outer sheath, with a rounded cell
wall preserved within the sheath (Figure 4). A grade of
‘fair’ was given to microfossils that showed initial signs of
compaction or preferential loss of pigmentation. Com-
monly, these fossils had collapsed or folded sheaths that in-
cluded tearing or bulging. In coccoidal organisms, a grade
of ‘fair’ was also indicated by collapse of the cell wall in-
side the outer sheath (Figure 4). Finally, a grade of ‘poor’
was given to microfossils that had been heavily distorted by
compaction or had lost the morphology of the sheath, and to
fossils in which the organic matter was homogenized and
unrecognizable. Although it is possible to identify a broader
range of taphonomic variation, this three-category grading
scheme allows an entire sample to be characterized and can
be visualized on a ternary diagram (Kowalewski et al.,
1995).
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Figure 2. Black chert deposits occur throughout the Angmaat Formation within carbonate facies. These deposits tend to follow primary
sedimentary textures and bedding as continuous chert beds (A, B) and chert lenses (C) or nodules (D).



Taphonomic methods

Taphonomic assessment of microfossiliferous chert was
undertaken using traditional microscopy and the analysis
of image mosaics. When using standard microscopy, tradi-
tional point-counting techniques were used to score indi-
vidual microfossils. Thin sections were moved on the mi-
croscope stage in 2 mm increments from right to left and
from top to bottom of the thin section. At each step,
microfossils observed under the ocular crosshairs were
scored as ‘good’, ‘fair’ or ‘poor’, and added to the overall
count. The goal was to count and classify 600 microfossils
for each thin section.

To address the difficulties experienced during traditional
point counting, a method of taphonomic assessment was
developed that used image mosaics. Image mosaics were
taken on a Leica DFC400™ camera attached to a Leica
DM6000B™ microscope in the Astrobiogeochemistry
Laboratory (abcLab) at NASA’s Jet Propulsion Laboratory.
For each thin section, 3000–4000 individual images were
taken using a 20× objective. Prior to image acquisition, the
borders of each thin section were delineated in the software
and predictive focus points were set up across the thin sec-
tion. White balance was set using a frosted glass slide. Im-
age acquisition was performed by Leica Acquisition Soft-
ware™ and images were stitched using the same software.
An example of one of these image mosaics has been up-
loaded to the GigaPan website for public viewing (Ang-
maat Formation microbial mat mosaic; Williford, 2015).
Such mosaics allow the user to view a thin section from a
mesoscopic view (e.g., the entire thin section), which al-
lows for visualization of the relative amounts of silica and
carbonate phases, the colour and opacity of mat compo-
nents, and the identification of general lamina structure and
constructional voids. The same mosaic also allows users to
rapidly zoom to specific regions to identify whether lam-
inae characteristics reflect a fundamental difference in the
composition or preservation of the mat components. For
this study, image mosaics were manipulated within Adobe
Photoshop™ to provide a reproducible method of tapho-
nomic evaluation.

Analyses using mosiacs

Once image mosaics were created, a 60 × 60 grid was over-
lain on the mosaic in Photoshop™. Microfossils were only
counted toward the assessment if they were located directly
beneath the intersection of two gridlines, which acted as a
proxy for ocular crosshairs. As with the assessment done
using light microscopy, the goal was to classify approxi-
mately 600 microfossils for each image.

Preliminary results

Results comparing the two point-counting methods on a
single sample are presented here. The results of this com-
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Figure 3. Meso-scale characterization of the microbial mats re-
flects variation of the mat fabrics, most of the variation being the
result of compaction. ‘Good’ mat fabrics (A) contained
microfossils that exhibited little compaction; sheaths in these
mats tended to be surrounded by a light tan, billowy texture. ‘Fair’
mat fabrics (B) showed compacted layers of microfossils, which
tended to be more brown to dark brown in colour. Mats with the
most compaction were dark brown to black and commonly
opaque, and were classified as ‘poor’ (C); individual microfossils
could be difficult to see in ‘poor’ mats.



parison are shown in Figure 5. A larger number of micro-
fossils could be counted on the mosaic (n = 400) compared
to the thin section (n = 300). In this analysis, 7% of the
microfossils counted and scored using the microscopy
method were classified as ‘good’, while 25% and 68% were
classified as ‘fair’ and ‘poor’, respectively. These percent-
ages were close to those obtained using a point-counting
method on an image mosaic of the same sample, in which
3% of the fossils were characterized as ‘good’, 28% were
classified as ‘fair’, and 69% were classified as ‘poor’.
These data indicate that the point-counting methods are re-
peatable and can be translated to image mosaics, although it
is postulated that such methods are insufficient to address
spatial variability within a preserved mat.

Discussion

Several deficiencies were identified using the traditional
point-counting method on the light microscope. First, this
method was time consuming and it was often difficult to ob-
tain the requisite 600 counts in one sitting. Identification of
a single microfossil under the ocular crosshairs often re-
quired adjustment of the focal plane, making it difficult to
maintain a uniform focal plane through the investigation.
Finally, it was unclear whether a traditional point-counting
method accurately produced a representative picture of the
overall mat fabric. Local variation within the microbial
mat, such as the spatial variability of mat constituents (e.g.,
regions of coccoids within a dominantly filamentous mat)

or variable preservation of different mat constituents, may
not be recognized with traditional point counting.

The creation of high-resolution digital images of petro-
graphic thin sections of Angmaat Formation chert samples
allowed for a taphonomic assessment to also be performed
digitally, and for a comparison of the two methods. These
images allow for meso-scale characterization of mat fabrics
(i.e., the degree to which the mat has been compacted) and
micro-scale details about the mats, such as the taphonomic
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Figure 4. Descriptions of the taphonomic grades used for the Angmaat Formation samples during this assessment and examples of ‘good’,
‘fair’ and ‘poor’ microfossils, as well as the homogenized material labelled as ‘unrecognizable’.

Figure 5. Ternary plot of the initial results from a taphonomic as-
sessment of a sample by point counting and classification of 300
microfossils using traditional thin-section microscopy (circle) and
400 microfossils using a digital grid overlaid on a mosaic of the thin
section (square). The results from both methods plot as ‘fair’, sug-
gesting that the mat has fair preservation of the microfossils.



state of individual microfossils. Mosaics allow for rapid as-
sessment of both meso- and micro-scale taphonomic varia-
tion of the microbial mats. Observed differences are used to
relate the preserved taphonomic range of individual
microfossils to the taphonomic range of mat fabrics. There
were, however, challenges associated with the use of image
mosaics for taphonomic assessment, including image size,
pixilation and blurry areas on the image resulting from
intuitive focus.

Each of the mosaic files is about 2 GB, making it difficult to
find image-processing software that would open the files.
Photoshop® and GIMP were the only programs that were
able to open the files without loss of resolution or without
first partitioning the images. Other difficulties were inher-
ent to the image, including pixilation upon increasing mag-
nification to see nano-scale features and areas on the mo-
saic that were out of focus when the Leica software created
the image. Counting and assessing microfossils on the mo-
saics did not fully address the deficiencies identified with
the point-counting method using a microscope. Counting
microfossils was faster with the mosaics, but it was still dif-
ficult to obtain the 600-microfossil count in one sitting be-
cause the overlain grid did not have enough intersection
points and there was no way to add intersection points to the
grid if the target of 600 microfossils had not been reached.
Since the mosaics are static, the entire analysis was done in
the same focal plane; thus, not all of the mosaic was per-
fectly in focus. As a result, identifying microfossils or ob-
serving the entire microfossil for ultra-structural changes
was difficult. When using a microscope, changing the focal
plane allows the user to move through the three-dimension-
ally preserved microfossil to see the morphology of the en-
tire fossil. Using a static image meant that microfossils could
not be observed in their entirety.

Neither point-counting method was able to accurately de-
scribe the variation within the microbial mats because they
are complex ecosystems in life, and that complexity is re-
tained during preservation of the silicified mats of the
Angmaat Formation. Preserved mat fabrics are created by
filamentous sheaths that are interwoven and range in size,
preservation potential and colour. Some of the filaments
were darkened and thus were much easier to see, whereas
much of the mat is composed of smaller, thin filamentous
sheaths that fade to transparent and cannot be counted. Fi-
nally, nanometre-scale black dots that occur clustered
around sheaths and organic matter stains are interpreted as
preserved heterotrophic organisms. These organisms are
also difficult to count. Although these challenges are inher-
ent to the microbial mats and not specific to the method
used to assess the taphonomy of the microfossils, they must
be overcome in order to best qualify the range of preserva-
tion observed in the Angmaat Formation microbial mats.

Economic considerations

The carbonate strata of the deeper water facies equivalent
to the Angmaat Formation in the northwestern Borden Ba-
sin, the Nanisivik Formation, contains Mississippi Valley–
type (MVT) mineral deposits (Clayton, 1982; Olson,
1984). These deposits have been dated to ca. 1.1 Ga
(Hnatyshin et al., 2016) and are found across the Borden
Basin (Turner, 2011), but they are constrained to brittle
faults, fractures or dykes (Olson, 1984). Carbonate strata of
the Angmaat Formation near White Bay do not contain
MVT deposits (Turner, 2011). The only mineral deposits
identified in the area are within the Iqqittuq Formation,
which is stratigraphically lower than the Angmaat Forma-
tion (Turner, 2011) and was not observed in any of the strata
studied or collected during this project. Although the re-
search completed so far has focused on organic rather than
inorganic geochemistry, petrography of the thin sections
showed no evidence of the Zn, Pb, Ag and Cu minerals that
are associated with MVT deposits.

Conclusions

A traditional point-counting method, using both light mi-
croscopy and image mosaics, was used to conduct a
taphonomic assessment of the microfossils preserved in the
silicified microbial mats of the Angmaat Formation. Both
methods produced similar results. For each category, the re-
sults were within 2–3% of each other. Use of image mosaics
can address some of the deficiencies identified when using
a microscope to perform the assessment, including a
shorter time investment, the ability to rapidly change scales
between the meso and micro, and a static image that allows
for the analysis to be performed on a uniform focal plane.
However, neither point-counting method was able to accu-
rately describe the variation within the microbial mats. The
results presented here were subsequently used to create a
taphonomic-assessment method that better describes the
spatial complexity within preserved microbial mats. This
new taphonomic-assessment method is applicable to other
microbial-mat studies involving description of taphonomic
variations within a microbial mat. This improved method is
described in the senior author`s dissertation (Manning-
Berg, 2018) and the results of that assessment are being
prepared for publication (A.R. Manning-Berg et al., work
in progress).
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Abstract

The central Baffin Island area, which is underlain by Paleoproterozoic supracrustal rocks of the Piling Group and Archean
basement rocks, has long been an area of interest for mineral exploration. In 1978, the Geological Survey of Canada con-
ducted a large regional geochemical survey of lake-bottom sediment to evaluate the mineral potential for various commodi-
ties. A total of 1774 lakes, throughout an area of nearly 26 000 km2, were sampled at a density of one sample site per 13 km2

in central Baffin Island (west and southwest of the Barnes Ice Cap; parts of NTS 27B, C, 37A, D).

Samples were originally analyzed by atomic absorption spectroscopy in 1978 and subsequently by instrumental neutron ac-
tivation analysis in 1998. This project involved the reanalysis of the archived sediment samples using an aqua-regia dissolu-
tion followed by inductively coupled plasma–mass spectrometry to generate geochemical data for a suite of 65 elements.
These new data will provide a more complete and up-to-date dataset to assist mineral exploration in the area.

