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Foreword
It is with great pleasure that I am introducing the 2019 Summary of Activities, now in its eighth year of production. This volume represents the work of the Canada-Nunavut Geoscience Office’s researchers, and also includes invited papers from
other researchers conducting work in Nunavut.
In 1999, Nunavut became Canada’s third territory. The Canada-Nunavut Geoscience Office (CNGO) was established that
same year and is Nunavut’s de facto geological survey. The CNGO is a unique government entity within Canada, being comanaged and co-funded by three partners—two federal departments and the territorial Government of Nunavut (GN). The
federal departments are Natural Resources Canada (NRCan) and Crown-Indigenous Relations and Northern Affairs Canada (CIRNAC); the territorial department is Economic Development and Transportation (GN-EDT). Nunavut Tunngavik
Incorporated (NTI) is an ex-officio member of the CNGO Management Board that provides operational oversight for the
office.
The year 2020 is one in which many will reflect on Nunavut’s past and envision the future. The governments of Nunavut and
Canada signed an Agreement-in-Principle (AIP) on August 15, 2019, the intent of which is to devolve Crown lands and oil,
gas and mineral resources from the Government of Canada to the Government of Nunavut. The signatories were Aluki
Kotierk, President of NTI; Joe Savikataaq, Premier of Nunavut; and Carolyn Bennett, Minister of Crown-Indigenous Relations. A Devolution Final Agreement will be in place in two years, to be followed by drafting of the legislation needed to
bring devolution into effect in five years (2024).
What the AIP and, ultimately, devolution mean for the CNGO is that the office would be amalgamated with other
geoscientists and professionals in Nunavut who are currently responsible for Crown lands and resources. The CNGO would
merge with the CIRNAC Nunavut Regional Office and the GN-EDT, and the united entity would likely form a new department of the Government of Nunavut. Following the template of the Northwest Territories, this new department would include a newly formed Nunavut Geological Survey.
The CNGO is a small office with six professionals who provide expertise in Precambrian, Paleozoic and Quaternary geology, GIS and online geoscience-data dissemination. The office operates on annual funding from the three partners, which is
used for operation of the office. The CNGO and the GN-EDT apply for additional research funding annually from external
sources, principally the Canadian Northern Economic Development Agency (CanNor), under the Strategic Funds in Economic Development (SINED) program. This year marks the end of SINED funding sensu stricto, as CanNor moves to administer funds under its Pan-Territorial Growth Strategy. The purpose of this strategy is to help stimulate economic growth
under the vision that reflects the unique advantages of each territory.
The development of Nunavut’s mineral and petroleum resources has the potential to generate significant economic benefits
for the territory. To date, Nunavummiut have benefited significantly from past and present mine development, mineral-resource production (e.g., gold, iron, lead, zinc) and exploration. Geoscience research and knowledge of Nunavut’s geology
will allow all stakeholders in Nunavut to make sound decisions on mineral-resource development, land-use planning and
infrastructure development for Nunavut’s economy and betterment.
The mandate of the CNGO is to provide accessible geoscience information and expertise in Nunavut to support responsible
resource exploration and development, responsible infrastructure development, and geoscience education, training and
awareness. Researchers in the office initiate and conduct a wide range of geoscience research—mapping, interpreting and
reporting on the geological features and resources of Nunavut. This work is conducted commonly through collaborations
with other governments, universities, industry and communities. The aim is that the resultant data and interpretations assist
northerners by ensuring that new geoscience information is equally accessible.
The CNGO and its office partners co-manage and disseminate data through two websites (http://cngo.ca/ and http://
NunavutGeoscience.ca/). Work to migrate the websites to a new hosting platform was completed in 2019; updating of the
websites is a focus for the office in 2020. The Summary of Activities volumes and the accompanying Geoscience Data Series
disseminate the results of geological mapping (bedrock and surficial) and analytical results from sampling (rock, till, soil,
lake sediment and stream sediment).
Detailed papers—11 in total—with preliminary observations and interpretations are included in this Summary of Activities
2019 volume (also available for download at http://cngo.ca/). These papers discuss the results of research work conducted
in 2019 under three broad themes: Regional Geoscience, Geoscience for Infrastructure and Data Dissemination.
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The first six papers present results of mapping—bedrock, stratigraphic and surficial. Zhang and Pell discuss collaborative
work between the CNGO and the mineral industry (Peregrine Diamonds, now De Beers Group) on the colour alteration index (CAI) values of Late Ordovician–early Silurian microfossils (conodonts) found within carbonate xenoliths in a diamond-bearing kimberlite from the Chidliak property on Hall Peninsula, Baffin Island. Their research helps in understanding the emplacement processes and cooling history of the kimberlites.
In 2017, the CNGO identified and started a multiyear and multifaceted project concentrating on the northwestern portion of
Baffin Island between the communities of Arctic Bay and Igloolik. This Fury and Hecla Geoscience Project is led by the
CNGO and involves mapping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits
and features. Four papers discuss different aspects of this project that started with an aeromagnetic survey and continued
with mapping. The bedrock mapping components (Lebeau et al., Dufour et al., and Greenman et al.) were carried out in collaboration with geoscientists from three universities. Framework mapping (Lebeau et al.) of the rocks underlying the northern project area determined that the dominant rocks are various granitoid rocks with minor amounts of folded and sulphiderich supracrustal banded iron formation; these are intruded by locally mineralized ultramafic intrusions (some of which are
possibly of carving-stone quality) and syenogranite intrusions, and mafic and pegmatite dykes. The Fury and Hecla Basin in
the southern portion of the project area is a poorly understood remnant of the late Mesoproterozoic Bylot basins system.
Dufour et al. determined the timing of emplacement of mafic rocks of the Fury and Hecla Group in this Fury and Hecla Basin, and younger mafic intrusions. Greenman et al. updated the stratigraphy of the Fury and Hecla Group of this same basin,
resulting in a better understanding of past climatic, tectonic and biological conditions during this part of the Proterozoic.
Tremblay et al. studied the glacial sediments located north of Fury and Hecla Strait using geochemistry, heavy minerals and
sedimentological analysis to reconstruct the glacial history and evaluate the mineral potential of the sediments of this area.
The final paper under the general theme of mapping (Hodgskiss and Sterling) discusses the stratigraphy and shale geochemistry of the Belcher Group, Belcher Islands. Overall, their data provide a new perspective on the evolution of Earth’s oceans
as recorded in the Belcher Group.
Four papers discuss results from work under the theme of ‘Geoscience for Infrastructure’. LeBlanc et al. continued work in
the Rankin Inlet area that deals with lake area and shoreline changes near Rankin Inlet, Nunavut, and the interannual climate
variability and permafrost response. Normandeau et al. discuss active marine geohazards on eastern Baffin Island, and determined that the timing and location of these geohazards appear to be closely related to glacial retreat in Baffin Bay.
Tremblay et al. give an overview of the geochemical properties of the marine sediments of Koojesse Inlet. Gosse et al. discuss initial results from a seismicity and tsunami-hazard project in the fiords of northeastern Baffin Island.
The final paper of this 2019 volume is a collaborative venture led by the Northwest Territories & Nunavut Chamber of
Mines with funds from NRCan’s Geo-mapping for Energy and Minerals (GEM) program. The purpose of this work, which
resulted in the third data release of the Nunavut Assessment Drill Database (NADD), was to ‘data-mine’ drillhole data from
mineral exploration assessment files filed with CIRNAC.
Every year, it is my pleasure to present the work carried out annually by scientists of the CNGO and partners and collaborators from other organizations. I am proud of the work that CNGO and our colleagues do. I am proud of the work that Celine
Gilbert, CNGO’s GIS Specialist, does from start to finish with this annual publication. Everyone (our partners, collaborators and supporters) involved in, and with, the CNGO can share in being proud of the high-quality research presented in this
volume.
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Préface
C’est avec grand plaisir que je me permets de présenter le volume Summary of Activities 2019, série qui en est à sa huitième
année d’édition. Les articles qui suivent rendent compte des travaux effectués par les chercheurs du Bureau géoscientifique
Canada-Nunavut, ainsi que de ceux accomplis par d’autres chercheurs au Nunavut.
En 1999, le Nunavut devenait le troisième territoire du Canada. Le Bureau géoscientifique Canada-Nunavut (BGCN) a été
mis sur pied cette même année et est de fait l’organisme officiel responsable des levés géologiques au Nunavut. Il s’agit
d’une entité gouvernementale tout à fait unique en son genre puisqu’elle est gérée et subventionnée en commun par trois
partenaires, soit deux ministères fédéraux et le gouvernement territorial du Nunavut. Les ministères fédéraux en question
sont Ressources naturelles Canada et Relations Couronne-Autochtones et Affaires du Nord Canada (RCAANC); du côté du
Nunavut, il s’agit du ministère territorial du Développement économique et des Transports. La société Nunavut Tunngavik
Incorporated (NTI) participe également à titre de membre d’office et siège au Conseil d’administration du BCGN, lequel assure la surveillance opérationnelle du bureau.
L’année 2020 constituera une occasion pour certains de réfléchir aux expériences passées du Nunavut et à d’autres
d’envisager son avenir. Les gouvernements du Nunavut et du Canada ont signé une entente de principe le 15 août 2019, aux
termes de laquelle le gouvernement du Canada s’engage à confier la responsabilité des ressources pétrolières, gazières et
minérales, ainsi que des terres de la Couronne, au gouvernement du Nunavut. L’entente a été signée par Aluki Kotierk,
président de la NTI; Joe Savikataaq, premier ministre du Nunavut; et Carolyn Bennett, ministre responsable des Relations
Couronne-Autochtones et Affaires du Nord. L’entente de transfert finale sera mise en place dans deux ans, suivie de la
rédaction du texte de loi relatif au transfert afin que ce dernier puisse entrer en vigueur dans cinq ans (2024).
La mise en place de l’entente et, finalement, du transfert aura pour conséquence, au niveau du personnel du BGCN, que ce
dernier se trouvera amalgamé à d’autres géoscientifiques et professionnels du milieu au Nunavut, lesquels sont
présentement responsables de la gestion des terres de la Couronne et des ressources. Le BGCN se joindrait ainsi au Bureau
régional du Nunavut opérant conjointement avec RCAANC et le ministère du Développement et des Transports du
gouvernement du Nunavut; cette nouvelle entité deviendrait tout probablement un nouveau ministère du gouvernement du
Nunavut. À l’instar des Territoires du Nord-Ouest, c’est au sein de ce nouveau ministère que prendrait forme un nouveau
service, dans ce cas la Commission géologique du Nunavut.
Le BGCN ne dispose que de six employés dont les compétences professionnelles portent sur la géologie du Précambrien, du
Paléozoïque et du Quaternaire, ainsi que sur les systèmes d’information géographique et la diffusion de données
géoscientifiques en ligne. Le BGCN reçoit chaque année des trois partenaires le financement nécessaire aux opérations du
Bureau. Le BGCN, de concert avec le ministère du Développement économique et des Transports du Nunavut, soumet
également chaque année des demandes de fonds supplémentaires pour la recherche auprès de sources extérieures,
notamment le programme Investissements stratégiques dans le développement économique du Nord (ISDEN) dirigé par
l’Agence canadienne de développement économique du Nord (CanNor). Cette année marquera la fin, dans le sens le plus
strict, du financement reçu par le biais du programme ISDEN, alors que CanNor entreprend les démarches nécessaires pour
gérer les subventions au moyen de sa Stratégie de croissance panterritoriale. Cette stratégie a pour objet de stimuler la
croissance économique en fonction de la vision qui met en valeur les avantages spécifiques à chaque territoire.
La mise en valeur des ressources minérales et pétrolières du Nunavut risque d’entraîner des avantages économiques
considérables. Jusqu’à présent, les Nunavummiut ont nettement profité de la mise en valeur d’exploitations minières, aussi
bien anciennes qu’actuelles, de la production des ressources minières (par ex. l’or, le fer, le plomb et le zinc) et des travaux
d’exploration. La recherche géoscientifique et une meilleure connaissance des caractéristiques géologiques du Nunavut
permettront à tous les intervenants de prendre des décisions éclairées en matière de mise en valeur des ressources, de la
planification de l’utilisation des terres, ainsi que de la mise en place des infrastructures nécessaires à l’avenir de l’économie
et à l’amélioration du Nunavut.
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; 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. Ces travaux sont souvent réalisés en collaboration avec d’autres ministères gouvernementaux, des universités, le secteur industriel et des collectivités comme telles.
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Les données et interprétations qui en résultent ont pour objet d’aider les habitants du Nunavut en assurant l’égalité d’accès
aux nouveaux renseignements de nature géoscientifique.
Le BGCN et ses partenaires gèrent en commun deux sites Web (http://cngo.ca/ and http://NunavutGeoscience.ca/) grâce
auxquels ils peuvent diffuser des données. Les travaux en vue de transférer les sites Web vers une nouvelle plateforme
d'accueil ont été complétés en 2019; la mise à jour des sites sera d'ailleurs une des priorités du bureau en 2020. Les volumes
de la série Summary of Activities et la Série des données géoscientifiques permettent la diffusion des résultats de travaux de
cartographie géologique (géologie du substrat rocheux et de surface) et d'analyses effectuées sur des échantillons (roche,
till, sol, sédiments lacustres et fluviatiles).
La présente édition du volume regroupe au total 11 articles comportant des observations et des interprétations préliminaires
qui peuvent également être téléchargés depuis le http://cngo.ca/. Ces articles portent sur des résultats provenant de
recherches menées en 2019 sous l’égide de trois grands thèmes, à savoir les études géoscientifiques régionales, les études
géoscientifiques liées à l’infrastructure et la diffusion des données.
Les six premiers articles portent sur des résultats de travaux de cartographie du substrat rocheux, de la stratigraphie et de la
surface. L’article de Zhang et Pell fait état des travaux entrepris par le BGCN en collaboration avec le secteur minier (Peregrine Diamonds, maintenant De Beers Group) portant sur les indices d’altération de la couleur de microfossiles
(conodontes) datant de l’Ordovicien tardif au début du Silurien, qui ont été trouvés au sein de xénolites de calcaire récupérés
d’une unité de kimberlite diamantifère à la propriété Chidliak dans la péninsule Hall, dans l’île de Baffin. Les travaux qu’ils
ont réalisés permettent d’améliorer le niveau de connaissance au sujet de la mise en place des kimberlites et de l’historique
de leur refroidissement.
En 2017, le BGCN lançait un nouveau programme pluriannuel à plusieurs volets axé sur la partie nord-ouest de l'île de
Baffin, soit entre les collectivités d'Arctic Bay et d'Igloolik. Dans le cadre du Projet géoscientifique Fury and Hecla, le
BGCN, qui dirige le projet, procède à la cartographie et à l'échantillonnage des roches archéennes, protérozoïques et
paléozoïques, ainsi que des dépôts quaternaires en surface. Quatre articles se penchent sur divers aspects de ce projet
amorcé par un levé aéromagnétique et se poursuivant maintenant par des travaux de cartographie. Les composantes liées à la
cartographie du substrat rocheux (Lebeau et collab., Dufour et collab., et Greenman et collab.) se sont déroulées en collaboration avec des chercheurs géoscientifiques de trois universités. La cartographie du cadre géologique (Lebeau et collab.)
des roches reposant sous la partie septentrionale de la zone d'étude a permis d'établir que les roches prédominantes se
composent d'une variété de roches granitoïdes accompagnées de quelques formations ferrifères rubanées plissées et riches
en minéraux sulfurés. Ces dernières sont recoupées par endroits par des intrusions minéralisés de composition ultramafique
(dont certaines pourraient potentiellement servir de pierre à sculpter) et par des intrusions syénogranitiques, ainsi que par
des dykes pegmatitiques de composition mafique. Dans la partie méridionale de la zone d'étude, le bassin de Fury and Hecla
est un vestige largement méconnu du système de bassins de Bylot datant du Mésoprotérozoïque. Dans l'article de Dufour et
collab., les auteurs font le point sur le moment auquel aurait eu lieu la mise en place des roches mafiques du Groupe de Fury
and Hecla au sein du bassin portant le même nom, ainsi que d'intrusions mafiques plus récentes. L'article de Greenman et
collab. présente une mise à jour de la stratigraphie du Groupe de Fury and Hecla, toujours au sein de ce même bassin; cette
analyse permet une meilleure compréhension des conditions climatiques, tectoniques et biologiques ayant sévi au cours de
cette période du Protérozoïque. L'article de Tremblay et collab. fait état des résultats d'analyses géochimiques et
sédimentologiques, ainsi que de la teneur en minéraux lourds, des sédiments glaciaires d'une région gisant au nord du détroit
de Fury and Hecla; ces résultats permettent de reconstituer l'histoire glaciaire et d'évaluer le potentiel minier des sédiments
de cette région. Le dernier article portant sur la cartographie (Hodgskiss and Sterling) traite de la géochimie des schistes
argileux et de la stratigraphie du Groupe de Belcher dans les îles Belcher. De façon générale, les données recueillies
permettent de jeter un regard neuf sur l'évolution des océans terrestres, telle que préservée au sein du Groupe de Belcher.
Quatre articles présentent des résultats de travaux accomplis dans le cadre d’études géoscientifiques liées à l’infrastructure.
Le premier (LeBlanc et collab.) rend compte de la poursuite de travaux entrepris dans la région de Rankin Inlet portant sur
les changements observés au niveau de la surface et du profil du rivage des lacs à proximité de Rankin Inlet, au Nunavut,
ainsi que sur la variabilité du climat d’une année à l’autre et la réaction au niveau du pergélisol. Dans Normandeau et collab.,
les auteurs abordent le sujet des géorisques marins actifs dans la partie est de l’île de Baffin et ont pu établir que le moment et
l’endroit où se produisent ces géorisques semblent étroitement liés au retrait glaciaire dans la baie de Baffin. Un aperçu des
propriétés géochimiques des sédiments marins du bras de Koojesse fait l’objet de la présentation de Tremblay et collab.
Dans Gosse et collab., les auteurs font état des résultats initiaux découlant d’un projet cherchant à cerner les dangers que
présentent la sismicité et les tsunamis dans les fiords du nord-est de l’île de Baffin.
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Le dernier article du volume fait état d’un projet de collaboration dirigé par la Chambre des mines des Territoires du NordOuest et du Nunavut à l’aide de subventions provenant du programme de Géocartographie de l’énergie de des minéraux de
Ressources naturelles Canada. Ces travaux se sont soldés, pour la troisième fois, par la diffusion de données par le biais du
projet de base de données sur les forages d’évaluation du Nunavut, qui avait pour objet l’exploitation des données de forage
communiquées dans les rapports d’évaluation minérale transmis à RCAANC.
Chaque année, il me fait plaisir de présenter les résultats des travaux entrepris par les scientifiques du BGCN, ainsi que par
nos partenaires et collaborateurs œuvrant au sein d’autres organismes. Je suis fière du travail accompli par le personnel du
BGCN et leurs collègues. Je suis également fière du travail que Celine Gilbert, la spécialiste en systèmes d’information
géographique du BGCN, accompli sur une base annuelle en assurant, du début jusqu’à la fin, la gestion de la production de
ce volume. Il appartient à tous ceux qui font partie ou qui travaillent de concert avec le BGCN, qu’il s’agisse de nos
partenaires, de nos collaborateurs ou de nos partisans, de se sentir fiers de la recherche de haut niveau présentée dans ce
volume.
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Abstract
Hall Peninsula, located on southeastern Baffin Island, Nunavut, hosts the Chidliak kimberlite province. Precambrian rocks
currently crop out at surface, but these were covered by Ordovician and Silurian sedimentary rocks during the Late Jurassic–Early Cretaceous. The carbonate xenoliths, and the numerous conodont microfossils within them, that were recovered
from kimberlite drillcores have proved that all these sedimentary rocks were present at the time of kimberlite emplacement
(157.0–139.1 Ma) and have been subsequently removed by erosion. This study is a continuation of the work carried out
since 2013 on conodonts recovered from Hall Peninsula kimberlites and their colour alteration index. The results from
5 drillholes in kimberlite CH-06 are summarized in this paper. Of the 17 collected samples, 10 contain conodonts, from
which about 230 identifiable conodont specimens, with conodont colour alteration index values ranging between 6 and 7,
have been recovered. These provide additional data to help in understanding the kimberlite emplacement processes and
cooling history. More importantly, four early Silurian conodont species were previously unknown from Hall Peninsula, two
of which are Aeronian and Telychian in age; this provides new evidence for younger strata being present in the region.