Résumé

La zone centrale de l’île de Baffin, qui recouvre les roches supracrustales paléoprotérozoïques du groupe de Piling et les
roches du socle archéen, a longtemps été une zone d’intérêt en matière d’exploration minérale. En 1978, la Commission
géologique du Canada a réalisé un vaste levé géochimique régional des sédiments de fond lacustre afin d’évaluer le
potentiel minéral de divers produits minéraux. Au total, 1774 lacs, répartis sur près de 26 000 km2, ont été échantillonnés
selon une échelle d’un échantillon au 13 km2, correspondant à une région couverte en partie par les feuillets 27B, C, 37A et
D du SNRC (ouest et sud-ouest de la calotte glaciaire de Barnes).

Les échantillons ont été analysés pour la première fois en 1978 par spectrométrie d’absorption atomique et, plus récemment
en 1998, par activation neutronique instrumentale. La présente étude porte sur les résultats de nouvelles analyses
d’échantillons archivés pratiquées au moyen de la dissolution à l’eau régale et de la spectrométrie de masse avec plasma à
couplage inductif afin de produire des données géochimiques pour une série complète de 65 éléments. Ces nouvelles
données fourniront un ensemble de données plus complet et à jour susceptible de faciliter les activités d’exploration
minérale dans la région.

Introduction

The objective of this project is to generate new up-to-date
geochemical data on archived lake sediment samples to
promote mineral exploration over a large part of central
Baffin Island, Nunavut. The study area comprises parts of
four 1:250 000 scale NTS map areas (NTS 27B, C, 37A, D;
Figure 1), west and southwest of the Barnes Ice Cap.

The central Baffin Island area, which is underlain by Paleo-
proterozoic supracrustal rocks of the Piling Group and Ar-
chean basement rocks, has long been an area of interest for
mineral exploration. In the latter part of the 1970s, under
the terms of the Federal Uranium Reconnaissance Pro-
gram, the Geological Survey of Canada (GSC) carried out a
series of reconnaissance geochemical surveys of lake sedi-
ment and water across the Arctic region and other parts of
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Canada (Darnley et al., 1975) to evaluate the mineral poten-
tial for uranium and various other commodities (Coker et
al., 1981). In 1978, a central Baffin Island National Geo-
chemical Reconnaissance (NGR) survey (Figure 1;
Hornbrook and Lynch, 1979a–c) was completed with a to-
tal of 1774 sites sampled for lake sediments and water
(sample locations on Figure 2). The survey area covered
nearly 26 000 km2 and was sampled at a density of one sam-
ple site per 13 km2. An important section of the mineralized
rocks of the Piling Group underlies the study area (Govern-
ment of Nunavut, Indian and Northern Affairs Canada,
Nunavut Tunngavik Incorporated and Canada-Nunavut
Geoscience Office, 2002; St-Onge et al., 2007, Indigenous
and Northern Affairs Canada, Government of Nunavut,
Nunavut Tunngavik Incorporated and Canada-Nunavut
Geoscience Office, 2017).

Analytical techniques at the time generated values for 11 el-
ements plus loss-on-ignition in sediment samples, and ura-
nium, fluoride and pH in water samples. Anomalous levels,
particularly of arsenic, revealed by this study and in a pre-
liminary interpretation by Cameron (1986), sparked re-
newed interest in the area. In 1998, the Qikiqtaaluk Corpo-
ration, through the North Baffin Partnership Program,

provided funds to reanalyze lake sediments collected by the
GSC in 1978 (Friske et al., 1999). The instrumental neutron
activation analysis (INAA) of archived sediment samples
generated geochemical data for an additional 25 elements.
These data confirmed an extensive As anomaly and identi-
fied numerous Au anomalies over the Piling Group, several
significant multielement base metal anomalies in the Flint
Lake area (Figure 2) as well as anomalous rare-earth–ele-
ment (REE) concentrations over Archean intrusive rocks.

Recently, with support from the GSC’s Geo-mapping for
Energy and Minerals program (GEM), the GSC reanalyzed
archived regional lake sediment samples from other areas
of Nunavut, including the Melville Peninsula (Day et al.,
2009), Nueltin Lake area (McCurdy et al., 2012a) and
Baker Lake area (McCurdy et al., 2012b), using a modified
aqua-regia digestion followed by inductively coupled
plasma–mass spectrometry (ICP-MS) analysis. With the
publication of up-to-date geochemical datasets containing
values for a large number of elements, these reanalysis pro-
jects had success in creating renewed interest in explora-
tion in these areas. The central Baffin Island lake sediment
samples were reanalyzed following similar analytical
methods.
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Figure 1: Index map of regional geochemical surveys on Baffin Island and Melville Peninsula by the Geo-
logical Survey of Canada (GSC Open File 6269 [Day et al., 2009]) and Canada-Nunavut Geoscience Of-
fice (Geoscience Data Series [GDS] 2016-001 [Tremblay et al., 2016]). Red area represents the survey
area of Hornbrook and Lynch (1979a–c) and this study. Modified from McCurdy et al. (2014).



All data and metadata for NGR and other GSC surficial
geochemical surveys are downloadable from the Canadian
Database of Geochemical Surveys (Natural Resources
Canada, 2018). Adcock et al. (2013) describe this data-
base’s structure and how the GSC maintains its integrity
with the always increasing complexity of analytical
techniques.

Regional setting

The study area lies in the central part of western Baffin Is-
land and covers approximately 26 000 km2 (Figure 2). The
area has a gently rolling and tilted surface rising toward the
northeast. There are two broad physiographic regions: in
the west, the Foxe Basin lowlands coastal area and in the

east, the flanks of the highlands that form the eastern coast-
line of Baffin Island. The Barnes Ice Cap forms part of the
northeastern boundary of the study area. Elevations range
from near sea level in coastal areas along Foxe Basin to
500–600 m along the eastern boundary of the survey area.
Rivers and streams flow southwest into Foxe Basin. On the
highlands to the east, rivers, such as the Sam Ford, Clyde
and McBeth, flow toward Baffin Bay in the northeast. The
area lies within continuous permafrost. The regional bed-
rock geology and the Piling Group rocks in particular are
described in Corrigan et al. (2001), Scott et al. (2002,
2003), St-Onge et al. (2007) and Partin et al. (2014).
Surficial geology data and maps are contained in Dredge
(2002, 2004), Dredge et al. (2007) and Utting et al. (2008,
2015).
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Figure 2: Location of reanalyzed lake sediment sample sites, central Baffin Island, Nunavut (base map from Dredge, 2004). Survey
area of Hornbrook and Lynch (1979a–c).



Methodology

Sampling method

The collection of sediment samples from the centre of lake
bottoms and surface water samples was carried out during
the summer of 1978 using a helicopter equipped with floats
(Hornbrook and Lynch, 1979a–c). Sampling density fol-
lowed GSC protocols at an average density of one site per
13 km2 (Friske and Hornbrook, 1991) throughout the
26 000 km2 covering the central Baffin Island study area.
Sample site and grid cell duplicate samples were routinely
collected for each analytical block of 20 samples.

Sample preparation

Field-dried lake sediment samples were shipped to labora-
tories and air-dried, crushed and ball-milled (Hornbrook
and Lynch, 1979a–c). The –80 mesh (177 μm [microns])
fraction was recovered and used for subsequent analyses.
At this time, control reference and blind duplicate samples
were inserted into each block of 20 sediment samples. For
the water samples, only control reference samples were in-
serted into the block. There were no blind duplicate water
samples.

Analytical methods

Lake sediment (1978)

The original analysis provided data for 11 elements (Zn,
Cu, Pb, Ni, Co, Ag, Mn, Fe, As, Mo, U) in lake sediment
samples. These samples were also submitted for loss-on-
ignition testing. Results were released in GSC open files
(Hornbrook and Lynch, 1979a–c).

The following analytical method descriptions for lake sedi-
ment analysis are taken from Hornbrook and Lynch
(1979a–c). For the determination of Zn, Cu, Pb, Ni, Co,
Ag, Mn and Fe, a 1 g sample was reacted with 6 ml of a mix-
ture of 4 mol HCl and 1 mol HNO3 in a test tube overnight
at room temperature. After digestion, the test tube was im-
mersed in a hot water bath at room temperature and brought
up to 90°C and held at this temperature for two hours with
periodic shaking. The sample solution was then diluted to
20 ml with metal-free water and mixed. The concentrations
of Zn, Cu, Pb, Ni, Co, Ag, Mn and Fe were determined by
atomic absorption spectroscopy (AAS) using an air-acety-
lene flame.

Arsenic was determined by AAS using a hydride evolution
method wherein the As was evolved as AsH3 and passed
through a heated quartz tube in the light path of an atomic
absorption spectrophotometer.

Molybdenum was determined by AAS using a nitrous ox-
ide acetylene flame. A0.5 g sample was reacted with 1.5 ml
concentrated HNO3 at 90°C for 30 minutes. At this point,
0.5 ml concentrated HCl was added and the digestion con-

tinued at 90°C for an additional 90 minutes. After cooling,
8 ml of 1250 ppm Al solution were added and the sample
solution diluted to 10 ml before aspiration.

Uranium was determined using an INAA method with de-
layed neutron counting. Boulanger et al. (1975) provides a
detailed description of the original method. In brief, a 1 g
sample was weighed into a 25 cm3 (7 dram) vial, capped
and sealed. The sample was irradiated in a SLOWPOKE re-
actor with an operating flux of 1012 neutrons/cm2/s. The
samples were pneumatically transferred from an automatic
loader to the reactor, where each sample was irradiated for
60 seconds. After irradiation, the samples were again trans-
ferred pneumatically to the counting facility where after a
10 second delay the sample was counted for 60 seconds
with six BF3 detector tubes embedded in paraffin. Follow-
ing counting, the samples were automatically ejected into a
shielded storage container.

Loss-on-ignition was determined using a 500 mg sample.
The sample, weighed into a 30 ml beaker, was placed in a
cold muffle furnace and brought up to 500°C over a period
of two to three hours. The sample was held at this tempera-
ture for four hours then allowed to cool to room tempera-
ture for weighing.

Lake water (1978)

Uranium, fluoride and pH were determined in lake water
samples. After testing, the remaining sample of water, ap-
proximately 225 ml, was acidified with 3 ml of concen-
trated HNO3. The following analytical method descriptions
for water analysis are taken from Hornbrook and Lynch
(1979a–c).

Uranium was determined by placing sample aliquots on a
polycarbonate tape and dried. The tape was then irradiated
in a nuclear reactor for one hour in a flux of 1013 neutrons/cm2/s.
The tape was subsequently etched with 25% NaOH solu-
tion and the fission tracks were counted with an optical
counter fitted to a microscope. The number of tracks was
proportional to the uranium concentration. Each tape con-
tained its own calibration standards, blanks and sample du-
plicates.

Hydrogen ion activity (pH) was measured with a Beckman
glass-calomel combination electrode and a Model 401
Orion specific ion meter.

Fluoride was determined using a Model 401 Orion specific
ion meter with an Orion fluoride electrode. Prior to mea-
surement, an aliquot of the sample was mixed with an equal
volume of a modified total ionic strength adjustment buffer
(TISAB). The modification consisted of adding 60 ml of
8 mol KOH solution to the buffer. This permitted the reanal-
ysis of fluoride in acidified water samples when required.
When this analysis was necessary, acidified standard
solutions were used for calibration.
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Lake sediment (1998)

This first reanalysis, as described below, provided supple-
mentary data in the form of an additional 25 elements de-
rived from nondestructive INAA. Results were released in
GSC Open File 3716 (Friske et al., 1999).

The following analytical method is described in Friske et al.
(1999). Weighed and encapsulated samples were packaged
for irradiation along with internal standards and interna-
tional reference materials. Samples and standards were ir-
radiated together with neutron flux monitors in a two mega-
watt pool-type reactor. After a seven-day decay period,
samples were measured on a high-resolution germanium
detector. Computer control was achieved with a Microvax
II computer. Typical counting times were 500 seconds.

Lake sediment (2018)

This second reanalysis provides an up-to-date dataset by
providing a full suite of 65 elements (Table 1) on archived
lake sediment samples (n=1768). A total of six samples
were not reanalyzed due to insufficient material remaining.
A modified aqua-regia dissolution was used prior to ICP-
MS analysis and was carried out by Bureau Veritas Com-
modities Canada (BVCC; Vancouver, British Columbia).

The full suite of elements was determined by a modified
aqua-regia partial dissolution using BVCC package
AQ250-EXT. Pulp-splits of 0.5 g samples were leached
with a 6 ml mixture of HCl, HNO3 and distilled/deionized
water (2:2:2 volume to volume ratio) at 95°C for one hour.
The sample solution was diluted to 20 ml and analyzed by
ICP-MS. Method description taken from McNeil et al.
(2018b).

Data quality was estimated using control reference materi-
als with known elemental concentrations to evaluate accu-
racy, and analytical duplicate samples to evaluate analytical
precision. Field duplicate data were used to carry out an
analysis of variance (ANOVA) in order to compare the esti-
mated sampling and analytical variability and judge
whether the data are suitable for mapping purposes.

The new dataset, as well as a compilation of all pre-existing
geochemical analyses on the lake sediment and water sam-
ples, is available in McNeil et al. (2018a)4.

Economic considerations

Mineral resource exploration in the Arctic is challenging
due to its difficulty of access. Companies and individuals
who do so undertake considerable financial risks. The lack
of publicly available baseline geoscience data discourages

industry from establishing exploration programs. How-
ever, given the potential for economic mineralization in
central Baffin Island and other areas of Nunavut, up-to-date
baseline geochemical data coverage can offset some of the
financial risk.

In the region, the Proterozoic Piling Group rocks hold po-
tential for a variety of mineral deposit types (Scott et al.,
2003), including Zn (Flint Lake Formation), sedimentary
exhalative (SEDEX) base metals (Astarte River Forma-
tion), Ni-Cu-PGE (Bravo Lake Formation), Pb-Zn-Ag and
Au (upper Dewar Lakes Formation), Sn and Ta (Longstaff
Bluff Formation). Exploration for Au, Ni-Cu-Pt-Pd and
Zn-Pb-Ag was conducted in the Piling Group (Government
of Nunavut, Indian and Northern Affairs Canada, Nunavut
Tunngavik Incorporated and Canada-Nunavut Geoscience
Office, 2002). Gold exploration is still underway in this
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Table 1: List of elements determined in lake sediments with a
modified aqua-regia dissolution followed by inductively cou-
pled plasma–mass spectrometry analysis.

4CNGO Geoscience Data Series GDS2018-001, containing the
data or other information sources used to compile this report, is
available online to download free of charge at http://cngo.ca/
summary-of-activities/2018/.



sector (Indigenous and Northern Affairs Canada, Govern-
ment of Nunavut, Nunavut Tunngavik Incorporated and
Canada-Nunavut Geoscience Office, 2017).

In addition to being a useful mineral exploration dataset, re-
gional geochemical data are essential for decision-making
in future environmental assessments by establishing envi-
ronmental baselines predating economic development–
related activities (Tarvainen, 1996).

Summary

Geochemical reanalysis was conducted on archived lake
sediment samples (n=1768), originally collected by the
Geological Survey of Canada during a National Geochemi-
cal Reconnaissance survey conducted in 1978. The sam-
ples were analyzed for a full suite of 65 elements by aqua-
regia dissolution followed by inductively coupled plasma–
mass spectrometry. The new dataset, as well as a compila-
tion of all pre-existing geochemical analyses on the lake
sediment and water samples, will be useful in assisting min-
eral exploration programs explore for various commodities
as well as being used to assist in establishing environmental
geochemical baselines.
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Abstract

Limited baseline knowledge about the marine geology of the seabed of inner Frobisher Bay poses a challenge to coastal and

seabed infrastructure for the City of Iqaluit. Over the past four years, the area covered by targeted, high-resolution

multibeam bathymetric mapping has increased around the southeastern part of Baffin Island, allowing to better characterize

the seafloor of the basin. Inner Frobisher Bay is shown to have a primarily muddy bottom, but with a complex overall mor-

phology. Adding to the complexity caused by bedrock structure are various deglacial features, including several recessional

moraines. Several marine geohazards have reshaped postglacial sediments, as evidenced by fields of pockmarks, seabed

scours formed by sea ice and icebergs, and ≥246 submarine slope failures. An extensive coring and acoustic sub-bottom

profiling survey has revealed the deglacial stratigraphic succession underlying the seabed, as well as sediments resulting

from submarine slope failures, which facilitates sedimentary analysis and age control. Typical of other deglacial environ-

ments, the sediments show a decreasing amount of glacial influence over time, with inputs into the embayment becoming

more local in character as ice retreated. Radiocarbon dates from cores agree with the established deglacial chronology for

the region. Analysis of submarine slope-failure cores shows different styles of failed stratigraphic units and, along with

multibeam bathymetric mapping, demonstrates that these features range considerably in ages (1000–5500 cal. yr. BP). Al-

though a baseline characterization of inner Frobisher Bay is presented here, further analysis is currently underway to better

understand this complex basin and the processes that shaped it.

Résumé

Le manque de connaissances géologiques liées au plancher marin du fond de l’arrière-baie de Frobisher pose un défi en ce

qui a trait à l’ìnfrastructure littorale et marine de la Ville d’Iqaluit. Depuis quatre ans, la surface ciblée par les levés de

cartographie bathymétrique par échosondeur multifaisceaux effectués autour du sud-est de l’ile de Baffin augmente de plus

en plus, ce qui a permis de mettre en évidence la morphologie complexe de l’arrière-baie dont le fond est tapissé de

sédiments fins. En plus de la complexité de la structure de la roche en place, des reliefs géomorpholoqiques d’origine

glaciaire, tel des moraines de retrait, ont été cartographiés. Des géorisques marins, comme des champs de trous

d’échappement de gaz ou de fluides, l’affouillement causé par les icebergs et la glace marine, et plus de 246 ruptures de

versants sous-marins, ont remanié les sédiments postglaciaires. Une étude approfondie réalisée à l’aide de carottage et de

profils acoustiques de sous-surface révèle la succession stratigraphique de la déglaciation et des sédiments remobilisés par

des ruptures de versants; cette étude a permis de procéder à des analyses sédimentaires et d’établir des limites

chronologiques. Ainsi que cela s’est déroulé dans d’autres milieux touchés par le retrait glaciaire, l’influence glaciaire a

diminué au fil du temps, alors que les apports sédimentaires locaux ont augmenté à mesure que les glaces se retiraient. Des

âges radiométriques obtenus de coquilles marines provenant de carottes concordent avec la chronologie établie du retrait
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glaciaire de la région. L’analyse de sédiments prélevés dans des carottes recueillies dans des zones de rupture de versant fait

état de différents types d’unités stratigraphiques perturbées et, conjuguée aux résultats des travaux de cartographie

bathymétrique multifaisceaux, révèle la présence de types variés de glissements dont l’âge varie considérablement (1000–

5500 ans cal. BP). La présente caractérisation de base de l’arrière-baie de Frobisher sera suivie d’analyses approfondies de

ce bassin complexe et des processus qui y sont à l’œuvre.

Introduction

Inner Frobisher Bay represents an area where infrastructure

development intersects with an active, complex, high-lati-

tude marine environment. Iqaluit (population 7082; Statis-

tics Canada, 2017), at the head of Frobisher Bay, is the capi-

tal and administrative centre of Nunavut and the focus of

both planned and ongoing coastal infrastructure develop-

ment (Hatcher and Forbes, 2015). Construction has begun

on the deep-water Port of Iqaluit, an important infrastruc-

ture project meant to bolster the city’s capacity as the hub of

the region. Plans involve the possible installation of a sea-

bed fibre optic cable in the bay, connecting Iqaluit to both

the south and other communities in Nunavut (Murray,

2018).

Development of coastal and seabed infrastructure in a re-

sponsible and sustainable manner requires an understand-

ing of the marine environment and associated hazards.

There has been extensive research on coastal processes

near Iqaluit over many years (e.g., McCann et al., 1981;

McCann and Dale, 1986; Dale et al., 2002; Hatcher, 2014;

Hatcher et al., 2014) but until recently the seabed in the re-

gion was relatively unknown. Starting in 2014, a collabora-

tive ArcticNet project entitled ‘Integrated Marine Geo-

science to Guide Environmental Impact Assessment and

Sustainable Development in Frobisher Bay, Nunavut began

a systematic and integrated investigation of the seabed in

Frobisher Bay, with the purpose of generating geoscience

knowledge to aid in informed decision-making surround-

ing infrastructure in the region (Hughes Clarke et al., 2015;

Mate et al., 2015; Todd et al., 2016; Deering et al., 2018).

Integrated marine geoscience

Integrated marine geoscience draws upon knowledge and

methods from a variety of fields to gain a more comprehen-

sive understanding of a region. These methods include geo-

logical and hydroacoustic techniques, such as bathymetric

mapping, sub-bottom profiling, substrate sampling and

comprehensive analyses of materials, but also include as-

pects of other disciplines, such as habitat mapping and eco-

logical surveying. This robust approach is necessary to de-

velop a better understanding of past and present seabed

processes in such a complex basin.

This paper focuses on characterizing the postglacial seabed

morphology and sediments in inner Frobisher Bay using

acoustic profiling surveys and direct sampling of seabed

sediments. Acoustic bathymetric and sub-bottom profiler

data have been acquired for approximately 75% of inner

Frobisher Bay to examine the bathymetry and geology of

the shallow subsurface. Acoustic backscatter and sediment

samples have been collected throughout the inner bay to

characterize seabed-sediment distribution and postglacial

sedimentary regimes.

Physiography and glacial history

Frobisher Bay is a large, partially enclosed embayment in

southeastern Baffin Island. Approximately 265 km in

length, it is widest at its mouth (~66 km), tapering toward

its head. The bay can be divided into three physiographic

sectors: outer and inner bay, and mid-bay islands. The outer

bay (180 km long), open to the North Atlantic, is a half

graben, with depths exceeding 800 m along the fault-

bounded southwestern coast. The mid-bay islands and the

shallow channels that separate them divide the outer and in-

ner bays. The inner bay is relatively shallow (<350 m deep),

with two-thirds of it <100 m deep.

Frobisher Bay is bounded to the northeast and southwest by

the Hall and Meta Incognita peninsulas, respectively.

Along the shores of Frobisher Bay, these peninsulas are

composed of Paleoproterozoic metamorphic and igneous

rocks from the Trans-Hudson Orogen (St-Onge et al., 2006;

Steenkamp and St-Onge, 2014). Minor outcrops of

Paleoproterozoic marble occur north of Frobisher Bay, es-

pecially around Iqaluit. To the northwest of the bay (near

Sylvia Grinnell Lake, approximately 50 km from the head

of the bay) is an area of Ordovician carbonate rocks. A mi-

nor outlier of Paleozoic carbonate rocks also occurs near

Foul Inlet. Based on the occurrence of Paleozoic carbonate

materials in the till (Miller, 1980) and observations from

multibeam bathymetry data, carbonate-rich bedrock is

thought to extend below the seabed of the outer bay (Mac-

Lean et al., 2014).

During the last glacial maximum (LGM), Frobisher Bay

was covered predominantly by continental ice originating

from the Foxe and Amadjuak domes to the northwest, with

alpine glaciation occurring on local highlands (500–600 m

elevation; Miller et al., 2005; Tremblay et al., 2015a). This

LGM Foxe–Amadjuak ice extended beyond the inner bay

to cover much of the outer bay. At ca. 9800 cal. yr. BP, con-

tinental ice receded to the northwest of the mid-bay islands,

beginning a deglacial period of 2000 years that ended ca.