Résumé
La péninsule Hall, située dans la partie sud-ouest de l’île de Baffin, abrite la province de kimberlites de Chidliak. Des roches
précambriennes s’y trouvent aujourd’hui exposées en surface mais ces dernières étaient recouvertes de roches
sédimentaires au cours de l’époque s’étendant de la fin du Jurassique au début du Crétacé. Les xénolites de calcaire
récupérés de sondages forés dans les unités de kimberlite, ainsi que les nombreux microfossiles de conodontes qu’ils
renferment, ont permis d’établir que ces roches sédimentaires étaient présentes au moment de la mise en place de unités de
kimberlite (de 157.0 à 139.1 Ma) mais qu’elles ont depuis disparu, enlevées par l’érosion. La présente étude s’inscrit dans le
cadre de travaux en cours depuis 2013 axés sur les conodontes provenant des kimberlites de la péninsule Hall et leurs indices
d’altération de la couleur. Dans cet article, un résumé des résultats acquis de 5 forages exécutés dans l’unité de kimberlite
CH-06 est présenté. Parmi les 17 échantillons recueillis, dont 10 contenaient des conodontes, quelque 230 spécimens de
conodontes identifiables ont pu être récupérés; l’indice d’altération de la couleur de ces derniers variait entre 6 et 7. Les
données additionnelles que ces conodontes apportent permettent d’améliorer le niveau de connaissance au sujet de la mise
en place des kimberlites et de l’historique de leur refroidissement. Fait plus important encore, quatre espèces de conodontes

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/2019/.
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datant du début du Silurien n’avaient pas été identifiées dans la péninsule Hall auparavant, dont deux appartenant aux étages
de l’Aéronien et du Télychien. Il s’agit-là de nouvelles preuves de la présence de strates plus jeunes dans la région.

Introduction
The Chidliak kimberlite province, located on Hall Peninsula, southern Baffin Island, covers an area measuring approximately 40 by 70 km (Figure 1). Precambrian rocks
crop out at surface on Hall Peninsula, but during the time of
kimberlite emplacement in the Late Jurassic and Early Cretaceous (156.7–139.1 Ma; Heaman et al., 2012), these older
rocks were covered by Upper Ordovician and lower Silurian sedimentary rocks, which have been subsequently removed by erosion. The lost geological record has been re-

constructed by studying numerous conodont microfossils
preserved in carbonate xenoliths recovered from kimberlite
drillcores (Zhang and Pell, 2013, 2014, 2016). The kimberlite emplacement temperature has been estimated by employing the conodont colour alteration index (CAI; Pell et
al., 2015, 2018).
This paper presents new conodont data collected from five
2017 drillholes in the CH-06 kimberlite, in addition to
those reported by Zhang and Pell (2013, 2014, 2016), and
focus on new evidence of younger strata being present in

Figure 1: Simplified geology of the Foxe Basin and vicinity (modified from Wheeler et al., 1997), showing the location of the Chidliak project
area (red polygon).
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the region than those previously confirmed by Zhang and
Pell (2013, 2014, 2016).

Geological setting
Hall Peninsula is divided into three major crustal tectonic
entities (from west to east): Cumberland Batholith, a belt of
Paleoproterozoic metasedimentary rocks and a gneissic
terrane named the ‘Hall Peninsula block’ (Figure 2; Scott,
1996, 1999; St-Onge et al., 2006; Whalen et al., 2010).
The Hall Peninsula block (Figure 2) comprises largely 2.92–
2.80 Ga Archean orthogneissic and supracrustal rocks. It
hosts more than seventy kimberlites discovered since 2008,
which are referred to as the Chidliak kimberlite province. A
majority of the kimberlites are pipes and have been dated as
Late Jurassic–Early Cretaceous (156.7–139.1 Ma; Heaman
et al., 2012); some steeply dipping, sheet-like bodies are also
present (Pell et al., 2013). The pipes commonly contain
sedimentary xenoliths derived from the paleosurface and
incorporated into an open vent structure.
At present, there is no Phanerozoic sedimentary cover on
Hall Peninsula, except for unconsolidated glacial deposits.
Regionally, the Paleozoic rocks are exposed west of the
Cumberland Batholith (Sanford and Grant, 2000; Zhang,
2012), farther to the northwest on Brodeur Peninsula (Nentwich and Jones, 1989), on northern Baffin Island (Trettin,
1975; Zhang, 2018), on northeastern Melville Peninsula

(Sanford, 1977; Sanford and Grant, 2000; Zhang, 2013)
and on several small islands in the northeastern and central
Foxe Basin (Figure 1). A nearly complete Paleozoic stratigraphic record was recovered by the drilling on Rowley Island in the northern Foxe Basin (Trettin, 1975). These Paleozoic rocks were deposited in the Foxe Basin and were
present on Hall Peninsula before the Late Jurassic–Early
Cretaceous when the kimberlites were emplaced, as was
proved by the conodonts discovered from the carbonate xenoliths preserved in the kimberlites on Hall Peninsula
(Zhang and Pell, 2013, 2014, 2016).

Kimberlite CH-06: new carbonate xenolith
samples and conodonts
All conodonts reported herein were recovered from the carbonate xenoliths preserved in kimberlite CH-06, which is a
pipe, 1 ha in surface area, dominated by apparent coherent
kimberlite (ACK), with lesser pyroclastic kimberlite (PK)
and coherent kimberlite (CK; Pell et al., 2013).
Zhang and Pell (2016, Table 2) reported a total of 21 conodont specimens discovered in 16 carbonate xenolith samples recovered from four drillholes in kimberlite CH-06.
These conodont specimens represent two Late Ordovician
species, Aphelognathus cf. A. divergens Sweet and
Panderodus unicostatus (Branson and Mehl), and two Late
Permian–Early Triassic species, Neogondolella sp. and

Figure 2: Simplified regional geology of southern Baffin Island (after St-Onge et al., 2006; Whalen et al., 2010), showing the location of the
Chidliak kimberlite province (green diamond).
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Neospathodus sp.; the latter two were considered the result
of cross-contamination in the lab. All of these conodonts
have CAI values ranging between 4 and 8.
Following Zhang and Pell (2016), an additional 17 carbonate xenolith samples were collected from five drillholes
(CHI-050-17-DD36, -DD38, -DD39, -DD43 and -DD44)
in kimberlite CH-06. Of 17 samples collected and processed, ten were productive for conodonts. These ten samples, which were from three (DD36, DD43 and DD44) of
the five drillholes, yielded a total of 239 recognizable conodont specimens (Table 1). Most of the samples in drillholes
DD36 and DD44 are from continuous cores through inter-

vals of side-wall collapse (or talus) deposits containing numerous large carbonate blocks measuring up to approximately 5 m in core length, and interlayered intervals of kimberlite plus small carbonate xenoliths. For example, six out
of seven samples are from interval 49.6–68.83 m in drillhole DD36, and five out of six samples are from interval
88.7–93.8 m in drillhole DD44; these two intervals contained at least seven and three large blocks, respectively
(Figure 3a), plus numerous small ones. All samples from
these intervals are white brecciated marble (Figure 3b),
which most likely was brecciated limestone before being
captured by the kimberlite. A few samples are buff-coloured, layered, recrystallized limestone (Figure 3c).