7800 cal. yr. BP, when the ice front withdrew entirely from

the bay. This retreat is documented in the terrestrial record

140 Canada-Nunavut Geoscience Office



by large moraine complexes (Hall and Frobisher Bay mo-

raines) on the flanking peninsulas (Miller, 1980; Squires,

1984). Following the retreat of continental ice from inner

Frobisher Bay, a seasonal sea-ice regime was established,

with alternating warmer and cooler intervals ever since

(Jacobs et al., 1985).

Following deglaciation, the region also underwent a period

of isostatic adjustment. At deglaciation, the marine limit

(highest relative sea level [RSL]) in the inner bay was

~120 m above current higher high-tide level (Jacobs et al.,

1985). Immediately following deglaciation, with initially

rapid isostatic uplift, RSL dropped quickly (100 m/ka), ex-

ponentially decreasing over time (Jacobs et al., 1985). It

continues to fall in the inner bay today. Inner Frobisher Bay

experiences extreme tidal ranges (11.1 m at spring tides,

12.6 m maximum recorded tide; Canadian Hydrographic

Service, 2001) in a regime thought to have been established

ca. 2750 cal. yr. BP because of these changes in sea level

(Dowdeswell et al., 1985).

Previous marine geoscience studies

Prior marine geoscience research in Frobisher Bay has

largely focused on clarifying the glacial history of the outer

bay (Dowdeswell et al., 1985; Stravers et al., 1992; Miller

et al., 2005; Todd et al., 2016). In the inner bay, the focus

has been on either navigational information (Eno, 2003) or

ecological inventory (Wacasey et al., 1980). Extensive

surficial geological mapping has been conducted on the

peninsulas surrounding the bay (e.g., Hodgson, 2005;

Allard et al., 2012; Tremblay et al., 2015b). High-resolu-

tion acoustic bathymetric data from the inner bay were first

collected by CCGS Amundsen during transits in 2006.

Starting in 2014, the first targeted, comprehensive, high-

resolution seabed mapping and sampling effort began in in-

ner Frobisher Bay, laying the groundwork for this research

(Hughes Clarke et al., 2015; Todd et al., 2016).

Methods

Acoustic bathymetric and subseafloor mapping

Bathymetric mapping using multibeam-echosounder sys-

tems (MBES; Figure 1) was accomplished by two vessels

over 11 years. CCGS Amundsen opportunistically col-

lected data in each of the years 2006–2010 and 2014–2017

using Kongsberg EM 300 (2006–2008) and EM 302

(2009–present) echosounders operating at a nominal fre-

quency of 30 kHz. The Government of Nunavut’s RV

Nuliajuk comprehensively mapped inner Frobisher Bay in

a targeted effort from 2012 to 2016, employing Kongsberg

EM 3002 (300 kHz; 2012–2013) and EM 2040C (variable

200–400 kHz; 2014–2016) echosounders. Along-track,

sub-bottom, acoustic profiling was accomplished using

Knudsen 320R (CCGS Amundsen) and CHIRP 3200 two-

channel (RV Nuliajuk) 3.5 kHz echosounders operating

concurrently with multibeam echosounders. At times,

equipment failure resulted in only MBES data being col-

lected.

Processing of MBES bathymetric data was done using

Qimera software version 1.7 developed by QPS (Quality

Positioning Services, 2018). A bathymetric raster surface

of 10 m resolution was generated. Depth values were nor-

malized to chart datum (mean lower low water [MLLW] =

0) and tides corrected using the Arctic9 tidal model (Collins

et al., 2011). Sub-bottom acoustic data were analyzed using

Natural Resources Canada’s SegyJp2 Viewer (Natural Re-

sources Canada, 2018a).

The Fledermaus Geocoder Toolbox (FMGT) was used to

process MBES backscatter (i.e., acoustic reflectivity) data.

Data from each survey year and vessel were processed and

exported as separate rasters. Backscatter was not calibrated

for each system, so measurements represent relative acous-

tic reflectivity in dB (decibels) and are not comparable be-

tween surveys unless standardized. A bulk shift methodol-

ogy (Hughes Clarke et al., 2008) was used to standardize

each survey with reference to areas overlapping the 2014

Nuliajuk survey, which was the most extensive. The meth-

odology is like that used in Misiuk et al. (2018) and is

further detailed in their forthcoming publication.

Collection and analysis of sediment samples

Sediment cores were collected using three distinct coring

systems on two vessels. Piston cores were collected from

the Amundsen from 2014 to 2017, using a corer rigged to

collect cores up to 9 m in length. Gravity cores were col-

lected from the Nuliajuk in 2016 and 2017 using a Geologi-

cal Survey of Canada (GSC-Atlantic) gravity corer config-

ured to collect cores up to 2.6 m in length. Push cores were

collected from CCGS Amundsen using a BX-650 MK-III

box corer capable of retrieving a 160 L seafloor sample and

40 cm sections of the same core liner. All piston and gravity

cores were cut into 1.5 m sections, which were then sealed

and transported, refrigerated and upright, to the GSC-At-

lantic core laboratory at the Bedford Institute of Oceanog-

raphy (BIO), where a standardized procedure for analysis,

detailed in Campbell et al. (2017), was undertaken. Analy-

ses are summarized in Table 1.

Additionally, X-radiographs of split cores were collected

for all cores and acid-reactivity was measured at discrete

depths downcore to determine relative carbonate (CaCO3)

concentration. Acid-reactivity is a qualitative ranking of

the reaction intensity when exposing a subsample of sedi-

ment to a 10% HCl solution on a scale of 0 (no reaction) to 4

(very intense reaction). Subsamples were collected from

cores for grain-size analysis and radiocarbon dating.

Data from these sources are compiled in downcore plots and

used to characterize the various stratigraphic units found in
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Figure 1: Artificially illuminated multibeam bathymetric coverage (10 m resolution) and surrounding coastal topography of inner Frobisher
Bay. Coloured area represents water depths corrected to MLLW = 0 (mean lower low water height). Grey area between bathymetric and top-
ographic data is unmapped. Key geographic place names, as mentioned in text, are shown. Locations of Figure 3 sub-bottom profile lines
are shown as white lines. Locations of piston cores 2016804-0009 (Figures 4 and 5) and 2016804-0007 (Figure 4) are shown as white dia-
mond-shaped symbols. Topographic data from Canadian Digital Elevation Model (Natural Resources Canada, 2018b).



each core. All cores and associated subsamples are archived

by the GSC at BIO.

Benthic grab samples were collected from the Nuliajuk in

2015 and 2016. Sample sites were selected using a strati-

fied (depth and slope) random approach over the area of

bathymetric coverage to investigate different sedimentary

regimes. To collect three samples at each site, up to five

grabs were attempted. Approximately 100 mL of sediment

was subsampled from each successful grab and stored

frozen for grain-size analysis. All grab sampling was first

attempted with a 24 L-capacity Van Veen Grab Sampler. If

unsuccessful (as in rocky areas), a 2.4 L-capacity Wildco®

Petite Ponar grab was sometimes used.

To measure sediment grain sizes for benthic grabs, samples

were thawed, dried and weighed to determine their total

mass. Each sample was dry-sieved to separate mud, sand

and gravel size fractions, to determine percent composition

by mass. Sediments that did not disperse from dry sieving

were wet-sieved to accurately measure mud composition.

For sediment-core grain size, laser diffraction analysis was

performed by the sedimentology laboratory at BIO.

Surficial sediment grain-size mapping

Ultimately, MBES data and their derivatives will be used to

generate continuous predictions of surficial sediments in

inner Frobisher Bay. Using statistical models, percent com-

positions of mud, sand and gravel fractions obtained from

grab samples are treated as response variables, with MBES

data as predictors (e.g., Stephens and Diesing, 2015;

Misiuk et al., 2018). This methodology produces maps of

percent composition of each size class, which can be classi-

fied according to a given scheme (Folk, 1954).

Radiocarbon dating

Analysis of carbonate materials (typically bivalve shells)

picked opportunistically from sediment cores were ana-

lyzed by accelerator mass spectrometry (AMS) to deter-

mine radiocarbon age. In cores with few datable materials,

all shells at various depths were dated. In those with an

abundance of datable materials, samples near unit bound-

aries were selected, as was the sample furthest downcore.

In most cases, only one shell was radiocarbon dated com-

prising either a whole valve, valve fragment, or articulated

paired valve. After removal from the cores, samples were

cleaned, photographed and identified by Paleotec Services.

In 2015–2017, the W.M. Keck-Carbon Cycle Accelerator

Mass Spectrometry Facility at the University of California

(Irvine, California) analyzed all samples. In 2018, the

André E. Lalonde Accelerator Mass Spectrometry Labora-

tory at the University of Ottawa analyzed larger samples

(>50 mg), whereas Keck processed smaller samples. Con-

ventional radiocarbon ages were corrected for marine-res-

ervoir effect using the Marine13 calibration curve dataset

(ΔR = 179 ±22; Coulthard et al., 2010), calibrated with Calib

version 7.1 (Stuiver et al., 2018) and reported at the 2ó age-

uncertainty level.

Results

Multibeam bathymetry and seabed morphology

Depths in the inner bay reach approximately 350 m in the

deepest trough, but typically are shallower. More than half

the inner bay has depths less than 100 m. Basin morphology

is characterized by troughs, ridges and plateaus. Troughs

and ridges are typically aligned parallel to the northwest-

southeast axis of the inner bay, extending from the head to

the mid-bay islands (50 km) and corresponding to the over-

all geological strike of the basin. Plateaus, ranging from

smooth to hummocky (tens of metres), form the remainder

of the basin, with no preferred orientation. Various glacial

landforms are visible on MBES imagery (Figure 2a). The

relation between the marine and terrestrial features is illus-

trated in Tremblay et al. (2015a). At least three end mo-

raines extend tens of kilometres across the inner bay with

their shallowest extents continuing beyond the minimum

depth of MBES mapping. Streamlined glacial features, typ-

ically aligned northwest-southeast can be found sporadi-

cally throughout the inner bay at all water depths.

Localized morphology can be characterized by remobil-

ization of seafloor sediment; such features include subma-

rine slope failures (SSFs), pockmarks and extensive ice-

berg and sea-ice scouring of the seabed. There are 246 SSFs

mapped throughout the inner bay, with clusters in the shal-

low waters (<50 m depth) of the southwestern coast (Fig-

ure 2a). Typically, these features are small (<0.34 km2) and

shallow (50–150 m water depth), and have short runout

lengths (<485 m). A full morphometric analysis of these
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Table 1: Summary of various physical-property analyses for piston cores as shown in Figure 5 and described in detail by Campbell et al.
(2017).
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features is reported in Deering et al. (2018). Pockmarks are

typically small (<10 m in diameter), occur in fields of mud

(<1 km2) in deep (>150 m) waters and are interpreted to

have formed by discharge of seabed fluids such as methane

gas. One exceptionally large pockmark field (~6 km2) is in a

trough northeast of Cape Rammelsberg. There is no spatial

correspondence between the locations of pockmarks and

those of SSFs. Iceberg and sea-ice scouring is common in

shallow areas (<50 m) in inner Frobisher Bay, particularly

in areas close to the mid-bay islands and near Iqaluit.

Surficial sediments

Analysis of the grab samples (n = 206) established most

surficial sediments in the bay are muddy (Figure 2c–d). The

most common Folk (1954) sediment class was sandy mud

(sM), followed by slightly gravelly sandy mud ([g]sM),

slightly gravelly muddy sand ([g]mS) and muddy sand

(mS). Other classes were rare. Sandy mud was encountered

throughout the inner bay, but most commonly along the

northwestern margin of MBES coverage (Figure 2c). The

number of samples classified as (g)sM increased with prox-

imity to Iqaluit, along with (g)mS and mS. The classes gM,

gmS and gS occurred rarely and sporadically throughout

the sampled area (Figure 2c).

Acoustic backscatter shows the reflectivity of the seabed to

be low across much of the study area, with areas of moder-

ate return of signals in some of the shallower locations and

near the coasts (Figure 2c). Highly reflective features are

visible in the northern patch of sea-ice scour (Figure 2c),

surrounding the deep trough east of Hill Island and in com-

plex patches of the lateral margins of the bay. Distinct, highly

reflective features are visible at the bottom of troughs in the

southeastern part of the bay.

Sediment cores and sub-bottom profiler data

Seventy-four sediment cores were collected from the sea-

bed of inner Frobisher Bay (Figure 2b), comprising 11 push

cores from box cores (core lengths 20–29 cm), 12 piston

cores (core lengths 442–601 cm) and 51 gravity cores (core

lengths 5–188 cm, mean 61 cm). One third of the cores were

recovered from undisturbed basin locations, whereas two-

thirds targeted SSF features.

Sub-bottom acoustic profiling reveals variable sediment

thicknesses (up to tens of metres) throughout the inner bay

and extensive bedrock outcrop along the margins of the

bay, adjacent to islands and near Iqaluit. Sediments with

varying degrees of acoustic stratification are typically

draped over acoustically transparent or chaotic sediments,

with the contact between them being hummocky and irreg-

ular (Figure 3).

Four undisturbed lithofacies have been recognized from

cores in inner Frobisher Bay (Figure 4). Unit 1, extending

beyond all piston core penetration, is composed of carbon-

ate-rich, laminated (~10 cm thick), grey to grey-black mud

(49:50:1 ratio of clay to silt to sand). Bulk density and mag-

netic susceptibility of this unit are relatively high (1.7–

1.9 g/cm3; 500–800 SI), whereas shear strength is relatively

low (6–10 kPa) compared to two overlying units. Unit 2

(<2 m thick) is composed of massive, carbonate-rich, grey-

black mud (49:50:1 to 34:65:1), with a very minor compo-

nent of dispersed coarse sand. The relative proportion of

silt increases upcore in the mud. Bulk density, magnetic

susceptibility and shear strength of this unit are comparable

to values in unit 1 (1.7 g/cm3; 500 SI; 6–10 kPa). Unit 3 (2–

3 m thick) is composed of poorly stratified, carbonate-poor,

olive grey silty mud (29:70:1), with intermittent (1–5/m)

horizontal beds (5–10 cm thick) of coarse sand and pebbles

with conformable contacts. Only minimal bioturbation, in

the form of burrowing, was observed. In contrast, unit 4

(<50 cm thick) at the top of every core, whether push, pis-

ton or gravity core, is an intensely bioturbated, massive, ol-

ive grey silty mud (20:70:10), with a small component of

coarse sand and gravel (typically <50 mm) dispersed

throughout. Bulk density, magnetic susceptibility and shear

strength of the upper two units, particularly unit 3 (1.3–

2.1 g/cm3; 500–1500 SI; 5–23 kPa), show a greater range

and more variability than the lower two.

A variety of lithofacies diagnostic of SSFs were recog-

nized. In extreme erosional cases, sediments (often units 2

and 3) from the undisturbed succession are missing or trun-

cated and display an erosional unconformity. Depositional

units, typically less than 3 m thick, range from massive to

laminated (typically with angled beds) and exhibit of

syndepositional deformation features of variable intensity.

Chronology

Eighty-six AMS radiocarbon ages were returned on pri-

marily shell material from piston cores (2–8 per core; 60 in

total) and gravity cores (1–4 per core; 26 in total). Cali-

brated ages range from recent (ca. 200 cal. yr. BP) to early

postglacial (ca. 9500 cal. yr. BP). Most ages (80%) fall be-

tween 3000 and 8000 cal. yr. BP, with 16 younger and 2

older. Date uncertainty in the calibration model ranges

from 25 to 70 years. Using calibrated median-probability

ages, downcore position of samples from undisturbed cores

and assuming that the tops of cores represent present day

(0 cm = 0 cal. yr. BP), computed mean-sedimentation rates

are rapid (300–900 cm/ka) prior to 7000 cal. yr. BP, fol-

lowed by a slower period (<50 cm/ka) until approximately

1000 cal. yr. BP, after which rates appear to increase

slightly (100–200 cm/ka).

Discussion

Seabed geomorphology and glacial features

Inner Frobisher Bay can be classified as a fiard: a low-re-

lief, glacially carved inlet. Unlike the classic fiord (a single
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trough with steep sidewalls and a flat-bottomed basin), the

seabed of inner Frobisher Bay is much more variable. Large

areas of shallow water punctuated by relatively deep north-

west-southwest oriented troughs comprise most of the sea-

bed of inner Frobisher Bay. Within these shallow areas, the

seabed can range from flat to hummocky with rock out-

crops. Although some steep (>45°) slopes are present along

the southwestern coast, consistent with its fault-bounded

nature, most slopes have gentler inclines (<12°).

Glacial features on the seabed correspond to what is known

about the history of inner Frobisher Bay from terrestrial re-

cords (Squires, 1984; Jacobs et al., 1985; Tremblay et al.,

2015a, Figure 2). Several large moraines run perpendicular

to the known direction of glacial movement within the

basin, possibly corresponding to terrestrial moraine com-

plexes on the surrounding peninsulas. However, further

mapping and dating control is needed to determine the ex-

act relationship between these features.

Submarine slope failures

Submarine slope failures are a widespread marine geohaz-

ard in inner Frobisher Bay. Based on MBES data, there are

at least 246 of these features in the inner bay, a greater con-

centration than has been noted in any other embayment of

the Canadian Arctic. The SSFs are not generally associated

with conditions known for high incidence of slope failure

(e.g., delta fronts or drift-mantled slopes) and instead are

located throughout the inner bay, with some concentrations

along the southwestern coastline. More than half of these

features are on slopes <10°.

Although further work is necessary to determine the timing

and causes of SSFs in inner Frobisher Bay, Deering et al.

(2018) show that there must be multiple generations of

these events in the basin, as evidenced by their overlapping

morphology. Radiocarbon dates from SSF cores corrobo-

rate this conclusion, ranging from ca. 5500 cal. yr. BP to ca.

1000 cal. yr. BP. Multiple generations of SSF features over
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Figure 3: a) Acoustic sub-bottom profile crossing a moraine (vertical exaggeration is 12 times).
Draped sediments >20 m thick in places overlie the till core of the moraine, with linear reflections be-
coming truncated at the crest. Variable levels of acoustic stratification are visible. b) Acoustic sub-
bottom profile along the runout length of a submarine slope failure (SSF) feature in inner Frobisher
Bay (vertical exaggeration is 9 times). Area with rough surface and chaotic internal reflections repre-
sents transported material of variable thickness (2–5 m). Locations of lines shown in Figure 1. Ab-
breviations: NW, northwest; SE, southeast.
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Figure 4: Summary of characteristic lithofacies in inner Frobisher Bay. Split-core X-radiographs and photographs of 20 cm sections of
piston cores 2016804-0009 (lithofacies 1–4; Figure 5) and 2016804-0007 (lithofacies 5) are shown with scale at left for each section.
Core locations are shown in Figure 1.



several thousand years indicate that there was not one large

formative event or trigger (i.e., a large earthquake) that

caused all these features to appear at once. Instead, trigger-

ing mechanisms of smaller magnitude appear to be causing

these events, either continually or at discrete intervals.

Deering et al. (2018) speculate that these triggers could in-

clude seismic activity, rapid postglacial shifts in sea level

and extreme tides. None of the SSFs dated in inner Fro-

bisher Bay appears younger than 1000 years but given that

only a fraction of those mapped have been dated, this does

not mean that slope failure is not an active seabed-shaping

process in the bay. If it is an active process, it may pose a lo-

calized risk to seabed infrastructure (Canals et al., 2004).

However, all the SSFs found in the bay appear to be too

small to have triggered a hazardous tsunami (Deering et al.,

2018).

Deglacial and postglacial sediments

Basal dates for sediment cores collected in inner Frobisher

Bay agree with the previously established glacial history.

The current interpretation has the glacial front retreating to

the northwest of the mid-bay islands at approximately

9800 cal. yr. BP and retreating entirely out of the bay by

7700 cal. yr. BP. It should be noted that no cores collected in

this research penetrated to the level of till. Further work is

needed to establish a complete, higher resolution timeline

of glacial retreat in the inner bay.

Sediments in inner Frobisher Bay show reduced influence

of glacial meltwater sources and increased influence of lo-

cal sediment sources over time. Units 1 and 2, with a pre-

dominantly fine matrix, relative absence of ice-rafted de-

bris (IRD) and relatively high carbonate concentration,

were deposited in an ice-distal marine setting as silt and

clay carried in suspension from proglacial meltwater

through the Sylvia Grinnell and Jordan rivers. This sedi-

ment likely originates from the Paleozoic carbonate bed-

rock and carbonate-bearing tills around Sylvia Grinnell

Lake. Data from Hodgson (2005) and Tremblay et al.

(2016) indicate carbonate content of about 30% and calcite/

dolomite ratio of 5:15 in till around Sylvia Grinnell Lake,
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Figure 5: Lithological and physical properties for basin piston core (2016804-0009) from inner Frobisher Bay, water depth 101 m. Summary
of various parameters appears in Table 1. Core location (lat. 63.643°N, long. 68.619°W) shown in Figure 1. The width of the black circles
representing radiocarbon dates encompasses their 2ó uncertainty level.



but only scattered patches of 5% carbonate-content till just

north of Frobisher Bay (except around minor outliers of Pa-

leozoic carbonate rocks and Paleoproterozoic marbles near

Iqaluit). Additionally, the lack of IRD in units 1 and 2 im-

plies that at time of deposition there was year-round sea-ice

cover preventing icebergs from entering the bay.

At ca. 7000 cal. yr. BP, stratigraphic units in the bay adopt

an entirely different character and a much slower deposi-

tion rate, corresponding with the timing of the recession of

Foxe–Amadjuak ice from the Sylvia Grinnell Lake area

dated by applying infrared stimulated luminescence meth-

ods to material from glaciolacustrine deltas (Tremblay et

al., 2018). Units 3 and 4 have an overall siltier matrix, more

abundant IRD and a relatively lower carbonate concentra-

tion as compared to units 1 and 2. Taken together, these

three factors suggest increasing proportions of locally

sourced sediment for units 3 and 4, derived from local rivers,

reworking of coastal sediments and increased sea-ice raft-

ing. The change in sedimentary characteristics from

units 1–2 to unit 3 is likely related to the cessation of melt-

water output from the Sylvia Grinnell Lake area as the ice

front receded to a northward position in the highlands lack-

ing carbonate rocks and till, and meltwater was diverted to

the Foxe Basin watershed. Differences in bioturbation be-

tween units 3 and 4 may result from the depth at which or-

ganisms can actively penetrate the seabed and from the nat-

ural compaction of sediments over time. Finally, increases

in calculated sedimentation rates since ca. 1000 cal. yr. BP

may result from less compaction near the top of the strati-

graphic sequence.

Surficial sediments

The abundance of fine-grained sediment in grab samples

suggests that much of the low backscatter response repre-

sents muddy sediments (Figure 2c). Conversely, areas of

high backscatter likely represent coarser substrates, such as

gravel or rock (Goff et al., 2000). These were generally not

captured in grabs and are therefore not represented in the

sediment grain-size data (Figure 2d). Underwater video re-

vealed the presence of rock outcrop in some locations,

which likely contributed to high backscatter values. The

backscatter also suggests that sediments vary over a fine

spatial scale. Backscatter will potentially be an important

predictor variable in the forthcoming grain-size models

and, along with bathymetry-derived terrain variables, these

values will be useful for predicting surficial-sediment

distribution in the bay.