Table 1: Conodont elements recovered from three out of five drillholes in kimberlite CH-06 and their CAI values.
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Figure 3: a) Large block of white brecciated marble from interval 53–56 m in drillhole CHI-050-17-DD36. b) close-up of white brecciated
marble from interval 57.92–58.30 m in drillhole DD36. c) buff-coloured, layered, recrystallized limestone from interval 137.34–138.28 m in
drillhole CHI-050-17-DD43.

Conodonts from kimberlite CH-06 and new
insight into reconstruction of Paleozoic
stratigraphy on Hall Peninsula
Zhang and Pell (2014) reported more than 1300 conodont
specimens representing 32 species of Late Ordovician–
early Silurian (Llandovery) ages from carbonate xenoliths
preserved in kimberlites on Hall Peninsula. Based on these
conodonts, the lower Paleozoic stratigraphic units, including the Upper Ordovician Frobisher Bay, Amadjuak,
Akpatok and Foster Bay formations, and the lower Silurian
Severn River Formation, were reconstructed on the Paleozoic-barren Hall Peninsula (Figure 4).
The lower Silurian (Llandovery) is divided into Rhuddanian, Aeronian, and Telychian. Several early Silurian conodonts recovered from the carbonate xenoliths in Chidliak
kimberlites on Hall Peninsula are from the Severn River
Formation, with an age of Rhuddanian and possibly Aeronian (Zhang and Pell, 2014). This conclusion was based on
conodonts Ozarkodina elibata (Pollock, Rexroad and
Nicoll), O. hassi (Pollock, Rexroad and Nicoll), Oulodus
jeannae Schönlaub, O. panuarensis (Bischoff) and Pterospathodus? originalis Zhang and Barnes, as well as two indeterminate species of Distomodus Branson and Branson.
Almost all these species were recovered from drillhole
CHI-050-11-DD16 in kimberlite CH-06 (Zhang and Pell,
2014).
Most of conodonts among the 239 recovered specimens are
Late Ordovician species (Table 1), which were reported
from the previous studies (Zhang and Pell, 2013, 2014,
2016). Only 16 specimens are recognized as early Silurian
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conodont species (Table 1): Aulacognathus bullatus
(Nicoll and Rexroad; Figure 5b), Distomodus staurognathoides (Walliser; Figure 5a), Kockelella? manitoulinensis (Pollock, Rexroad and Nicoll; Figure 5c) and
Ozarkodina cf. O. hassi (Pollock, Rexroad and Nicoll; Figure 5e–g) were not reported from the earlier studies (Zhang
and Pell, 2013, 2014, 2016). All these species were recovered from sample SZ17-050-02 from drillhole CHI-05017-DD36 and sample SZ17-050-14 from drillhole CHI050-17-DD44 (Table 1). Among these species,
• Distomodus staurognathoides is a nominate species of

D. staurognathoides Zone across the boundary between
upper Aeronian and lower Telychian (Figure 4), but it
can extend upward into the Pterospathodus a. amorphognathoides Zone at the top of the Telychian (Barrick
and Klapper, 1976; Clark et al., 1981) and even into the
lowermost Wenlock (Sweet, 1988; Bancroft et al.,
2015).
• Aulacognathus bullatus is not a zonal species, but it has

a narrower stratigraphic distribution than that of D.
staurognathoides. It is only restricted in the Pterospathodus amorphognathoides angulatus Zone in the Baltic
(Männik, 2007) and Arctic (Zhang et al., 2017) areas but
extends lower in the Pterospathodus eopennatus Zone
in the state of Iowa (Waid and Cramer, 2017) and in the
Pt. celloni–Pt. eopennatus Zone in both the Severn
River and Ekwan River formations in the Hudson Bay
area (Zhang and Barnes, 2007). Therefore, the total
known stratigraphic distribution of the species covers
both Pt. eopennatus and Pt. a. angulatus zones in the
Telychian.
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Figure 4: Upper Ordovician and lower Silurian stratigraphy reconstructed based on the Late Ordovician and early Silurian conodonts from
the carbonate xenoliths preserved in the kimberlites on the Hall Peninsula, and its correlation within the Late Ordovician and early Silurian
chronostratigraphic framework. The shaded interval is reconstructed based on the new conodont data in this paper, and the remainder is
based on Zhang and Pell (2014). For the Late Ordovician part, Geological Time Scale (GTS; second column from left) is after Cooper and
Sadler (2012); British (third column from left) and North American series and stages (fourth and fifth columns from left) are adopted from
Webby et al. (2004). For the Llandovery, GTS is after Melchin et al. (2012). The Late Ordovician and Llandovery conodont zones are from
Cooper and Sadler (2012) and Melchin et al. (2012), respectively. Abbreviations: Fm., Formation; HI, Hirnantian; PEN., Peninsula; W, Wenlock. Unit for the numbers on the left is Ma.

Figure 5: a) Distomodus staurognathoides (Walliser); upper view of Pa element; NUFV 2154; from sample 14 in drillhole DD44.
b) Aulacognathus bullatus (Nicoll and Rexroad); upper view of Pa element; NUFV 2155; from sample 14 in drillhole DD44. c) Kockelella?
manitoulinensis (Pollock, Rexroad and Nicoll); c and c’, outer lateral and under views of Pa element, respectively; NUFV 2156; from sample
02 in drillhole DD36. d) Oulodus sp.; posterior view of M element; NUFV 2157; from sample 13 in drillhole DD44. e–g) Ozarkodina cf.
O. hassi (Pollock, Rexroad and Nicoll); e) lateral view of Pb element, NUFV 2158; f) inner lateral view of Sc element, NUFV 2159; g) lateral
view of Pa element, NUFV 2160; from sample 14 in drillhole DD44. h) Panderodus liratus Nowlan and Barnes; inner lateral view of asymmetric graciliform element; NUFV 2161. i) Panderodus unicostatus (Branson and Mehl); outer lateral view of compressiform element;
NUFV 2162. j) Phragmodus undatus Branson and Mehl; outer lateral view of P element; NUFV2163. k) Panderodus breviusculus Barnes;
outer lateral view of compressiform element; NUFV 2164. l) Drepanoistodus suberectus (Branson and Mehl); inner lateral view of
homocurvatiform element; NUFV 2165. m–n) Belodina confluens Sweet; m) outer lateral view of eobelodiniform element, NUFV 2166;
n) outer lateral view of grandiform element, NUFV 2167. o–p) Culumbodina penna Sweet; o) and o’) inner and outer lateral views of
subtriangular element; NUFV 2168; p) and p’) inner and outer lateral views of L-shaped element; NUFV 2169. Conodont elements in
parts h–p) are from sample 17 in drillhole DD44. Conodont elements in parts a–g and h–p have CAI values 6–6.5 and 7, respectively. All
sample numbers have a prefix SZ17-050; all drillholes have a prefix CHI-050-17. Scale bars: 0.25 mm. All illustrated specimens are curated
in the Canadian Museum of Nature.
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These two newly discovered conodont species suggest that
Silurian strata on the Hall Peninsula were deposited until at
least the Telychian of Llandovery (Figure 4), and possibly
the earliest Wenlock. This is the first time that Aeronian and
Telychian conodonts have been discovered in the Foxe Basin area, thus proving that Silurian strata in Foxe Basin area
were deposited not only during the Rhuddanian (documented by Zhang and Pell, 2014) but also during the
Aeronian and Telychian. Considering that they occur in
both the Severn River and Ekwan River formations in the
Hudson Bay area (Zhang and Barnes, 2007), the Silurian
strata probably include not only the Severn River Formation but also the Ekwan River Formation in the Foxe Basin
area (Figure 4).

Conodont CAI values and their implications
The conodont CAI is a tool used in estimating the maximum temperature reached by a sedimentary rock using
thermal alteration of conodont fossils. When temperature
increases from 50–80°C to more than 800°C, the conodont
colour can change from amber to brown, black, grey, white
and finally transparent, with the colours indexed as 1–8
(Epstein et al., 1977; Harris, 1981). All conodonts from
kimberlite CH-06 reported herein have grey and white
colours, corresponding with CAI values of 6–7 (Table 1;
Figure 5), which are within the range previously reported
for CH-06 (from 6 to 7–8; Pell et al., 2018). These CAI values were obtained not only from depths as great as 391.3 m
(SZ17-050-17) but also from a depth of only 50.75 m
(SZ17-050-02); therefore, the CAI values are not depth
dependent in this case.
The carbonate xenoliths in pipes dominated by apparent coherent kimberlite (ACK), such as CH-06, have a distinct
CAI mode of 6–6.5, similar to the pyroclastic-dominated
pipes. However, some xenoliths from ACKs record the
highest CAI values observed at Chidliak, up to 7–8 (Zhang
and Pell, 2016); these CAI values indicate that the xenoliths
were heated to temperatures of 780°C to >960°C, which is
hotter than seen in the majority of pyroclastic (PK) deposits. The ACKs are interpreted as welded or agglutinated deposits, so the CAI values recorded by the entrained xenoliths constrain the minimum temperatures required for
welding within kimberlite pipe deposits. Material deposited at temperatures less than ~700°C apparently does not
weld, whereas deposition at temperatures in excess of 700°C
facilitates welding and formation of clastogenic kimberlite
deposits (Pell et al., 2015, 2018).

Economic considerations
The CH-06 kimberlite contains an NI 43-101 Inferred Mineral Resource of 17.96 million carats of diamonds in
7.46 million tonnes of ore, at an average grade of 2.41 carats per tonne to a depth of 525 m below surface (Fitzgerald
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et al., 2018). Additional to the discoveries of Zhang and
Pell (2013, 2014, 2016), conodonts recovered from carbonate xenoliths in kimberlite CH-06 provide new insight into
the Paleozoic depositional history of the Foxe Basin, providing direct evidence for the Ordovician and Silurian
strata that existed on Hall Peninsula at the time of
kimberlite emplacement (Zhang and Pell, 2013, 2014,
2016). This allows for a reliable and economic way to reconstruct the Paleozoic stratigraphy and the amount of
kimberlite and other rock cover that was subsequently lost
to the erosion. The new CAI data further the understanding
of the kimberlites’ emplacement and postemplacement history, and allow estimates of the minimum temperature of
emplacement (Pell et al., 2015, 2018), which furthers the
understanding of this mineral deposit.

Conclusions
A total of 239 conodont specimens were recovered from
10 productive carbonate xenolith samples out of the 17
samples collected and processed from five drillholes in
kimberlite CH-06. All of these conodonts have CAI values
of 6–7. Among them, four Silurian species had not previously been found in this area, thus providing new evidence
that
• strata with an age of Aeronian and Telychian, younger
than the Late Ordovician and Rhuddanian of early Silurian ages, occurred on Hall Peninsula prior to the
kimberlites’ emplacement;
• the strata of early Silurian age had been deposited in Foxe
Basin during the entire early Silurian (i.e., Rhuddanian,
Aeronian and Telychian), including the Severn River
Formation and possibly the Ekwan River Formation; if
any strata younger than these existed in Foxe Basin, no
evidence has been found so far; and
• the conodont CAI values of 6–7 are within the range
previously reported for CH-06; CAI values of 7 are
higher than observed in PK deposits at Chidliak and provide some constraints on the minimum temperature required for welding (i.e., deposition at temperatures in
excess of 700°C facilitates welding and formation of
clastogenic kimberlite deposits).
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Abstract
The 2019 Fury and Hecla Geoscience Project involved a five-week field program of geological mapping and sampling. The
project area is located between the communities of Arctic Bay and Igloolik, Nunavut. The bedrock geology observed comprises Archean granodioritic-monzogranitic-tonalitic-quartz dioritic orthogneiss basement, felsic intrusions of foliated
granodiorite-monzogranite and porphyritic to porphyroclastic monzogranite, a supracrustal screen of folded and sulphiderich banded iron formation, locally mineralized ultramafic intrusions (some of which are possibly of carving stone quality),
weakly foliated to massive syenogranite intrusions, northwest-trending gabbroic mafic dykes, and ubiquitous syenogranite
pegmatite dykes.
The structural geology of the basement orthogneiss is highly complex and subdivided into areas of straight-banded gneiss
that dips steeply east and westward within regional antiforms and synforms, metatexite migmatite with folded and contorted
gneissic banding, and diatexite migmatite with no original structure preserved and dominated by leucosome. Ubiquitous
amphibole in the orthogneiss melanocratic bands and mafic enclaves suggests regional amphibolite-facies metamorphism.
Alteration in the area is dominantly potassic along fracture planes, with subordinate epidote and chlorite. Mineralized and
polydeformed iron formation, and showings of malachite, are being investigated for their economic potential.

Résumé
La saison de travaux d’exploration de 2019 entreprise dans le cadre du projet géoscientifique de Fury and Hecla a comporté
une période de cinq semaines consacrées à la cartographie géologique et à l’échantillonnage. La région à l’étude se situe entre les collectivités d’Arctic Bay et d’Igloolik, au Nunavut. Les observations géologiques ont porté sur des roches du socle,
lequel se composait d’orthogneiss constitué de granodiorite, de monzogranite, de tonalite et de diorite quartzique; sur des
intrusions felsiques, constituées soit de monzogranite et de granodiorite à structure feuilletée, soit de monzogranite dont la
structure varie de porphyrique à porphyroclastique; sur un panneau de roche supracrustale constitué de formation ferrifère
rubanée plissée riche en minéraux sulfurés; sur des intrusions ultramafiques minéralisées par endroits (dont certaines unités
pourraient possiblement fournir de la pierre à sculpter de qualité); sur des intrusions de syénite dont la structure varie de
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faiblement plissée à massive; sur des dykes mafiques de gabbro à orientation nord-ouest; et sur des dykes omniprésents de
pegmatite à syénogranite.
Au niveau de la géologie structurale, d’une grande complexité au départ, l’orthogneiss dont se compose le socle rocheux se
répartit en zones de gneiss à rubanement rectiligne légèrement incliné vers l’est et l’ouest au sein d’antiformes et de synformes d’expression régionale, de migmatite de type métatexite à rubanement gneissique plissé et contourné et de
migmatite de type diatexite dont la structure originale n’a pas été préservée et au sein de laquelle les leucosomes prédominent. La présence généralisée d’amphibole dans l’orthogneiss à rubans mélanocrates et dans les enclaves mafiques semble
indiquer que le degré de métamorphisme dans la région aurait atteint le niveau du faciès des amphiboles. À l’échelle de la
région, une altération de nature essentiellement potassique prévaut le long des plans de fracture, accompagnée d’un peu
d’altération en épidote et en chlorite. De la formation ferrifère minéralisée et polydéformée, ainsi que quelques indices de
malachite, font l’objet d’études en raison du potentiel économique qu’ils représentent.