Economic considerations

Integrated marine-geoscience research in inner Frobisher

Bay has revealed a complex seabed geomorphology, with

highly variable bathymetry and an assortment of marine

geohazards. This research enables planners engaged on

projects such as the Port of Iqaluit and the proposed seabed

fibre optic cable to better assess the challenges of undertak-

ing development in such an area, and to make more

sustainable and responsible decisions regarding how a pro-

ject is developed. Although further targeted research is nec-

essary for any project, this study provides a baseline and

framework within which that research can occur.

Conclusions

The seabed of inner Frobisher Bay is a complex morpho-

logical environment characterized as predominantly

muddy at its surface but underlain by a series of ridges, pla-

teaus, troughs and glacial features. Reworking of post-

glacial mud by three widespread marine geohazards (sub-

marine slope failures, iceberg and sea-ice scouring, and

fluid-release pockmarks) produces localized complexity,

resulting in a highly variable seabed. Investigation of the

substrate in the inner bay has shown a succession of acous-

tic and lithofacies units corresponding to a deglacial and

postglacial sequence of deposition. Further analysis is nec-

essary to understand the processes that shaped and are

shaping the seafloor of inner Frobisher Bay.
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The Western Hudson Bay project is a Canada-Nunavut Geoscience Office–led geoscience compilation project in the Kivalliq Region of
Nunavut, along the western coast of Hudson Bay from the Manitoba border to Rankin Inlet (NTS map areas 55D–F, K, L). The project ob-
jective is to compile all existing aggregate, mineral potential, surficial geology, land cover and permafrost data for this area. Although per-
mafrost and ground ice are important features of the landscape along the western coast of Hudson Bay, there are limited studies of ground
temperature and permafrost in the Kivalliq Region. As such, the project also involves the development of methods for regional character-
ization 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. and LeBlanc, A.-M. 2018: Performance of a consumer-grade unmanned aerial vehicle for
imaging, elevation modelling and ground displacement mapping in permafrost terrain, Rankin Inlet area, southern Nunavut; in Summary
of Activities 2018, Canada-Nunavut Geoscience Office, p. 153–166.

Abstract

Unmanned aerial vehicles (UAV) can be used for landscape reconnaissance and mapping periglacial features in permafrost
terrain. The UAV images can be processed using structure-from-motion (SfM) photogrammetry to create digital elevation
models (DEM), and differential DEMs generated from repeated UAV surveys can be used for mapping ground surface dis-
placement. This study examines the performance of a small and portable consumer-grade UAV for image acquisition, eleva-
tion modelling and ground displacement mapping as part of an existing permafrost study near Rankin Inlet, Nunavut. Imag-
ery is interpreted in terms of permafrost landforms, DEMs are compared to commercial elevation products, and UAV
differential DEM results are compared to results obtained from differential interferometric synthetic aperture radar
(DInSAR). Acquired images are very effective for landscape reconnaissance, surficial geological mapping and permafrost
interpretation. The DEMs created from SfM processing of UAV images have subdecimetre relative accuracy over small re-
gions, and high absolute accuracy near ground control points (GCPs). Away from GCPs, DEM accuracy degrades signifi-
cantly, but the DEM is still a valuable tool for studying relative microtopography, and for qualitative interpretation of peri-
glacial features. Although results at GCPs suggest subdecimetre to decimetre landscape change detection, ground
displacement mapping using UAV differential DEMs is limited by low-frequency spatially variable artefacts. Comparison
of UAV differential DEM results to DInSAR shows little correspondence at the kilometre-scale, but in the immediate
vicinity of GCPs, displacement patterns are similar and there is good agreement with an independent measurement of
seasonal ground displacement.

Résumé

Les véhicules aériens sans pilote (UAV) peuvent être utilisés aux fins de reconnaissance de terrain et de cartographie des
éléments périglaciaires dans les zones pergélisolées. Les images UAV peuvent être traitées en utilisant la photogrammétrie
SfM (Structure-from-Motion) pour créer des modèles altimétriques numériques (MAN); des MAN différentiels, établis à
partir de levés réalisés à l’aide d’un UAV, peuvent ensuite servir à produire des cartes de déplacement de la surface du sol. Le
présent article examine le rendement d’un petit UAV portable de qualité grand public en matière d’imagerie et de production
de MAN et de cartes des déplacements de la surface du sol. Cette recherche s’inscrit dans le cadre d’une étude sur le
pergélisol menée dans la région de Rankin Inlet, au Nunavut. Les images sont interprétées en termes de reliefs du pergélisol,
les MAN sont comparés aux produits commerciaux de photogrammétrie et les MAN différentiels d’UAV sont comparés aux
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données obtenues par interférométrie radar différentielle (DInSAR). Les images acquises se révèlent très efficaces pour la
reconnaissance de terrain, la cartographie de la géologie de surface et l’interprétation du pergélisol. Les MAN créés à partir
du traitement SfM des images UAV ont une précision relative, inférieure au décimètre sur de petites régions, et une précision
absolue élevée à proximité des points d’appui au sol (GCP). Loin des GCP, la précision des MAN se dégrade de façon
appréciable, mais les MAN s’avèrent néanmoins un outil précieux pour l’étude de la microtopographie relative et pour
l’interprétation qualitative des caractéristiques périglaciaires. Bien que les résultats recueillis aux GCP semblent indiquer
un niveau de détection sous-décimétrique à décimétrique des déplacements, la cartographie des déplacements de la surface
du sol est limitée par des artefacts de basse fréquence variant spatialement. La comparaison avec les données DInSAR
montre peu de correspondance à l’échelle kilométrique, mais dans le voisinage immédiat des GCP, les schémas de
déplacement sont similaires et concordent avec une mesure indépendante de l’affaissement saisonnier du sol.

Introduction

Aerial imaging, elevation modelling and ground displace-
ment mapping are useful components of permafrost stud-
ies. Airphotos, satellite images and other remote sensing
data can be used for mapping land cover, geology or geo-
morphology, in addition to inferring permafrost processes
(Jorgenson and Grosse, 2016). Digital elevation models
(DEMs) can further illuminate periglacial landforms and
allow for quantitative description of landform characteris-
tics and periglacial microtopography (e.g., Hubbard et al.,
2013; Wolfe et al., 2014). Ground displacement mapping
via differential elevation models or differential interfero-
metric synthetic aperture radar (DInSAR) can be used for
detecting landscape change associated with seasonal pro-
cesses, thermokarst or permafrost aggradation/degradation
(Short et al., 2014; Günther et al., 2015; Armstrong et al.,
2018).

However, extensive satellite imagery can be costly, as are
high-resolution DEMs constructed from light detection and
ranging (LiDAR) data, or photogrammetric processing of
high-resolution satellite imagery. Furthermore, commer-
cial satellite products are typically limited to submetre res-
olution and higher resolution airphotos are not always
widely available or current. Unmanned aerial vehicle
(UAV) imaging offers an ever-maturing alternative to satel-
lite or fixed-wing imaging at subdecimetre resolution
(Colomina and Moline, 2014). In particular, small con-
sumer-grade UAVs equipped with simple optical (visible-
band) cameras offer the ability to acquire low-cost high-
resolution aerial imagery almost on-demand and in remote
locations. Affordable UAV technology in combination
with accessible software for structure-from-motion (SfM)
photogrammetric processing has allowed for in-house gen-
eration of high-resolution DEMs with subdecimetre
accuracy (Harwin and Lucieer, 2012; Westoby et al., 2012;
Clapuyt et al., 2016).

This paper documents an investigation into the perfor-
mance of a small consumer-grade UAV for acquiring im-
ages useful for general reconnaissance of landscape condi-
tions, geomorphological interpretation and ground
displacement mapping in permafrost terrain, as part of ex-

is t ing studies near Rankin Inlet , Nunavut (e.g. ,
Oldenborger et al., 2017, 2018). Structure-from-motion
software was utilized to construct UAV orthomosaics and
generate DEMs, which were then compared to a commer-
cial elevation product. Ground displacement maps were
created via UAV differential DEMs and compared to results
obtained from DInSAR. The question behind this exercise
is purposely posed as: what products can be built using con-
sumer-grade UAV hardware and software that is portable
and affordable, and what level of accuracy can be
achieved? This approach is in contrast to asking the ques-
tion: what UAV hardware and software solutions are re-
quired to deliver a particular product at a particular level of
accuracy? This approach is rationalized with the observa-
tion that many potential UAV users are not experts in hard-
ware or software, but rather earth scientists (and others)
who see an opportunity for easily acquiring low-cost aerial
information to complement existing research programs.

Study area

The Hamlet of Rankin Inlet is located on the western coast
of Hudson Bay in the Kivalliq Region of Nunavut (Fig-
ure 1). The surficial geology of the western coast of Hudson
Bay in the vicinity of Rankin Inlet consists of glacial, ma-
rine and glaciofluvial deposits (McMartin, 2002). The re-
gion was covered by the Laurentide Ice Sheet during the
Wisconsinan Glaciation; after deglaciation, a postglacial
sea deposited marine sediments and reworked glacial sedi-
ments (Dyke, 2004). Isostatic rebound and emergence re-
sulted in the formation of coastal permafrost that continues
to evolve.

Average mean annual air temperature (MAAT) for Rankin
Inlet was -10.3°C from 1981 to 2016 with an increase of
0.06°C/yr. (Oldenborger et al., 2017). Permafrost thickness
in the region has been estimated to range from 300 m near
the coast to 495 m inland, and active layer thickness may
vary from 0.3 to 4 m depending on local ground conditions
(Brown, 1978; Smith et al., 2010; Golder Associates,
2014). Permafrost temperatures range from approximately
-5 to -7.5°C at depths of zero annual amplitude ranging
from 10 to 30 m (Brown, 1978; Golder Associates, 2014;
Oldenborger et al., 2017).
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Several permafrost study sites were chosen in the vicinity
of Rankin Inlet to represent a variety of terrain conditions
including developed and undeveloped land, and different
geological settings (Oldenborger et al., 2017). Among
these sites, one was located within Iqalugaarjuup Nunanga
Territorial Park to acquire qualitative imagery of perigla-
cial features, and two were chosen to quantitatively investi-
gate the performance of UAV surveys for building DEMs
and ground displacement maps (Figure 2). Site INTP is an

esker crest flanked by fine-grained glaciofluvial and till
sediments. Site RI03 is characterized by till and undifferen-
tiated till and marine sediments surrounding raised beach
sediments that exhibit unconnected ice-wedge troughs.
Site RI05 is characterized by valley-fill nearshore marine
sediments with a large-scale ice-wedge polygon network
surrounded by low hills of till and undifferentiated till and
marine sediments.

Methods

Images were obtained during 2017 field campaigns in June
(sites INTP, RI03, RI05) and September (sites RI03, RI05)
using a consumer-grade DJI Phantom 3 Advanced UAV
(Figure 3a). The Phantom 3 Advanced has an integrated
12.4 megapixel SONY EXMOR sensor with a 3.61 mm fo-
cal length (20 mm equivalent), a maximum electronic shut-
ter speed of 1/8000 s, and an onboard GPS receiver, which
automatically writes location data to the exchangeable im-
age format (EXIF) tag of each acquired image. Flying mass
is 1.3 kg. Survey and flight-line planning were managed us-
ing DroneDeploy software. DroneDeploy was chosen due
to its ability to store offline planning imagery for use in the
field. Given the constraint of visual line-of-sight operation,
maximum UAV-to-operator distance was found to be ap-
proximately 500 m, resulting in a maximum survey area of
approximately 20 ha without relocation.