Introduction
The Precambrian geology of northwestern Baffin Island remains understudied despite it being adjacent to well-endowed neighbouring areas (e.g., Mary River mine, northeastern Baffin Island; Naujaat diamond project, Melville
Peninsula; Figure 1). Previous work in the region is minimal and limited to reconnaissance-scale bedrock mapping
from the years 1958 to 1998. Blackadar (1958) created a
1:500 000 scale map that outlined surficial cover, Proterozoic sedimentary rock and undifferentiated Archean gneiss
with supracrustal rock units. Chandler et al. (1980), Chandler (1988), and Ciesielski and Maley (1980) presented
more refined geological maps that differentiate gneiss,
granite and mafic dykes, as well as sedimentary formations
in the Fury and Hecla Basin. In addition, Chandler et al.
(1980) and Chandler (1988) completed a radiometric survey of the crystalline bedrock north of the Fury and Hecla
Basin, targeting potential uranium mineralization. The
studies by Chandler et al. (1980), Chandler (1988), and
Ciesielski and Maley (1980) focused only on bedrock south
of Gifford River, leaving all bedrock northward up to Admiralty Inlet unmapped (Figure 2). Later, Scott and
de Kemp (1998) created a 1:500 000 scale bedrock compilation map of northern Baffin Island and Melville Peninsula
that encapsulated the work of Chandler et al. (1980), Chandler (1988), and Ciesielski and Maley (1980). However, all
the bedrock surrounding southern Admiralty Inlet and Jungersen Bay (see Figure 2 for locations) was represented as
undifferentiated granitoid rock. Hence, the mapping carried out for the Fury and Hecla Geoscience Project (FHGP)
will fill a large gap in our knowledge of Nunavut’s geology.
The FHGP is a collaborative, multiyear initiative between
the Canada-Nunavut Geoscience Office (CNGO), CrownIndigenous Relations and Northern Affairs Canada
(CIRNAC), Laurentian University, McGill University, and
Université du Québec à Montréal. The aim of this joint project is to contribute new geoscience information about an
understudied and underexplored area of the Canadian
Shield. The study area includes all or parts of nine
1:250 000 scale National Topographic System (NTS) map
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areas (NTS 37C, F, 47C–H and 48A) located north of Fury
and Hecla Strait on northwestern Baffin Island and south of
the strait on Melville Peninsula (Figure 2). Aeromagnetic
surveys were flown over the FHGP study area in 2017–
2018 and again in 2019, at 400 m line spacing (Steenkamp,
2018a–h; Lebeau, 2019a–g; Figure 3). Fieldwork for the
FHGP commenced in 2018, with mapping programs in the
Fury and Hecla Basin and in the adjacent crystalline bedrock (Bovingdon et al., 2018; Greenman et al., 2018;
Patzke et al., 2018; Steenkamp et al., 2018). Lithogeochemical, U-Pb zircon-baddeleyite geochronological and assay
(Au, Pt, Pd) analyses were completed on selected samples,
to differentiate and date crystalline bedrock units and assess their economic potential. In addition, Rh-Os and detrital zircon geochronological analyses of rocks from the Fury
and Hecla Group were completed, to characterize Precambrian sedimentary environments; analytical results are
pending. Crystalline bedrock mapping and surficial sampling continued in 2019 farther north of the 2018 field area,
up to ~50 km north of Jungersen Bay, Admiralty Inlet (Figure 2). Mapping was also carried out on the northern tip of
Melville Peninsula, to continue the study of the Fury and
Hecla Group.

Regional and local geological setting
Northwestern Baffin Island lies within the northern Rae craton of the western Churchill Province (Hoffman, 1988;
Jackson and Berman, 2000; Young et al., 2004; Figure 1).
The western Churchill Province has been proposed to be a
part of many early supercontinents, however, the Churchill
Province, and consequently the Rae craton, has recently
been related to a Paleoproterozoic supercraton named
Nunavutia that amalgamated between 2.55 and 2.45 Ga
(Berman et al., 2013; Pehrsson et al., 2013a, b). The Rae
craton includes most of mainland Nunavut and the northern
parts of Baffin Island, and generally consists of reworked
tonalitic to granitic orthogneiss and northeast-trending
greenschist- to upper-amphibolite–facies greenstone belts
(Hoffman, 1997; Jackson and Berman, 2000; Perhsson et
al., 2013a, b; Sanborn-Barrie et al., 2014). Several orogenies have affected the Rae craton, including the MacQuoid
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Figure 1: Simplified geology of the western Churchill Province (in dark blue) modified from Jackson and Berman (2000),
Berman et al. (2005) and Peterson et al. (2010). The red box outlines the area covered by the Fury and Hecla
Geoscience Project, with the Fury and Hecla sedimentary basin in light yellow (the basin sediments are also present locally on the northern shores of Melville Peninsula). Inset map shows location of western Churchill Province within Canada. The locations of major tectonic zones (tz) and orogens that affected the western Churchill Province are noted. Abbreviations: BP, Boothia Peninsula; MP, Melville Peninsula; IF, Isortoq Fault Zone; Cb, Chesterfield block; FHS, Fury
and Hecla Strait; FHB, Fury and Hecla Basin; EB, Eqe Bay. The orange “X” represents the location of the Mary River iron
mine; the blue diamond shape shows the location of the Naujaat diamond project; and the red diamond shape is the location of the Mel diamond project.

orogeny along the southeastern margin of the Rae craton
and the Chesterfield block (ca. 2.55–2.50 Ga; Berman et
al., 2010; Pehrsson et al., 2013a, b); the Arrowsmith orogeny (ca. 2.50–2.28 Ga; Berman et al., 2005; Hartlaub et al.,
2007; Schultz et al., 2007) and the Taltson-Thelon orogeny
(ca. 2.0–1.9 Ga) along the western margin of the Rae craton
(Hoffman, 1988; Henderson et al., 1999); and the TransHudson orogeny (ca. 1.9–1.8 Ga) that sutures the Rae and
Hearne cratons to the Superior and Wyoming cratons
(Hoffman, 1988; Carson et al., 2004; Berman et al., 2005,
2010; Mahan et al., 2006; Ashton et al., 2012; Perhrsson et
al., 2013a, b). Widespread plutonism and dyke swarms
have also intruded the Rae craton, including tonalitic (ca.
2.7–2.64 Ga) and monzogranitic (ca. 2.62–2.58 Ga) plutons (Van Schmus et al., 1986; Skulski et al., 2003; Hinchey
et al., 2011), and ca. 2.19–2.15 Ga diorite (Buchan and
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Ernst, 2004), ca. 1267 Ma (Mackenzie) and ca. 723 Ma
(Franklin; Heaman et al., 1992) mafic dyke swarms.
Bedrock near the FHGP mapping area is well endowed with
metal and mineral resources. To the northeast, on Baffin Island, the Mary River iron mine, owned by Baffinland Iron
Mines Corporation, has spurred large amounts of research
to better define the iron-rich Mary River Group (Bethune
and Scammell, 2003a, b; Young et al., 2004; Johns and
Young, 2006; Saumur et al., 2017; Skipton et al., 2017). In
the north-central Baffin Island area, the Mary River Group
was deposited on Mesoarchean banded orthogneiss (ca.
2901–2892 Ma) and intruded by suites of monzogranite,
granodiorite and tonalite (ca. 2731–2706 Ma; Bethune and
Scammell, 2003a, b; Young et al., 2004; Skipton et al.,
2019). The stratigraphy of the Mary River Group com-
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prises psammite (ca. 2720 Ma), amphibolite, Algomatype oxide- and silicate-facies iron formation (mined
at the Mary River mine), quartzite (<2705 Ma), and
interbedded volcanic rocks (ca. 2830 Ma, and 2760–
2718 Ma; Young et al., 2004; Skipton et al., 2019). In
addition to the Mary River Group, supracrustal rocks
in the vicinity of the study area include the Piling
Group, which consists of marble or calcsilicate rocks
and is near the Isortoq Fault Zone (Bethune and
Scammell, 2003a, b; Figure 1).
Melville Peninsula to the south of Fury and Hecla
Strait was the focus of a multidisciplinary project carried out by the Geological Survey of Canada, partnered with the Canada-Nunavut Geoscience Office, as
part of the five-year Geo-mapping for Energy and
Minerals program (GEM; 2008–2013). The peninsula
is subdivided into four main lithotectonic domains
(from north to south): the Granulite block, comprising
Figure 2: Location of the Fury and Hecla Geoscience Project study area
granulite-facies orthogneiss and plutonic rocks with
in Nunavut (modified from Steenkamp et al., 2018). The 2018 and 2019
field mapping project areas are outlined in red. National Topographic
some supracrustal screens; the Prince Albert block,
System 1:250 000 scale areas are indicated. Abbreviations: FHS, Fury
consisting of Archean amphibolite-facies orthoand Hecla Strait; NF, Nyeboe Fiord; GR, Gifford River; EL, Erichsen Lake;
gneiss, plutonic rocks and supracrustal panels; the
JR, Jungersen River; JB, Jungersen Bay; AI, Admiralty Inlet; BI,
Berlinguet Inlet.
Paleoproterozoic Penrhyn Group, composed of variably deformed metasedimentary units; and the Resemblages were reported to the west of Nyeboe Fiord.
pulse Bay block, dominated by high-grade orthogneiss inThese comprise metabasite, biotite psammite, quartzite
truded by charnockite, with rare supracrustal cover
with muscovite and rare garnet, and semipelite. Ultramafic
(Corrigan et al., 2013). Important findings were massive
rocks composed of olivine websterite to lherzolite dissect
Ni-Cu±PGE mineralization in metaperidotite in the Prince
these assemblages and contain locally serpentinized,
Albert belt, and high-grade Ag (up to 86 g/tonne) +Zn-Cucoarse-grained pyroxene. To the east, megacrystic
Pb±Au mineralization in an Archean volcanogenic masmonzogranite and isolated metasedimentary screens were
sive sulphide–type environment (Houlé et al., 2010; Corrirecorded, including minor banded iron formation. Late
gan et al., 2013). Melville Peninsula has also been extenmafic dykes, related to the Franklin igneous event, and
sively explored for banded iron formation in the Prince
felsic pegmatite are pervasive throughout the area (SteenAlbert and Roche Bay greenstone belts. Exploration has
kamp et al., 2018).
also been carried out in the area for base metals and diamonds, with discoveries including three diamondiferous
kimberlite fields by Stornoway Diamonds (formerly
Field observations
Stornoway Diamond Corporation; Corrigan et al., 2013).
The 2019 field camp was located along Gifford River (see
Presently, only North Arrow Minerals Inc. is actively exlocation in Figure 4) from June 27th to August 2nd. Four to
ploring in the region (Naujaat and Mel diamond projects).
six geologists set out on daily preplanned traverses using a
Steenkamp et al. (2018) identified the different rock formaBell 206 helicopter. Samples of all rock types encountered
tions of the Fury and Hecla Basin (remapped from Chanwere collected for geochemical and geochronological analdler, 1988) as a basement of tonalitic to granodioritic orthoysis, assay, and petrographic study. All field observations
gneiss, metamorphosed supracrustal panels, mafic to
were recorded in hand-held tablets. Parameters recorded
ultramafic intrusions, K-feldspar–megacrystic monzoincluded mineral modal abundance, rock fabrics and strucgranite, massive syenogranite, pegmatitic felsic dykes and
tural measurements (taken with a Brunton Transit). Photolate mafic dykes. Steenkamp et al. (2018) described the
graphs of rock surfaces and outcrops were taken with a digorthogneiss as variably deformed with gneissic banding
ital camera. The crystalline bedrock units observed in the
and, locally, tightly folded. Discontinuous rafts and layers
field are described below, from oldest to youngest, based on
of mafic to ultramafic composition are common within the
field relationships and recent geochronological work by
basement, and several layered mafic to ultramafic bodies
Skipton et al. (2019).
intrude the orthogneiss. The larger bodies preserve alternating layers of gabbro and pyroxenite with local dissemiThe oldest unit is the Archean basement orthogneiss (Fignated sulphides (Bovingdon et al., 2018). Supracrustal asure 5a–e), which is intruded by later felsic and mafic to

14

Canada-Nunavut Geoscience Office

Figure 3: Residual total-field magnetic data from the 2017–2018 and 2019 airborne geophysical surveys. The survey covers all or parts of
National Topographic System areas 47D–H. The scale bar in the upper right corner represents the measure of magnetism of the rock, in
nanoteslas (nT). The area above the thick black line was surveyed in 2019, the area below in 2017 (Steenkamp, 2018a–h; Lebeau, 2019a–g).

ultramafic intrusions (Figures 5d and 6a, b, respectively).
Archean metasedimentary rock is largely composed of
banded iron formation (Figure 6c) with a single occurrence
of quartzite and psammite in contact with the orthogneiss.
Late syenogranite dykes, sills and plutons, Franklin mafic
dykes and pegmatites (Figure 6d–f) intrude the entire field
area. Descriptions of sedimentary units from the Fury and
Hecla Group are reported in Greenman et al. (2020) and are
therefore not discussed here.

Granodiorite-monzogranite-tonalite-quartz diorite
orthogneiss
The study area is dominated by Archean orthogneiss basement rock (Figure 5a) that is primarily granodioritic in
composition, with secondary monzogranitic, tonalitic and
quartz dioritic sections. The orthogneiss is dominantly
composed of felsic bands of quartz+K-feldspar+plagioclase, and mafic bands of biotite±amphibole±chlorite (Figure 5a, b). The basement orthogneiss contains subordinate
amounts of metatexite and diatexite migmatites. In this
study, metatexite is defined as a rock showing evidence of
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low to moderate degrees of partial melting, with easily distinguishable leucosome (melted) and paleosome
(unmelted) components (Figure 5c); a diatexite is defined
as a rock that had complete to near-complete melting,
where the melted and unmelted components are not easily
distinguishable (Figure 5d; Maxeiner et al., 2017).
Mafic and ultramafic enclaves (1–3 m in size) are present
locally in the basement hostrock and are composed of variable amounts of plagioclase, pyroxene, hornblende and biotite. The enclaves are highly strained, more so than the
host orthogneiss, and are subparallel to oblique to foliation.
This may be because the original mafic rock was deformed
before being incorporated into the present-day orthogneiss.
Steenkamp et al. (2018) described the basement orthogneiss in the southern portion of the field area as tonalitic to
granodioritic in composition, with banded to migmatitic
textures. This is similar to what was observed in the 2019
field area, however, monzogranitic compositions are also
common. Similar basement gneissic complexes have been
described for north-central Baffin Island to the east of the
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Figure 4: Preliminary geological sketch map of the 2019 Fury and Hecla Geoscience Project area, northwestern Baffin Island, Nunavut.
Rock type 1a is porphyritic to porphyroclastic monzogranite that is locally megacrystic; 1b is a banded orthogneiss with monzogranitic felsic
layers alternating with biotite±amphibole mafic layers; rock types 2b, 2c and 2d are granodiorite-monzogranite-tonalite-quartz diorite
orthogneiss with variable degrees of deformation. Abbreviations: JB, Jungersen Bay; BB, Bell Bay; BI, Berlinguet Inlet; NF, Nyeboe Fiord;
JR, Jungersen River; GR, Gifford River; EL, Erichsen Lake. The light blue diamond shape represents the location of two kimberlite sheets
discovered by De Beers Canada during exploration in 2006–2008.

Fury and Hecla field area (Bethune and Scammell, 2003a;
Saumur et al., 2017; Skipton et al., 2017, 2019).

Felsic intrusions
Granodiorite to monzogranite
Felsic intrusions are present in the central portion of the
field area (Figure 4). These intrusions are granodioritic to
monzogranitic in composition with a fabric ranging from
massive to strongly foliated. It is possible that several generations of felsic suites exist, but geochronological and
geochemical analyses would be needed to confirm this. To
the east of the FHGP field area, work by Skipton et al.
(2019) identified an extensive ca. 2731–2706 Ma felsic
plutonic suite composed of massive to foliated granodiorite
and monzogranite, and, less commonly, tonalite.
Porphyritic to porphyroclastic monzogranite to
quartz monzonite
The porphyritic to porphyroclastic monzogranite (locally
quartz monzonite) occurs as plutons in the eastern portion
of the field area, near Erichsen Lake (Figures 4, 5f). The
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porphyritic texture is defined by coarse-grained to megacrystic (up to 5 cm in length) euhedral, pink K-feldspar
crystals in a fine-grained groundmass of quartz+feldspar+
biotite. The porphyroclastic texture is defined by stretched
K-feldspar crystals with predominantly symmetric tails
(asymmetric tails are uncommon) in a fine-grained groundmass. Augen gneiss also occurs in the area, identified by intensely stretched K-feldspar megacrysts. Deformation in
the porphyritic to porphyroclastic monzogranite is variable
in intensity, and is likely a result of strain partitioning in a
zone of high strain.
In the 2018 field area, Steenkamp et al. (2018) also described megacrystic K-feldspar monzogranite and quartz
monzonite that intrude the basement orthogneiss. The
monzogranite is not described as deformed, whereas the
quartz monzonite has stretched and rotated porphyroclasts.
Megacrystic K-feldspar monzogranite is also described in
the Eqe Bay area (Scammell and Bethune, 1995), south of
Pond Inlet (Skipton et al., 2017), and northwest of Deposit
No. 4 at the Mary River mine (Skipton et al., 2019).

Canada-Nunavut Geoscience Office

Figure 5: Representative photographs of rock types and fabrics: a) outcrop of banded orthogneiss (long-handled sledgehammer for scale
is 78 cm long); b) orthogneiss with distinct melanocratic and leucocratic banding; c) metatexite with leucosome injected into amphibolite
paleosome (Brunton Transit for scale is ~18 cm); d) diatexite, with >80% of the rock composed of new, partially melted material (neosome);
e) refolded orthogneiss (geologist for scale is ~1.6 m tall); f) porphyritic monzogranite.
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Figure 6: Representative photographs of rock types: a) outcrop of serpentinized pyroxenite-peridotite with light green and rusty brown
weathering (geologist for scale is ~1.8 m tall); b) weathered surface of very coarse chlorite pseudomorphs (dark spots in light-coloured matrix); c) finely banded iron formation; d) syenogranite intruding the orthogneiss country rock concordantly and discordantly (hammer for
scale is 40 cm long); e) close-up of weathered surface of Franklin mafic dyke with subophitic texture; f) close-up of pegmatitic K-feldspar
crystal with graphic texture.
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Mafic to ultramafic intrusions
Two types of altered mafic to ultramafic intrusion were
identified in the 2019 field area. One type occurs as small,
scattered bodies of coarse-grained pyroxenite with tabular
pyroxene within a fine-grained, dark green groundmass;
the other is a single, extensive occurrence of serpentinized
metapyroxenite-peridotite (Figure 6a, b).

sections of folded, sulphide-rich, gossanous felsenmeer;
sections of felsenmeer with massive specular hematite and
coarse-grained magnetite; and sections of banded iron formation with finely interlayered magnetite and quartz (layers are <0.5 cm thick; Figures 6c, 7b–c). Samples of the

Three exposures of the coarse-grained, tabular pyroxenite
are small (~10 m by 10 m) outcrops. These intrusions are
highly magnetic, although not easily recognizable on aeromagnetic imagery because of their small size. Some mafic
to ultramafic units of coarse-grained olivine websterite to
lherzolite are described in the 2018 field area (Bovingdon
et al., 2018; Steenkamp et al., 2018) and may be correlative.
The second type of ultramafic intrusion is a serpentinized
pyroxenite-peridotite with local tremolite. This intrusion is
located along Gifford River and occurs as a series of small,
scattered and discontinuous outcrops (e.g., UTM 421867E,
7859165N; all co-ordinates are in UTM Zone 17N,
NAD 83) that can be traced for several hundred metres.
These small outcrops have a weathered surface that varies
from red-brown to light green in colour, and are present in
topographic lows, within granodiorite valleys. The outcrops vary individually, from pure tremolite; to a finegrained, black, mafic unit with chrysotile veins; to a
serpentinized ultramafic rock with very coarse grained
(>3 cm) equant chlorite pseudomorphs (likely replacing
stubby pyroxene) in a fine-grained, green-black matrix
(Figure 6b). It is possible that the finer grained green-black
portions of this intrusion are of a quality suitable for
carving stone.
Layered mafic intrusions have recently been dated near
Pond Inlet. Geochronological analyses yielded ages of ca.
<2720 Ma and >2655 Ma (Skipton et al., 2019). In addition,
outcrops of serpentinized peridotite with large phenocrysts
of pyroxene have been documented on northeastern Baffin
Island (Johns and Young, 2006; Skipton et al., 2017).
Young et al. (2004) described a similar serpentinized
peridotite that is of carving stone quality at the iron ore Deposit No. 1 of the Mary River mine. Other Ni-Cu-PGE–
bearing metaperidotite bodies have also been recorded in
the Prince Albert Group on Melville Peninsula (Houlé et
al., 2010; Corrigan et al., 2013).

Supracrustal rocks: banded iron formation,
quartzite, psammite
Supracrustal rocks are rare in the 2019 field area. An extensive north-northwest-trending unit of iron formation is located ~50 km west of Erichsen Lake (red unit in Figure 4)
and corresponds to a high magnetic anomaly roughly 3 km
wide that extends for approximately 15 km. The exposure
of iron formation that was mapped in this study (e.g., UTM
461347E, 7837589N; Figure 7a) is heterogeneous, with
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Figure 7: Banded iron formation (BIF): a) aerial view of contact between orthogneiss (right) and BIF (left); b) hand sample from sulphide-rich, gossanous felsenmeer: dotted line outlines asymmetric folding, sulphide grains, circled, occur in pits in the rock surface;
c) massive magnetite with secondary specular hematite.
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gossanous iron formation have been submitted for assay
and prepared for thin section. Based on examination
through hand lens and stereo microscope, the most abundant sulphide mineral is most likely arsenopyrite that is tinwhite to silver-bronze in colour and occurs as subhedral
prismatic grains or infilling voids. Secondary sulphide
minerals could possibly include pyrrhotite and pyrite. The
precise mineral species present in this rock will be identified through thin section examination and lithogeochemical analyses. Several veins of milky quartz are also present
in the outcrop. The banded iron formation has a crenulation
lineation that plunges 54° toward 204° and is asymmetrically folded. The iron formation is most likely related to
iron formation in the Mary River Group that occurs east and
northeast of the field area (Young et al., 2004; Saumur et al.,
2017; Skipton et al., 2017). The iron formation mapped in
this study is in contact with the basement orthogneiss, although the nature of the contact is unknown because it is
covered with felsenmeer. No other type of metasedimentary rock is present in the areas adjacent to the iron formation exposures.
A single 5 m by 5 m outcrop of quartzite is in contact with
the orthogneiss ~10 km northeast of Erichsen Lake, in the
eastern portion of the study area. The quartzite is composed
of pure white quartz with irregular zones of bright pink
quartz. A small outcrop of fine-grained, garnet-rich psammite is present west of Nyeboe Fiord.

Syenogranite to quartz syenite
Medium- to very coarse grained syenogranite to quartz
syenite is present across the field area, occurring as dykes,
sills and plutons (Figure 6d). Biotite content is typically
<3% and delineates a very weak foliation; where biotite is
absent, the rock appears massive. Plutons of syenogranite
are generally visible on airborne geophysical maps as areas
of higher magnetism relative to the surrounding orthogneiss. This unit may correlate to a “pink biotite granite”
described in Bethune and Scammell (2003a) in the Eqe Bay
area to the east. As in the Fury and Hecla area, the “pink biotite granite” is also weakly foliated and crosscuts the surrounding orthogneiss and supracrustal rocks. Skipton et al.
(2019) also recently dated late postkinematic syenogranite
on northern Baffin Island (ca. 1792 Ma).

Franklin mafic dykes
Northwest-trending mafic dykes (Figure 6e) were observed
across the field area. These are easily identifiable in the
geophysical survey as highly magnetic, continuous linear
features (Figure 3). They occur as continuous dykes that are
tens of metres thick, as fine veinlets within outcrops, and as
discontinuous whole outcrops with no perceivable orientation. They are dominantly composed of plagioclase (locally
K-feldspar–altered), hornblende, pyroxene and magnetite
(Figure 6e). Texturally the dykes are gabbroic, with aggre-

20

gates of intergrown plagioclase laths enclosed by pyroxene
and hornblende (ophitic to subophitic texture). The mafic
dykes are highly magnetic and form prominent linear features on aeromagnetic maps (Figure 3). Similar northwesttrending dykes, known as the Franklin dyke swarm (ca. 723
+4/–2 Ma), are described by Heaman et al. (1992) and
Pehrsson and Buchan (2011) in the surrounding area. The
Franklin dykes are present extensively throughout Nunavut, including on northeastern Baffin Island, Melville Peninsula, Boothia Peninsula, Somerset Island, and scattered
around Bathurst Inlet and Victoria Island.

Felsic pegmatitic dykes
Felsic pegmatitic dykes are widely distributed in the study
area and are randomly oriented, crosscutting all other rock
units in the area. They range in size from outcrop scale (tens
of metres across) to fine discordant dykes 5 cm wide. Composition ranges from syenogranite to monzogranite, with
dominant K-feldspar, secondary quartz (smoky quartz in
some areas), and thick books of biotite. In flat-lying grasslands, outcrops of pegmatite are common because they are
more resistant to weathering than the country rock. Locally,
very coarse K-feldspar crystals display perthitic and
graphic textures (Figure 6f). Less commonly, the pegmatite
dykes display a zonation of concentrated pink to red Kfeldspar along their margins, with an increase in proportion
of grey quartz toward their cores. Where Precambrian bedrock is exposed between Jungersen Bay and Berlinguet Inlet (Figure 4), these felsic pegmatite dykes contain light
green muscovite with fine-grained, red garnet.