Flight parameters were set at values of 50 m altitude and
4 m/s maximum speed. Flight altitude was chosen based on
multiple flights at 30 m, 50 m and 70 m. At a low flight alti-
tude, ground resolution improved but image quality was re-
duced. Processing time also increased due to the larger

dataset. At a high flight altitude, image
quality improved and processing time was
reduced but resolution was compromised.
A flight altitude of 50 m, with a nominal
ground surface distance (GSD) of 2 cm per
pixel directly below the aircraft, achieved a
compromise between image quality and
resolution. The maximum speed was cho-
sen to ensure vertical camera positioning
and precise image capture, while managing
battery lifespan. Subsequent processing re-
vealed that the chosen flight speed necessi-
tated the use of a rolling shutter correction
(see below). Image overlap values of 70%
sidelap and 80% frontlap provided good
coverage and high quality of the image
dataset, and were not adjusted.

Ground control points (GCPs) were ac-
quired using a dual-frequency NovAtel
Inc. SMART6TM survey-grade dual-fre-
quency global navigation satellite system
(GNSS) receiver (Table 1). Raw code and
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Figure 1: Geographic location of Rankin Inlet and permafrost dis-
tribution in the Kivalliq Region of Nunavut (after Heginbottom et al.,
1995).

Figure 2: Location of study sites in the vicinity of Rankin Inlet, Nunavut and within
Iqalugaarjuup Nunanga Territorial Park (INTP). Digital topographic data licensed un-
der the Open Government Licence – Canada.



phase data were acquired using a versatile and low-cost
data logger based on a Raspberry Pi microcomputer (Fig-
ure 3b). The data were post-processed using the precise-
point-positioning (PPP) service provided by Natural Re-
sources Canada. Acquisition times of approximately two
hours per GCP resulted in average PPP errors of less than
4 cm at 95% confidence (two standard deviations) in both
the horizontal and vertical directions. A total of 17 GCPs
were acquired in June 2017: three at site INTP and seven at
each of sites RI03 and RI05 (Figure 2). Ground control
points were located in areas of expected low seasonal
ground displacement with the intent of repeated usage
without reacquisition of GNSS data. In general, large rocks
were used as ‘permanent’ control point markers (Fig-
ure 3b). A total of eight GCPs were reacquired in Septem-
ber 2017 (four at each of sites RI03 and RI05) to check re-
peatability error, and to provide an independent measure of
seasonal ground displacement (if possible within the mar-
gin of error). In most cases, the difference between June
and September GCPs was found to be less than or equal to
the statistical error of acquisition. Only for GCP09 (site

RI05) is there GNSS-observed subsidence (7 cm) that
exceeds the level of statistical error (Table 1).

The SfM photogrammetry processing was performed using
Pix4D Mapper software, which uses proprietary ‘block
bundle adjustment’ algorithms to construct a composite
orthomosaic and a 3-D digital surface model (DSM) from
an image dataset (e.g., Westoby et al., 2012). For image
datasets, Pix4D quality reports were checked in the field to
ensure that there was enough visual content in the images
for processing, that the images could be calibrated into a
single block, and that there was a large number of key point
matches. Field quality reports were used to establish flight
parameters (above) and surveys were reflown in the event
of any quality warnings for visual content, image
calibration or key point matches.

Prior to input to Pix4D for SfM processing, the image
datasets were manually examined to delete individual im-
ages that were not centred at nadir, not at the requested
flight altitude, showed the propeller or any part of the UAV,
or exhibited excessive noise of any form, such as blurriness
or poor colour. Once the clean dataset was ready, the Pix4D
processing flow used was standard. The image dataset was
uploaded and the co-ordinate system, flight lines and geo-
location were checked. The GCPs were added and marked
on at least 6–10 images; updated September GCPs were
used where available. The GCPs were incorporated within
the bundle adjustment to generate a DSM that honoured the
GCPs within error levels. Key points were automatically
matched, along with full automatic calibration of internal
(focal length, radial distortion, rolling shutter) and external
(rotation, position) camera properties. The 3-D point cloud
was produced at half-scale density (approximately 4 cm
GSD) and output orthomosaic and DSM resolution was
equal to the point cloud GSD with medium surface smooth-
ing. Due to the general ground-cover nature of the vegeta-
tion in the study area, the output DSM, a triangulated fit to
the point cloud, was treated as the ground surface DEM
without any further processing to strip vegetation. More in-
tensive filtering of the DSM surface would correct for
small, isolated regions of higher vegetation, but the occur-
rence of any pervasive high vegetation, such as willows,
would need to be accounted for in generating a ground
surface DEM (e.g., Peppa et al., 2016).

Processing quality reports were used to ensure that the opti-
mized camera parameters were close to the camera specifi-
cations, and that the average horizontal error of GCP loca-
tion was less than the average GSD. In general, camera
optimization resulted in the greatest occurrence of quality
warnings during processing. With a consumer-grade UAV,
such as the Phantom 3 Advanced, optimization of the cam-
era parameters will almost always be required due to fac-
tors such as temperature and vibration (Pix4D SA, 2017).
Camera quality issues were solved by removing images
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Figure 3: a) Preparing for a survey flight with the DJI Phantom 3
Advanced unmanned aerial vehicle within Iqalugaarjuup Nunanga
Territorial Park. b) Surveying a ground control point with a global
navigation satellite system (GNSS) receiver and Raspberry Pi data
logger at site RI05 in the vicinity of Rankin Inlet, Nunavut.



composed predominantly of water as it obfuscates key
point matching. Furthermore, for the camera type and the
flight speeds recorded in the field, it was determined that a
rolling shutter correction was required for all surveys to
achieve acceptable camera quality due to relative motion
between the camera and the ground during acquisition of
each individual image (Vautherin et al., 2016).

Results

Results of UAV surveys are presented sequentially for sites
INTP, RI03 and RI05. For site INTP, no independent high-
resolution topographic or ground displacement data are
available. Accordingly, site INTP is assessed in terms of the
value and utility of the UAV orthomosaic and DEM for gen-
eral reconnaissance of landscape conditions and geomor-
phological interpretation in permafrost terrain. For sites
RI03 and RI05, UAV results are compared to high-resolu-
tion satellite imagery (WorldView-1 with 50 cm GSD) and
an independent digital terrain model (DTM) at 1 m resolu-
tion and 30 cm vertical accuracy generated by PhotoSat In-
formation Ltd. from stereo WorldView images. For site
RI05, UAV differential DEM results from June and Sep-
tember are compared to ground displacement measure-
ments obtained from DInSAR processing of RADARSAT-

2 Spotlight data from June to September, 2017 at 1.2 m
resolution with a change detection limit of ±1 cm (e.g.,
Short et al., 2016).

Site INTP

The UAV orthomosaic and DEM for site INTP are shown in
Figure 4. The GCPs are matched with a mean vertical accu-
racy of 7 cm (8 cm root mean square [RMS]) with 3 cm stan-
dard deviation, but error is expected to increase away from
the GCPs. The vehicle, operators and yellow field box are
clearly resolved in the orthomosaic and DEM. The horizon-
tal dimensions of the field box are 50 by 60 cm (Figure 3a)
and the box height of 22 cm is recovered as approximately
25 cm above the surrounding ground, although the recov-
ered shape is somewhat spread out (Figure 5).

At the resolution of the UAV images (4 cm GSD), individ-
ual sedge hummocks and boulders can be resolved, along
with large- and small-scale polygonal networks. The boul-
dery ground cover, different types of vegetation and surface
water conditions are all readily apparent from the orthomo-
saic (Figure 4a). In addition, periglacial features such as so-
lifluction lobes and ice-wedge troughs can be interpreted
from the orthomosaic. However, these features are associ-
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Table 1: Ground control point (GCP) locations, statistical acquisition errors and repeatability, Rankin Inlet area,
Nunavut. For GCP01, the rock marker was moved between June and September. For GCP05, the receiver was

misplaced off-centre in September. Locations are reported with 95% confidence interval (2σ). Projection and ver-
tical datum: UTM Zone 15N, NAD83 (Canadian Spatial Reference System) Canadian Geodetic Vertical Datum of

1928 (Height transformation version 2.0). Abbreviations: σ, standard deviation; Δz, difference in elevation; E,
easting; N, northing.



ated with microtopography and they are much more appar-
ent on the shaded relief DEM (Figure 4b). In particular, a
series of solifluction lobes associated with historical peri-
glacial mass movement is highlighted by the DEM
(Figure 4d).

The surficial geology of Rankin Inlet was mapped at a scale
of 1:15 000 from 1969 airphotos (McMartin, 2002). At this

scale, glaciofluvial deposits and some solifluction lobes
and ice-wedge troughs could be mapped. However, the
UAV DEM allows for refinement of the surficial geological
map and the geomorphological interpretation. The bound-
aries between the ice-contact stratified deposits (esker crest
and coarse sediments), the distal fine-grained facies of the
subaqueous outwash deposits and the glaciofluvial sedi-
ments are more clearly defined on the orthomosaic and
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Figure 4: Site INTP, Iqalugaarjuup Nunanga Territorial Park, Nunavut. a) Unmanned aerial vehicle (UAV) orthomosaic, June 29, 2017.
Black lines are flight lines and black crosses are ground control points. The white box depicts the location of subregion 4c). b) Shaded relief
rendering of UAV digital elevation model. The white box depicts location of subregion 4d). c) Orthomosaic showing mudboils and surficial
geology interpretation. d) Digital elevation model showing solifluction lobes.



DEM and form a sequence of coarse-fine-coarse sediments
from the centre of the esker toward the east (Figure 4c, d).
Solifluction lobes are confined to the fine-grained subaque-
ous outwash deposits. Barely visible on airphotos, mud-
boils are evident on the orthomosaic (Figure 4c) and sup-

port the interpretation of the distribution of the fine-grained
facies.

Site RI03

The UAV orthomosaic and DEM for site RI03 are com-
pared to the WorldView-1 satellite imagery and the derived
commercial DTM product (Figure 6). For the UAV DEM,
the GCPs are matched with a mean vertical accuracy of
3 cm (4 cm RMS) with 3 cm standard deviation. Although
ice wedges and hummocky ground can be interpreted from
the WorldView-1 imagery, these features are not carried
over to the DTM due to the resolution limitation. More sur-
prisingly, the access trail is not well represented by the
DTM, despite having a width of 6–8 m. In contrast, hum-
mocky ground and ice-wedge troughs of less than 1 m
across are readily interpreted from the UAV orthomosaic
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Figure 5: Elevation profiles through the yellow field box (Figure 3a)
in east to west and north to south directions (site INTP, Iqa-
lugaarjuup Nunanga Territorial Park, Nunavut). The field box has
dimensions of 50 by 60 by 22 cm.

Figure 6: Site RI03, Rankin Inlet area, Nunavut. a) WorldView-1 satellite image, August 8, 2012. b) Shaded relief rendering of Photosat dig-
ital terrain model with elevation contour lines (m asl). c) Unmanned aerial vehicle (UAV) orthomosaic, September 7, 2017. Black lines are
flight lines and black crosses are ground control point locations. d) Shaded relief rendering of UAV digital elevation model.



and DEM, and microtopography within individual ice-
wedge furrows can also be detected due to increased vege-
tation height (e.g., Oldenborger et al., 2017). The SfM pro-
cessing also recovers topography under water where auto-
matic key point matches are reliable. However, the validity
of this topography cannot be verified, and it is removed
from subsequent analysis using a water mask (Figure 7).
Although the UAV DEM appears noisy at the native GSD,
this is due to the high resolution, and it can be filtered and/
or resampled at any desired scale.