Deformation and metamorphism
Regional deformation and metamorphism have affected all
rock types in the field area, excluding the syenogranite pegmatitic dykes and the late Franklin mafic dykes (although
the felsic and mafic dykes were impacted by late brittle
faulting). Figure 4 outlines the areas of variable deformation in the orthogneiss (straight banded, metatexite and
diatexite), the porphyroclastic monzogranite, and the foliated felsic intrusions. In this section, the broad sequence of
deformational events at the regional scale is interpreted.
Throughout the orthogneiss, flattened mafic enclaves are
variably subparallel to the gneissosity of the basement
orthogneiss. These enclaves are foliated and/or lineated (S1
and L1), with the fabric defined by preferred alignment of
biotite, amphibole and pyroxene crystals, and are associated with the first deformation event (D1). Deformation in
the orthogneiss is heterogeneous, with areas of straightbanded gneiss, areas of folded and refolded gneissic
migmatite (metatexite), and areas of diatexite (either
nebulitic textured or leucosome dominated, with little to no
original structure preserved; Maxeiner et al., 2017). The
zone of straight-banded gneiss extends from the base of
Bell Bay to the base of Jungersen Bay. The gneissosity dips
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steeply to the east and west—an indication of multiple regional synforms and antiforms with north-trending fold
axes. The metatexite south of Admiralty Inlet and north of
Erichsen Lake contains asymmetric folds that indicate
dextral and sinistral shear sense, disharmonic folds, and
symmetric chevron folds. The asymmetric folds likely represent shearing in the left and right limbs of regional folds.
Regional folds in these areas may be interpreted from the
geophysical survey results (Figures 3, 4; Lebeau, 2019a–g).
The variability of texture in the orthogneiss is likely the result of multiple deformation events that are not easily distinguishable. However, in some metatexites there is field
evidence of at least two distinct folding events that are expressed by refolded folds (Figure 5e) and fold interference
patterns (mushroom type). Unfortunately, the orientation
of these superimposed folds could not be measured because
of the pervasive contortion and convolution of the orthogneiss in the area. Additionally, leucosome injections in
some outcrops of migmatite are asymmetrically folded
(ptygmatic folds), which indicates folding after migmatization.
The second deformation event (D2) is possibly evidenced
by the flattening (S2) and folding (F2) of the metatexite
orthogneiss, and a third event (D3) may be suggested by the
refolding (F3) of D2 structures in the orthogneiss. The deformation expressed by the diatexite and ptygmatic folds
could be associated with D2 and/or D3. The increased partial-melt texture seen in the diatexite could be a result of the
same deformational events in a rock type of different competency, a transition to higher grade pressure and temperature conditions, or altogether separate—more local—
deformational events. Partial melting likely occurred at approximately 650–750°C and 4–7 kbar. The biotite- and
hornblende-rich fractions suggest melting in a water-saturated system during amphibolite-facies metamorphism
(Turner, 1982).
Late felsic intrusions, including the granodiorite-monzogranite and the porphyritic to porphyroclastic monzogranite, also display variable degrees of deformation. In the
foliated granodiorite-monzogranite, the foliation generally
varies in intensity from weak to strong, dips moderately to
shallowly toward the south or north, and strikes east and
westward. The porphyroclastic monzogranite demonstrates a mineral lineation (L2) defined by K-feldspar crystals, with an azimuth to the south-southeast and a plunge of
32°. Based on field observations, it is unknown to which
deformation event these structures are related.
The pervasive presence of amphibole in the orthogneiss
suggests amphibolite-facies conditions throughout the
field area. However, the near-absence of metasedimentary
rocks makes any in-depth metamorphic analysis difficult
without key metamorphic mineral assemblages.
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Alteration and mineralization
Potassic alteration is the most common form of alteration in
the field area. The potassic alteration is most commonly
fracture controlled, resulting in red alteration haloes along
fractures and faults across the field area. More rarely,
potassic alteration is penetrative, filling pore spaces in the
rock at the outcrop scale. Hydrothermal epidote and, more
rarely, chlorite accompany potassic alteration in the eastern
portion of the field area, around Erichsen Lake (Figures 2,
4). Epidote alteration is also largely fracture controlled and,
to a lesser degree, infills pore spaces. Chlorite is typically
present along biotite-rich bands, selectively replacing biotite. Silicic replacement and quartz stockwork veinlets in
the gneissic country rock are present near the southern exposures of the banded iron formation. Sericitic alteration
(sericite+quartz+muscovite) is present in one location on
the eastern end of Berlinguet Inlet, associated with the
basement orthogneiss.
The orthogneiss contains rare pyrite mineralization
throughout the field area, and a single occurrence of molybdenite near Nyeboe Fiord (UTM 325748E, 7846898N). In
the east is a single outcrop (approximately 100 m by 100 m)
of copper mineralization in a strongly oxidized, sulphiderich gneiss (UTM 501721E, 7862061N). An assemblage of
malachite, chrysocolla and chalcedony is present as rinds
along fracture faces and infilling pore spaces in the gneiss
(Figure 8a). The gneiss is gossanous and appears leached
along discrete, variably thick horizons (>1 m thick) that are
sulphide rich (Figure 8b). The mineralized outcrop is isolated within an area of low-lying grassland. The area surrounding the outcrop was carefully examined for other exposures of copper mineralization but none was found.
Sulphide-rich gneissic rock is generally associated with
paragneiss (sedimentary in origin) rather than orthogneiss
(igneous origin). Whether this is the case for this occurrence will be investigated through analysis of thin sections.
The banded iron formation contains stratabound sulphides
that will be identified through thin section analysis. The
most abundant sulphide mineral is likely prismatic arsenopyrite. Several sites with small exposures of ultramafic intrusions contain disseminated sulphides with magnetite
stringers; samples from these outcrops will be submitted
for geochemical analysis.

Economic considerations
Exploration activity in the 2018 and 2019 Fury and Hecla
Geoscience project areas has been carried out in the past by
De Beers Canada Inc. (De Beers) partnered with Pure Diamonds Exploration Inc. (formerly Pure Gold Minerals
Inc.), the former Noranda Exploration Company Limited
(Noranda), and the former Dejour Mines Limited (Dejour).
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Figure 8: Copper mineralization in banded gneiss: a) rinds of chrysocolla, malachite and chalcedony along a fracture face; b) gossanous,
sulphide-rich gneiss with blue bands of copper precipitates (Brunton Transit for scale is ~18 cm).

The most significant discoveries by De Beers (in 2006–
2008) are the Amon and Aliguja kimberlite sheets, located
on the eastern shore of Erichsen Lake (see Figure 4 for location). These two kimberlite occurrences were discovered
by drilling up-ice of kimberlite pebbles, cobbles and boulder trails. De Beers identified several kimberlite targets in
the area through interpretation of magnetic and electromagnetic survey results, with 9 of 17 targets still untested.
Characteristics of the kimberlite were further defined by
high-resolution ground-penetrating radar surveys. In addition, Nd-Hf isotope geochemistry of the Amon kimberlite
was defined in a research project for which De Beers partnered with the University of the Witwatersrand, Johannesburg, South Africa (Tappe et al., 2014). More drilling, and
microdiamond analysis, is required to fully evaluate the
economic potential of this kimberlite (McMonnies et al.,
2007; Chartier and Januszczack, 2008). The Aliguja and
Amon sites were visited during the FHGP field survey.
Four drill sites were located, with drill collars marked by
wooden stakes. There was no kimberlite exposure found at
surface and no kimberlite boulders were observed in the
area.
Uranium exploration was undertaken in the 1970s by
Dejour and Noranda ~40–60 km north of Fury and Hecla
Strait (Figure 2). Noranda completed lake sediment sampling in 1975 near the unconformity between rocks of the
Fury and Hecla Basin and the granitic basement (see extent
of Fury and Hecla Basin in Figure 1). Assay results from localized areas of altered granite show U3O8 content of
50 ppm. Noranda geologists theorized that the uranium
anomaly comprised hydrothermal vein-type mineralization
in granite (Prest, 1977). Results of Dejour’s reconnaissance
mapping programs in 1979 suggested that the geology of
the unconformity between sedimentary rocks of the Fury
and Hecla Basin and the underlying uranium-rich granitic
basement demonstrated similarities to the unconformity-
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related uranium deposits in the Athabasca Basin in Saskatchewan, Canada. All uranium prospects were found to
be related to east-striking major faults along fault contacts
between uranium-bearing basement and strongly stained,
dark red to purple quartzite. Localized high spectrometer
readings (in counts per hour, c.p.h) over fresh granite were
897 c.p.h. (background readings ranged between 300 and
500 c.p.h). The most anomalous readings came from altered granite, with 3829 c.p.h. (Fisher, 1981). Most recently, Long and Turner (2012) determined that no significant unconformity-related uranium deposits could have
formed in the Fury and Hecla Basin because of a lack of
porosity in the basal sandstone of the basin.
Samples analyzed by whole-rock geochemistry and fire assay from the 2018 FHGP yielded low to moderate evidence
of economic mineralization. Samples of the ultramafic intrusions yielded gold, platinum and palladium concentrations near or below the detection limit. A sample of metaironstone yielded 29.98% Fe2O3, and the highest concentration of gold is from a quartz monzonite, with 52 ppb Au.
The most significant economic discovery of the 2019
FHGP is the deformed and sulphidized banded iron formation. Banded iron formation–hosted gold deposits are one
of the main targets for gold exploration in the northern Canadian Shield (e.g., Castonguay et al., 2015). Nunavut has
numerous gold deposits and prospects that are either hosted
in, or associated with, Archean banded iron formation
(BIF). For example, gold deposits at the Meadowbank
(e.g., Portage and Goose deposits) and Amaruq mines are
hosted in intensely polydeformed BIF (Mercier-Langevin,
2019). Mineralized zones in these deposits typically contain stratabound pyrrhotite-arsenopyrite-loellingite-gold.
The folded BIF discovered in the 2019 field survey for the
Fury and Hecla project contains stratabound sulphides that
possibly comprise a similar mineral assemblage; this will
be determined by petrographic analysis and assay.
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Conclusions
The dominant rock unit encountered throughout the 2019
field area was an Archean granodiorite-monzogranitetonalite-quartz diorite orthogneiss with rare mafic enclaves. The orthogneiss exhibits a variety of fabrics and
structures across the field area, including straight-banded
gneiss within regional antiforms and synforms, metatexite
migmatite with folded and contorted gneissic bands, and
diatexite migmatite with no original structures preserved
and dominated by injected and/or in situ leucosome.
Orthogneiss of this nature has been described throughout
the Rae craton, including nearby areas to the south on Melville Peninsula and to the east in north-central Baffin Island
(e.g., Jackson and Berman, 2000; Bethune and Scammell,
2003a, b; Johns and Young, 2006; Corrigan et al., 2013;
Saumur et al., 2017; Skipton et al., 2017, 2019). Late porphyritic to porphyroclastic (and, in places, megacrystic)
monzogranite occurs locally in the eastern region of the
study area, near Erichsen Lake. Small ultramafic intrusions
are present throughout the field area and are rarely mineralized. One of the ultramafic intrusions is a serpentinized
pyroxenite to peridotite with local tremolite that is present
along Gifford River. This ultramafic intrusion may be correlated to peridotite intrusions described at the Mary River
mine as being of carving stone quality (Young et al., 2004)
and mafic to ultramafic intrusions described in the 2018
Fury and Hecla area (Steenkamp et al., 2018). Supracrustal
assemblages are rare, with only a single occurrence of mineralized and deformed banded iron formation, one small
occurrence of quartzite, and one small outcrop of garnetbearing psammite. Late and massive to weakly foliated
syenogranite dykes, sills and plutons are ubiquitous
throughout the field area and crosscut the gneissic basement. Northwest-trending Neoproterozoic mafic dykes related to the Franklin igneous event are present throughout
the field area. Late syenogranitic pegmatite dykes crosscut
all rock units, including the Franklin mafic dykes.
Samples of monzogranitic and granodioritic gneiss, megacrystic monzogranite, and syenogranite were collected
throughout the field area for lithogeochemical and geochronological analysis. This is to better understand the different phases of plutonism and to constrain crystallization
ages. Samples of mineralized ultramafic intrusions, banded
iron formation, and copper-bearing gneiss will be analyzed
by petrography and fire assay to determine their economic
potential. Field data and observations, combined with analytical results, will be used to generate bedrock maps.

Acknowledgments
The FHGP is funded by the Canadian Northern Economic
Development Agency’s Strategic Investments in Northern
Economic Development program and through a Strategic
Partnership Grant (#506660) from the Natural Sciences

Summary of Activities 2019

and Engineering Research Council of Canada. Field logistics, equipment, and air support were organized by the
Polar Continental Shelf Program (project #30619). Ken
Borek Air and Captain S. Kelly are acknowledged for excellent Twin Otter fixed-wing support. Hudson Bay Helicopters, pilot J. Kalturnyk and engineer H. Wanke are acknowledged for exceptional helicopter support. Set-up and
take-down of the field camp was undertaken by Discovery
Mining Ltd. Local accommodations and truck rental were
provided by LRT Construction and Lodging. The loader
was rented from LRT and the Hamlet of Igloolik. Groceries
were obtained from the local Arctic Co-op store.
C. Gilbert is thanked for field technical and GIS support.
She and S. Basso are appreciated for logistical support in
Igloolik before and after the field program. The authors
thank field assistant M.Muckpah-Gavin, camp cook P. Roy
and the wildlife monitors G. Illupik and B. Alorut. Critical
reviewer N. Wodicka, research scientist at the Geological
Survey of Canada in Ottawa, is thanked for her critical review of this paper. Lastly, C. Mayer is thanked for his time
reviewing the manuscript.
Natural Resources Canada, Lands and Minerals Sector
contribution 20190358

References
Ashton, K.E., Hartlaub, R.P., Bethune, K.M., Heaman, L.M. and
Niebergall, G. 2012: New depositional age constraints for
the Murmac Bay group of the southern Rae Province, Canada; Precambrian Research, v. 232, p. 70–88.
Berman, R.G., Pehrsson, S., Davis, W.J., Ryan, J.J., Qui, H. and
Ashton, K.E. 2013: The Arrowsmith orogeny: geochronological and thermobarometric constraints on its extent and
tectonic setting in the Rae craton, with implications for preNuna supercontinent reconstruction; Precambrian Research, v. 232, p. 44–69.
Berman, R.G., Sanborn-Barrie, M., Rayner, N., Carson, C.,
Sandeman, H.A. and Skulski, T. 2010: Petrological and in
situ SHRIMP geochronological constraints on the tectonometamorphic evolution of the Committee Bay belt, Rae
Province, Nunavut; Precambrian Research, v. 181, p. 1–20.
Berman, R.G., Sanborn-Barrie, M., Stern, R. and Carson, C. 2005:
Tectonometamorphism ca. 2.35 and 1.85 Ga in the Rae domain, western Churchill Province, Nunavut, Canada: insights from structural, metamorphic and in-situ geochronological analysis of the southwestern Committee Bay belt;
Canadian Mineralogist, v. 43, p. 409–442.
Bethune, K.M. and Scammell, R.J. 2003a: Geology, geochronology and geochemistry of Archean rocks in the Eqe Bay area,
north-central Baffin Island, Canada: constraints on the
depositional and tectonic history of the Mary River Group of
northeastern Rae Province; Canadian Journal of Earth Sciences, v. 40, p. 1137–1167.
Bethune, K.M. and Scammell, R.J. 2003b: Distinguishing between Archean and Paleoproterozoic tectonism, and evolution of the Isortoq fault zone, Eqe Bay area, north-central
Baffin Island, Canada; Canadian Journal of Earth Sciences,
v. 40, p. 1111–1135.

23

Blackadar, R.G. 1958: Fury and Hecla Strait, District of Franklin,
Northwest Territories; Geological Survey of Canada, Preliminary Series Map 3-1958, 1 map at 1:506 880 scale.
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, CanadaNunavut Geoscience Office, p. 63–74.
Buchan, K.L. and Ernst, R.E. 2004: Diabase dyke swarms and related units in Canada and adjacent regions; Geological Survey of Canada, Geoscience Map 2022A, scale 1:5 000 000.
Carson, C.J., Berman, R.G., Stern, R.A., Sanborn-Barrie, M.,
Skulski, T. and Sandeman, H.A.I. 2004: Age constraints on
the Paleoproterozoic tectonometamorphic history of the
Committee Bay region, western Churchill Province, Canada: evidence from zircon and in situ monazite SHRIMP
geochronology; Canadian Journal of Earth Sciences, v. 41,
p. 1049–1076.
Castonguay, S., Janvier, V., Oswald, W., Dubé, B., MercierLangevin, P., McNicoll, V. and Malo, M. 2015: Geological
controls of BIF-hosted gold mineralization: Insights from
the world-class Musselwhite (Ontario) and Meadowbank
(Nunavut) deposits, Canada; in 13th SGA Biennial Meeting
on Mineral Resources in a Sustainable World – SGA 2015,
August 24–27, Nancy, France, URL <https://doi.org/
10.13140/RG.2.1.1224.6246>.
Chandler, F.W. 1988: Geology of the late Precambrian Fury and
Hecla Group, northwest Baffin Island, District of Franklin;
Geological Survey of Canada, Bulletin 370, 37 p.
Chandler, F.W., Charbonneau, B.W., Ciesielski, A., Maurice, Y.T.
and White, S. 1980: Geological studies of the Late Precambrian supracrustal rocks and underlying granitic basement,
Fury and Hecla Strait area, Baffin Island, District of Franklin; in Current Research, Part A, Geological Survey of Canada, Paper 80-1A, p. 125–132.
Chartier, A. and Januszcazack, N. 2008: Assessment report on the
2007 drill program on the Baffin Property, Nunavut, De
Beers Canada Inc.; Indigenous and Northern Affairs Canada, Assessment Report 085332, submitted by De Beers
Canada Inc., 75 p.
Ciesielski, A. and Maley, J. 1980: Basement geology, Agu Bay,
Gifford River, Baffin Island, District of Franklin; Geological Survey of Canada, Open File 687, 2 maps at 1:125 000
scale.
Corrigan, D., Nadeau, L., Brouillette, P., Wodicka, N., Houlé,
M.G., Tremblay, T., Machado, G. and Keating, P. 2013:
Overview of the GEM Multiple Metals – Melville Peninsula
project, central Melville Peninsula, Nunavut; Geological
Survey of Canada, Current Research 2013-19, 21 p.
Fisher, D. 1981: Dejour Mines Limited Fury and Hecla Uranium
Project geological reconnaissance and prospecting report on
1979 exploration programme; Department of Indian Affairs
and Northern Development, Assessment Report 081302,
submitted by Dejour Mines Limited, 27 p.
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.
Greenman, J.W., Patzke, M., Halverson, G.P. and Ielpi, A. 2020:
Updated stratigraphy of the Fury and Hecla Group of Melville Peninsula and northwestern Baffin Island, Nunavut; in

24

Summary of Activities 2019, Canada-Nunavut Geoscience
Office, p. 37–50.
Hartlaub, R.P., Heaman, L.M., Chacko, T. and Ashton, K.E. 2007:
Circa 2.3 Ga magmatism of the Arrowsmith Orogeny, Uranium City region, western Churchill Craton, Canada; Journal of Geology, v. 115, p. 181–195.
Heaman, L.M., LeCheminant, A.N. and Rainbird, R.H. 1992: Nature and timing of Franklin igneous events, Canada: implications for a Late Proterozoic mantle plume and the breakup
of Laurentia; Earth and Planetary Science Letters, v. 109, p.
11 7 – 1 3 1 , U R L < h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / 0 0 1 2 821X(92)90078-A>.
Henderson, J., James, D. and Thompson, P. 1999: Geology, Healey
Lake – Artillery Lake, Northwest Territories-Nunavut; Geological Survey of Canada, Open File 3819, 1 map at
1:250 000 scale.
Hinchey, A., Davis, W.J., Ryan, J.J., Nadeau, L. and James, D.T.
2011: Timing of magmatism, granulite-facies metamorphism and deformation in the Archean metaplutonic rocks
of the Boothia mainland area within the Rae domain, northwest Churchill Province, Nunavut; Canadian Journal of
Earth Sciences, v. 48, p. 247–279.
Hoffman, P.F. 1988: United plates of America, birth of a craton –
Early Proterozoic assembly and growth of Laurentia; Annual Review of Earth and Planetary Sciences, v. 16, p. 543–
603.
Hoffman, P.F. 1997: Tectonic genealogy of North America; in
Earth Structure and Introduction to Structural Geology and
Tectonics, B.A. van der Pluijm and S. Marshak (ed.),
McGraw Hill, New York, p. 459–464.
Houlé, M.G., Gibson, H., Richan, L., Bécu, V., Corrigan, D. and
Nadeau, L. 2010: A new nickel discovery in the Prince Albert Hills, Melville Peninsula, Nunavut: implications for NiCu-(PGE) exploration in the Prince Albert Group; Geological Survey of Canada, Open File 6729, 22 p., URL <https://
doi.org/10.4095/287185>.
Jackson, G.D. and Berman, R.G. 2000: Precambrian metamorphism and tectonic evolution of northern Baffin Island,
Nunavut, Canada; The Canadian Mineralogist, v. 38,
p. 399–421.
Johns, S.M. and Young, M.D. 2006: Bedrock geology and economic potential of the Archean Mary River group, northern
Baffin Island, Nunavut; Geological Survey of Canada, Current Research 2006-C5, 15 p.
Lebeau, L.E. 2019a: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47G
(southeast); Canada-Nunavut Geoscience Office, Open File
Map 2019-03, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019b: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47H
(northwest); Canada-Nunavut Geoscience Office, Open File
Map 2019-04, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019c: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47H
(southwest); Canada-Nunavut Geoscience Office, Open
File Map 2019-05, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019d: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47E
(northwest); Canada-Nunavut Geoscience Office, Open File
Map 2019-06, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019e: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47H

Canada-Nunavut Geoscience Office

(southeast); Canada-Nunavut Geoscience Office, Open File
Map 2019-07, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019f: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47E
(northeast); Canada-Nunavut Geoscience Office, Open File
Map 2019-08, scale 1:100 000 [2 sheets].
Lebeau, L.E. 2019g: Geophysics, Airborne geophysical survey of
the Jungersen River area, Baffin Island, Nunavut, NTS 47G
(northeast); Canada-Nunavut Geoscience Office, Open File
Map 2019-02, scale 1:100 000 [2 sheets].
Long, C.F. and Turner, E.C. 2012: Tectonic, sedimentary and metallogenic re-evaluation of basal strata in the Mesoproterozoic Bylot basins, Nunavut, Canada: Are unconformity-type
uranium concentrations a realistic expectation?; Precambrian Research, v. 214-215, p. 192–209, URL <https://
doi.org/10.1016/j.precamres.2011.11.005>.
Mahan, K.H., Goncalves, P., Williams, M.L. and Jercinovic, M.J.
2006: Dating metamorphic reactions and fluid flow: application to exhumation of high-P granulites in a crustal-scale
shear zone, western Canadian Shield; Journal of Metamorphic Geology, v. 24, p. 193–217.
Maxeiner, R.O., Ashton, K., Card, C.D., Morelli, R.M. and Knox,
B. 2017: A field guide to naming migmatites and their textures, with Saskatchewan examples; in Summary of Investigations 2017, Volume 2, Saskatchewan Geological Survey,
Saskatchewan Ministry of the Economy, Miscellaneous Report 2017-4.2, Paper A-2, 21 p.
McMonnies, B., McKenzie, J., Januszczak, N. and Chartier, D.
2007: Assessment report on the 2006 prospecting, mapping,
geophysics and drill programmes on the Baffin property,
Nunavut, De Beers Canada Inc.; Indigenous and Northern
Affairs Canada, Assessment Report 085113, submitted by
De Beers Canada Inc., 123 p.
Mercier-Langevin, P. 2019: Banded iron formation-hosted gold
deposits of Nunavut: Styles, settings and timing; in Advances in Mineral Systems Modeling of Ni-Cu-PGE and
Gold, PDAC 2019, URL <https://www.pdac.ca/search?q=
Mercier-Langevin&page=1> [December 2019].
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.
Pehrsson, S. and Buchan, K. 2011: Borden dykes of Baffin Island,
Northwest Territories: a Franklin U-Pb baddeleyite age and
a paleomagnetic reinterpretation; Canadian Journal of Earth
Sciences, v. 36, p. 65–73, URL <https://doi.org/10.1139/
cjes-36-1-65>.
Pehrsson, S., Berman, R.G. and Davis, W.J. 2013a: Paleoproterozoic orogenesis during Nuna aggregation: a case study of reworking of the Archean Rae craton, Woodburn Lake,
Nunavut; Precambrian Research, v. 232, p. 167–188.
Pehrsson, S.J., Berman, R.G., Eglington, B. and Rainbird, R.
2013b: Two Neoarchean supercontinents revisited: the case
for a Rae family of cratons; Precambrian Research, v. 232,
p. 27–43.

of Franklin, Northwest Territories; Indigenous and Northern
Affairs Canada, Assessment Report 061534, submitted by
Noranda Exploration Company Limited, 14 p.
Sanborn-Barrie, M., Davis, W.J., Berman, R.G., Rayner, N. and
Skulski, T. 2014: Neoarchean continental crust formation
and Palaeoproterozoic deformation of the central Rae
craton, Committee Bay belt, Nunavut; Canadian Journal of
Earth Sciences, v. 51, p. 5–22.
Saumur, B.M., Skipton, D.R. and St-Onge, M.R. 2017: Report of
Activities 2017, GEM-2 Baffin Project: regional bedrock
mapping of northern Baffin Island (Pond Inlet and Mary
River areas), Nunavut; Geological Survey of Canada, Open
File 8304, 14 p.
Scammell, R.J. and Bethune, K.M. 1995: Archean and Proterozoic
lithology, structure, and metamorphism in the vicinity of
Eqe Bay, Baffin Island, Northwest Territories; in Current
Research 1995-C, Geological Survey of Canada, p. 53–66.
Scott, D.J. and de Kemp, E.A. 1998: Northern Baffin Island and
northern Melville Peninsula, Northwest Territories; Geological Survey of Canada, Open File 3633, 2 maps at 1:500 000
scale.
Schultz, M., Chacko, T. and Heaman, L.M. 2007: The Queen
Maud Block: a newly recognized Paleoproterozoic (2.4–2.5
Ga) terrane in northwest Laurentia; Geology, v. 35, p. 707–
710.
Skipton, D.R., Saumur, B.M., St-Onge, M.R., Wodicka, N., Bros,
E.R., Morin, A., Brouillette, P., Weller, O.M. and Johnston,
S.T. 2017: Precambrian bedrock geology of the Pond Inlet–
Mary River area, northern Baffin Island, Nunavut; in Summary of Activities 2017, Canada-Nunavut Geoscience Office, p. 49–68.
Skipton, D.R., Wodicka, N., McNicoll, V., Saumur, B.M., StOnge, M.R. and Young, M.D. 2019: U-Pb zircon geochronology of Archean greenstone belts (Mary River Group) and
surrounding Archean to Paleoproterozoic rocks, northern
Baffin Island, Nunavut; Geological Survey of Canada, Open
File 8585, URL <https://doi.org/10.4095/314938>.
Skulski, T., Sandeman, H., Sanborn-Barrie, M., MacHattie, T.,
Young, M., Carson, C., Berman, R.G., Brown, J., Rayner, N.,
Panagapko, D., Byrne, D. and Deyell, C. 2003: Bedrock geology of the Ellice Hills map area and new constraints on the
regional geology of the Committee Bay area, Nunavut; Geological Survey of Canada, Current Research 2003-C22, 11 p.
Steenkamp, H.M. 2018a: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47F (northwest); Canada-Nunavut Geoscience Office, Open
File Map 2018-01, scale 1:100 000 [2 sheets].
Steenkamp, H.M. 2018b: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47F (southwest); Canada-Nunavut Geoscience Office,
Open File Map 2018-02, scale 1:100 000 [2 sheets].
Steenkamp, H.M. 2018c: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47F (northeast); Canada-Nunavut Geoscience Office, Open
File Map 2018-03, scale 1:100 000 [10 sheets].

Peterson, T.D., Pehrsson, S., Skulski, T. and Sandeman, H. 2010:
Compilation of Sm-Nd isotope analyses of igneous suites,
western Churchill Province; Geological Survey of Canada,
Open File 6439, URL <https://doi.org/10.4095/285360>.

Steenkamp, H.M. 2018d: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47F (southeast) and 47C (part); Canada-Nunavut
Geoscience Office, Open File Map 2018-04, scale 1:100 000
[10 sheets].