The UAV DEM was resampled (using linear interpolation)
to the resolution of the DTM so that elevations could be
compared directly (Figure 7). The correlation between the
DTM and the resampled UAV DEM is nearly 1:1 (Fig-
ure 7a). At the seven GCPs, the mean elevation discrepancy
is 0.98 m (1.00 m RMS) with 0.22 m standard deviation.
Away from the CGPs, the elevation discrepancy increases
systematically (Figure 7b). There is no meaningful correla-
tion between elevation discrepancy and elevation either at
the GCPs or over the entire DEM, for which the mean dis-
crepancy is 1.06 m (1.15 m RMS) with 0.46 m standard
deviation.

Site RI05

The UAV orthomosaic and DEM for site RI05 are com-
pared to the WorldView-1 satellite imagery and the derived
commercial DTM product (Figure 8). One of the GCPs
(GCP11) is not seen in the UAV image set. Another GCP
(GCP10) is seen in multiple images, and was used in SfM
processing, but was subsequently trimmed to eliminate
edge effects. With these exceptions, the UAV DEM
matches the GCPs with a mean vertical accuracy of 0.08 m
(0.10 m RMS) with 0.07 m standard deviation. In compari-
son, the DTM matches the GCPs with a mean vertical accu-
racy of 1.32 m (1.33 m RMS) with 0.15 m standard
deviation.

When the UAV DEM is resampled (using linear interpola-
tion) to the resolution of the DTM, the correlation is again
nearly 1:1 (Figure 9a). The mean elevation discrepancy at
the GCPs is 1.26 m (1.27 m RMS) with 0.13 m standard de-
viation. Over the entire DEM, the mean discrepancy is
1.31 m (1.54 m RMS) with 0.81 m standard deviation.
Again, there is no meaningful correlation between eleva-
tion discrepancy and elevation. As with site RI03, the dis-
crepancy increases systematically away from the CGPs, to
the northeast for site RI03 and the south for site RI05 (Fig-
ures 7b, 9b). However, at site RI05, there is also a trend of
high-low-high discrepancy from the eastern to the western
edge of the survey area (Figure 9b). Some of the discrepan-
cies between the elevation models are real as exhibited by
the appearance of the distinct ice-wedge troughs in Fig-
ure 9b. The troughs are apparent in the WorldView image
(primarily due to ponded water), but do not carry over to the
DTM. In contrast, the troughs, including ponded water and
variations in vegetation, are well imaged in the UAV ortho-
mosaic, and are clearly apparent in the UAV DEM.

Figure 10 shows the seasonal ground displacement maps
(June–September) created by DInSAR processing of
RADARSAT-2 data and by UAV differential DEM. At the
site scale, there is very little apparent correspondence be-
tween the two maps. The DInSAR map exhibits some geo-
logical control, and a correspondence to electrical conduc-
tivity and unfrozen moisture content (Oldenborger et al.,
2018). However, the UAV differential DEM shows a clear
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Figure 7: Site RI03, Rankin Inlet area, Nunavut. a) Comparison of
digital terrain model (DTM) and resampled unmanned aerial vehi-
cle (UAV) digital elevation model (DEM). b) Distribution of eleva-
tion discrepancy. Both datasets have had a water mask applied
based on Figure 6c.



bowl-shaped effect of high positive displacement on the pe-
riphery of the site and high negative displacement at the
centre, which is an artefact of spatially variable error. Nev-
ertheless, there appears to be meaningful information in the
UAV differential DEM. Figure 11 shows a 50 by 50 m area
of site RI05 near GCP09 where GNSS measurements indi-
cate 7 cm of seasonal ground displacement (Table 1). Ap-
proximately 20 m away from GCP09, -6.5 cm of seasonal
ground displacement was measured independently from
June to September 2018 using a heave sleeve (Figure 11a).
At the heave sleeve location, the 2017 seasonal ground dis-
placements from DInSAR and the UAV differential DEM
are in good agreement with each other, at -5.7 and -6.0 cm,

respectively, and with the independent measurement of
2018 seasonal ground displacement from the heave sleeve.
Furthermore, the general pattern of displacement is similar,
considering the increased detail of the UAV differential
DEM despite resampling.

Discussion

The UAV image fidelity is superb, with approximately 4 cm
GSD easily achieved for the study area, with average hori-
zontal location accuracy less than GSD at GCPs and no ap-
parent distortion away from the edges of the orthomosaics
(e.g., Figures 4, 6, 8). Using the UAV orthomosaic and
DEM, periglacial features and detailed surficial geology
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Figure 8: Site RI05, Rankin Inlet area, Nunavut. a) WorldView-1 satellite image, August 18, 2012. b) Shaded relief rendering of Photosat
digital terrain model with elevation contour lines (m asl). c) Unmanned aerial vehicle (UAV) orthomosaic, September 9, 2017. Black lines
are flight lines and black crosses are ground control point locations. d) Shaded relief rendering of UAV digital elevation model.



can be mapped and interpreted, and relative microtopo-
graphy can be extracted with subdecimetre accuracy (e.g.,
Figure 5). Absolute accuracy of the UAV DEM is more dif-
ficult to quantify for this study given the limited number of
GCPs, which represent the mostly costly step of data acqui-
sition in terms of both hardware and time. At GCPs, abso-
lute vertical accuracy is subdecimetre, but this is an ex-
pected result of SfM processing. In comparison to a
commercial DTM product, the UAV DEM exhibits near 1:1
correspondence across both survey sites (RI03, RI05; Fig-
ures 7, 9). At GCPs, the UAV DEM is more accurate than

the DTM. The mean DTM error is in excess of the quoted
accuracy, but DTM error is nearly a constant offset for each
site as evidenced by a small standard deviation of discrep-
ancy that is below the quoted DTM accuracy. Offset of the
DTM at the GCPs is attributed to drift of the DTM away
from calibration benchmarks (which may be several kilo-
metres away), or offset of the benchmark itself. However,
away from the GCPs, there is a consistent increase in dis-
crepancy between the UAV DEM and the DTM that is at-
tributed to errors in the DEM (Figures 7, 9). Increasing
DEM error away from the GCPs is well-documented for
SfM processing of UAV images (e.g., Tonkin and Midgley,
2016) and is attributed to cascading errors associated with
many factors including camera specifications (focal length,
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Figure 9: Site RI05, Rankin Inlet area, Nunavut. a) Comparison of
digital terrain model (DTM) and resampled unmanned aerial vehi-
cle (UAV) digital elevation model (DEM). b) Distribution of eleva-
tion discrepancy. Both datasets have had a water mask applied
based on Figure 8c.

Figure 10: Site RI05, Rankin Inlet area, Nunavut. a) Seasonal
ground displacement from differential interferometric synthetic ap-
erture radar (DInSAR). b) Seasonal ground displacement from un-
manned aerial vehicle (UAV) differential elevation model. Black
crosses are ground control point locations. Black lines depict poly-
gon features from Figure 8.



lens distortion, shutter speed), camera orientation, flight
altitude, wind and surface roughness, with less influence
attributed to the SfM algorithm (Clapuyt et al., 2016).

In constructing the differential DEM for ground displace-
ment mapping, standard error propagation would suggest
the detection limits for change in elevation are approxi-
mately 6 and 14 cm for sites RI03 and RI05, respectively,
which are comparable to the expected magnitude of sea-
sonal ground displacement. However, the extremely vari-
able nature of the UAV DEM accuracy results in a bowl-
shaped artefact dominating the differential DEM (Fig-
ure 10b). Camera calibration errors are known to cause
domed distortion (James and Robson, 2014) and are thus
suspected to be a strong source of error for the DEM. The
error does not cancel out after differencing, suggesting that
if systematic, it is not consistent across repeated surveys.
Despite the strong artefact, closer examination of the UAV
differential DEM in the vicinity of a GCP reveals ground
displacement estimates that are in good agreement with
DInSAR, in terms of pattern and magnitude, and with an in-
dependent on-the-ground measurement. The increased de-
tail of the UAV differential DEM suggests a correspon-
dence between high displacements (subsidence), contrasts
in vegetation and active layer/permafrost processes that
need to be further examined. Meaningful information re-
sides in the UAV differential DEM that might be extracted
using more sophisticated processing such as distortion cor-
rection (James and Robson, 2014), a dense network of
pseudo-GCPs (Peppa et al., 2018) or a probabilistic differ-
ential DEM (Wheaton et al., 2010).

In terms of environmental factors of acquiring data in Can-
ada’s subarctic, wind was not generally a problem up to ap-
proximately 30 km/h, but wind gusts resulted in bad im-
ages, typically involving some part of the aircraft. Summer
temperatures did not cause operational problems with the
UAV; the control device (iPad tablet) exhibited screen
problems at near freezing temperatures, but that happened
before any perceivable influence on the UAV other than re-
duced battery life. Variable lighting and cloud cover did not
cause problems with orthomosaic or DEM construction
(e.g., Figure 4). The main cause of flight disturbance was
damaged rotors, with only minor visible damage required
for flight disturbance. Problems could be encountered with
more pronounced topography and/or taller vegetation
cover, such as willows or other shrubs.

Whereas deployment in remote terrain requires portable
hardware, better image data and DEM results would likely
be possible with a higher quality setup including a camera
with a global shutter and less lens distortion, and on-board
differential GNSS, although cost would increase signifi-
cantly. At no extra cost for advanced hardware, increasing
the amount of image overlap and including oblique camera
orientation might improve estimates of ground elevation at

Summary of Activities 2018 163

Figure 11: a) Site RI05 heave sleeve (Rankin Inlet area, Nunavut).
b) Seasonal ground displacement from differential interferometric
synthetic aperture radar (DInSAR) in the vicinity of ground control
point GCP09. c) Resampled seasonal ground displacement from
unmanned aerial vehicle (UAV) differential elevation model in the
vicinity of ground control point GCP09. Both datasets have been
masked for positive displacements greater than 1 cm in either
dataset.



the expense of increased flight and processing time (Fraser
et al., 2016). Finally, the strategy of locating GCPs in areas
of low-ground displacement likely resulted in less-than-
optimal placement. Subsequent campaigns should employ
a more distributed placement of GCPs with reacquisition of
GNSS data.

Economic considerations

The western coast of Hudson Bay is a region where land-
based infrastructure projects could significantly impact the
local economy and community welfare. Permafrost and
ground ice are important features of this landscape and can
significantly affect ground stability and infrastructure. Un-
manned aerial vehicle surveying can provide useful infor-
mation on permafrost conditions that may be used in land-
use planning to mitigate risk associated with thaw-sensitive
substrate. Small consumer-grade UAV hardware and soft-
ware may be a cost-effective tool for permafrost research in
remote or semi-remote environments, depending on study
objectives and constraints.

Conclusions

Imagery acquired using a consumer-grade UAV provides a
cost-effective means of landscape reconnaissance and per-
mafrost interpretation in remote locations. Image quality
surpasses freely available satellite alternatives, and pro-
vides a modern complement to historical airphotos (where
available). The DEMs created from SfM processing of
UAV images have subdecimetre relative accuracy over
small regions and high absolute accuracy in the immediate
vicinity of GCPs. Away from GCPs, DEM accuracy de-
grades significantly, but the DEM still provides a valuable
tool for studying relative microtopography and for inter-
pretation of surficial geology and periglacial features. Al-
though measurements at GCPs suggest decimetre to sub-
decimetre change detection, ground displacement mapping
is limited by spatially variable error suspected to result pri-
marily from camera distortion, and inadequate or incorrect
camera calibration in the SfM processing. The comparison
of UAV differential DEM results to DInSAR reveals little
correspondence at the kilometre-scale, but closer inspec-
tion in the vicinity of GCPs reveals similar displacement
patterns and good agreement with an independent measure-
ment of seasonal ground displacement.
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