Prest, S.E. 1977: Geochemical and geological investigations of
prospecting permits No. 385 and 286, Baffin Island, District

Steenkamp, H.M. 2018e: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS

Summary of Activities 2019

25

47E (southwest); Canada-Nunavut Geoscience Office,
Open File Map 2018-05, scale 1:100 000 [10 sheets].
Steenkamp, H.M. 2018f: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47D (northwest); Canada-Nunavut Geoscience Office,
Open File Map 2018-06, scale 1:100 000 [10 sheets].
Steenkamp, H.M. 2018g: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47E (southeast); Canada-Nunavut Geoscience Office, Open
File Map 2018-07, scale 1:100 000 [2 sheets].
Steenkamp, H.M. 2018h: Geophysics, Airborne geophysical survey of the Gifford River area, Baffin Island, Nunavut, NTS
47D (northeast); Canada-Nunavut Geoscience Office, Open
File Map 2018-08, scale 1:100 000 [2 sheets].
Steenkamp, H.M., Bovingdon, P.J., Dufour, F., Généreux, C.-A.,
Greenman, J.W., Halverson, G.P., Ielpi, A., Patzke, M. and
Tinkham, D. 2018: New regional mapping of Precambrian
rocks of Fury and Hecla Strait, northwestern Baffin Island,
Nunavut; in Summary of Activities 2018, Canada-Nunavut
Geoscience Office, p. 47–62.

26

Tappe, S., Kjarsgaard, B.A., Kurszlaukis, S., Nowell, G.M. and
Phillips, D. 2014: Petrology and Nd-Hf isotope geochemistry of the Neoproterozoic Amon kimberlite sills, Baffin Island (Canada): evidence for deep mantle magmatic activity
linked to supercontinent cycles; Journal of Petrology, v. 55,
p. 2003–2042.
Turner, F.J. 1982: Metamorphic Petrology: Mineralogical, Field
and Tectonic Aspects; McGraw Hill Book Company, New
York.
Van Schmus, W.R., Persons, S.S., Macdonald, R., Sibbald, T.I.I.,
Patterson, D.F. and Davie, R.F. 1986: Preliminary results
from U-Pb zircon geochronology of the Uranium City region, northwest Saskatchewan; in Summary of Investigations 1986, Saskatchewan Geological Survey, Saskatchewan Energy and Mines, Miscellaneous Report 86-4, p. 108–
111.
Young, M.D., Sandeman, H., Berniolles, F. and Gertzbein, P.M.
2004: A preliminary stratigraphic and structural geology
framework for the Archean Mary River Group, northern
Baffin Island, Nunavut; Geological Survey of Canada, Current Research 2004 C-1, 17 p.

Canada-Nunavut Geoscience Office

Timing of emplacement of mafic rocks of the Fury and Hecla Group and
younger mafic intrusions, northwestern Baffin Island, Nunavut
F. Dufour1, R. Stevenson2 and G.P. Halverson3
1

Département des sciences de la Terre et de l’atmosphère, Université du Québec à Montréal, Montréal, Quebec,
dufour.frederic.3@courrier.uqam.ca
2
Département des sciences de la Terre et de l’atmosphère, Université du Québec à Montréal, Montréal, Quebec
3

Department of Earth and Planetary Sciences, McGill University, Montréal, Quebec

The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with CrownIndigenous Relations and Northern Affairs Canada, and researchers and students from Laurentian University, McGill University and
Université du Québec à Montréal. The multiyear project involves mapping 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 Island and Melville Peninsula, respectively (NTS 37C, F, 47C–H and
48A).
Dufour, F., Stevenson, R. and Halverson, G.P. 2020: Timing of emplacement of mafic rocks of the Fury and Hecla Group and younger
mafic intrusions, northwestern Baffin Island, Nunavut; in Summary of Activities 2019, Canada-Nunavut Geoscience Office, p. 27–36.

Abstract
This paper presents field observations made in 2018 of extrusive and shallow intrusive mafic rocks in and around the Fury
and Hecla Basin of northwestern Baffin Island, Nunavut (parts of NTS 47D–F). Pillow basalts and flows were identified
within the Nyeboe Formation of the Fury and Hecla Group. They are likely related to the Mesoproterozoic Mackenzie igneous event dated at ca. 1268 Ma. The Hansen Formation comprises fine- to medium-grained mafic rock and has a debated
emplacement history as either a flow or a sill. The intrusions of the Fury and Hecla Group consist of the Dybbol sill and
mafic dykes. The intrusions crosscut the Archean basement rocks and the Mesoproterozoic stratigraphy, and are tentatively
ascribed to the Franklin igneous event (723–718 Ma). The dykes strike to the southeast, similar to most of the dykes documented across Baffin Island.

Résumé
La présente communication fait état des observations de terrain recueillies en 2018 au sujet des formations mafiques
extrusives et intrusives à faible profondeur situées au sein du bassin de Fury et Hecla et des régions environnantes (feuillets
47D à F du SNRC) du nord-ouest de l’île de Baffin. Des laves en coussins et coulées volcaniques de basalte ont été
identifiées dans la formation de Nyeboe du groupe de Fury and Hecla. Ces dernières ont été liées à l’évènement magmatique
de Mackenzie datant du Mésoprotérozoïque survenu il y a environ 1268 Ma. Les roches mafiques de Hansen, de granulométrie fine à moyenne, ont une origine de formation débattue, assimilées soit à un filon-couche ou à une coulée volcanique.
Les intrusions du groupe de Fury and Hecla sont composées du filon-couche de Dybbol et des filons mafiques, recoupent le
socle archéen et la stratigraphie Mésoprotérozoïque et sont assimilées à l’évènement magmatique de Franklin (723–
718 Ma). Les filons mafiques sont orientés sud-est, tout comme la plupart des dykes de l’île de Baffin.

Introduction
A new geological mapping program began on northwestern
Baffin Island, north of Fury and Hecla Strait, during the
summer of 2018 (Steenkamp et al., 2018). The mapping
program is co-ordinated by the Canada-Nunavut Geoscience Office in collaboration with the Université du Québec à Montréal, McGill University and Laurentian Univer-

sity, and comprises all or parts of NTS map areas 37C, F,
47C–H and 48A.
This mapping project updates previous regional mapping at
1:500 000 scale (Blackadar, 1970), and builds on previously published 1:125 000 scale mapping of the Fury and
Hecla Basin (Chandler, 1988). The goal of the mapping
project is to increase the understanding of the overall geo-
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logical history of the Archean basement, Paleozoic carbonate rocks and Quaternary surficial glacial deposits in the
mapping area as well as refining the stratigraphy of the
Fury and Hecla Group and the timing of mafic magmatism.
The project will also help evaluate the resource potential
for this area in light of proven iron resources associated
with the banded iron formations of the Mary River Group
(MacLeod, 2012).
This paper presents a summary of the geology of the mafic
extrusive and intrusive rocks observed in part of the Fury
and Hecla Basin (parts of NTS 47D–F) during the first year
of the Fury and Hecla Geoscience Project. Herein, new
field observations of the Nyeboe and Hansen formations
(Mesoproterozoic formations), and the mafic dykes and
Dybbol sill (Neoproterozoic intrusions) are presented. The
descriptions provided for the Nyeboe and Hansen formations pertain to the volcanic rocks in the Fury and Hecla
Strait area. These rocks are believed to be related to mafic
volcanic rocks found in the other Bylot basins. However,
the descriptions of the Neoproterozoic intrusions in this
study area provide new geological data, linking the intrusions to similar Neoproterozoic intrusions and magmatism
observed in the Canadian Arctic Archipelago.

Geological setting
The Fury and Hecla Basin lies north of Fury and Hecla
Strait on Baffin Island and is interpreted to be one of the
Mesoproterozoic Bylot basins (Fury and Hecla, Borden,
Thule and Hunting–Aston basins), which are a series of extensional basins related to the ca. 1268 Ma Mackenzie igneous event (LeCheminant and Heaman, 1989; Long and
Turner, 2012). Grabens associated with the Borden Basin
have been interpreted as aulacogen structures that led to
failed oceanic rifting (Jackson and Iannelli, 1981). However, no evidence of similar aulacogen structures have been
found in the Fury and Hecla Basin (Chandler, 1988).
LeCheminant and Heaman (1989) proposed that magmatism associated with the Mackenzie igneous event was initiated by plume-generated asthenosphere melting followed
by rift propagation of this opening. In this model, the Bylot
basins are considered to have formed as crustal sag-basins
500–1200 km away from the Mackenzie plume centre. Alternatively, the Bylot basins have recently been interpreted
as distal impactogens generated by the continent–continent
collision of the 1100 Ma Grenville orogeny, some 2000 km
to the south (Long and Turner, 2012; Turner et al., 2016).
Recently acquired Re-Os radiometric dates of ca. 1050 Ma
for deposition of black shales in the middle Bylot Supergroup indicate that much of the stratigraphy postdates Mackenzie magmatism by at least 150 m.y., implying that the
Borden Basin and the other Bylot basins were long-lived
and experienced multiple stages of subsidence (Gibson et
al., 2018).
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The first description of the sedimentary, volcanic and basement units of the Fury and Hecla Basin was provided by
Blackadar (1970) with further mapping completed by
Chandler (1988) in the southern parts of the NTS 47E–F
map areas.
Previous field studies of the Archean basement underlying
the Fury and Hecla Basin identified tonalitic orthogneiss,
granitic gneiss and metasedimentary rocks (Blackadar,
1970; Chandler, 1988; Ciesielski, 1992). Following the
2018 mapping of the area, Steenkamp et al. (2018) found
that the Archean basement was largely dominated by a
tonalite-granodiorite orthogneiss complex with associated
minor mafic intrusions (hornblende gabbro to pyroxenite).
Smaller intrusions of magnetite-rich mafic and ultramafic
rocks (anorthosite to websterite) were also identified. Intrusions of massive monzogranite, syenogranite and quartz
syenite comprise the second largest grouping of Precambrian basement rocks, followed by metamorphosed supracrustal rocks containing mica, sillimanite and/or garnet.
These metasedimentary rocks are interpreted to be related
to those found in the Mary River Group (Steenkamp et al.,
2018).
Chandler (1988) formulated the first stratigraphic division
of the Mesoproterozoic Fury and Hecla Group. These formations are presented below, from oldest to youngest, and
detailed descriptions can be found in Greenman et al.
(2018) and Patzke et al. (2018):
1) the Nyeboe Formation consists of ~500 m of red sandstone, conglomerate and basaltic flows,
2) the Sikosak Bay Formation consists of up to 150 m of
mature, crossbedded quartz arenite,
3) the Hansen Formation consists of either a basaltic flow
or shallow sill up to 30 m thick,
4) the Agu Bay Formation is composed of up to 250 m of
quartz arenite and siltstone,
5) the Whyte Inlet Formation is composed of up to 2500 m
of white and pink quartz arenite, and
6) the Autridge Formation is composed of black shale of
the Cape Appel Member overlain by siltstone of the
Mikkelsen Member.
Examples of mafic dykes attributed to the Franklin igneous
event are found across the Canadian Arctic islands and
have been extensively studied in terms of geochronology
and paleomagnetism (Heaman et al., 1992; Pehrsson and
Buchan, 1999; Denyszyn et al., 2009a, b; Evans, 2009;
Buchan and Ernst, 2013). The Franklin igneous event also
produced the Natkusiak flood basalts, the Coronation sills,
and the Clarence Head, Devon Island, Strathcona Sound,
Franklin and Thule dykes, one of the largest known dyke
swarms (Denyszyn et al., 2009a, b; Ernst et al., 2013). Geochronological studies of the dykes suggest that Franklin
magmatism occurred between 723 and 718 Ma (Heaman et
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al., 1992; Denyszyn et al., 2009a, b), and it is widely assumed that the extensive tholeiitic basalt magmatism and
associated broad regional uplift was the byproduct of a
mantle plume (Rainbird, 1993). The crystallization ages for
Franklin dykes on Baffin Island are derived from the Cumberland dyke (southeastern Baffin Island) dated at 723 +4/–2 Ma,
and the Borden dyke (northeastern Baffin Island) at
720 ±8 Ma (Heaman et al., 1992; Pehrsson and Buchan,
1999). The referenced age for the termination of the Franklin igneous event corresponds to the sill in Minto Inlier area
(Victoria Island, Northwest Territories) dated at 718 ±2 Ma
(Heaman et al., 1992). Paleomagnetic studies of the Franklin igneous event in conjunction with geochronological
ages provide strong constraints for the correlation of the
Franklin dykes across the Bylot Supergroup. Paleomagnetic pole determinations demonstrated that the southeastward-trending Franklin dykes, across the Canadian Arctic,
converge on Melville Island (Northwest Territories), suggesting that the dykes are all related to the same magmatic
event (Denyszyn et al., 2009a, b; Evans, 2009).

Mafic rocks in the Fury and Hecla Basin
Chandler (1988) divided the Nyeboe Formation into seven
members that consist of (from base to top) 1) polymict breccia, 2) red sandstone and shale, 3) quartz conglomerate,
4) red sandstone and shale, 5) dolomitic quartz arenite and
stromatolitic dolomite, 6) altered subaerial mafic volcanic
flow(s), and (7) red sandstone and shale. The mafic volcanic rocks, found at three separate bluffs measuring 3–6 m
high, are described as amygdaloidal. Whole-rock geochemical analyses of these rocks indicate considerable
variation in major element concentrations, possibly due to
their high degree of alteration, however, low TiO2 concentrations suggest that the basalts formed in an oceanic-rift
environment (Jackson and Iannelli, 1981; Chandler, 1988).
In contrast to the mixture of sandstone and mafic volcanic
rocks of the Nyeboe Formation, the Hansen Formation consists solely of basaltic rocks with a debated context. Outcrops of the Hansen Formation basalts east of Agu Bay
have been interpreted both as a shallow sill and as a volcanic flow (Blackadar, 1970; Chandler, 1988; Long and
Turner, 2012). The Hansen Formation has been described
as a massive, green to black, unoxidized, extrusive mafic
flow (0–30 m thick), which is absent from the eastern part
of the basin, suggesting westward migration of the magmatic source (Chandler, 1988). Chemical analyses of
Hansen Formation samples show high Fe3+/Fe2+ ratios that
are more consistent with subaerial basalt flows rather than a
sill or submarine flow. Three K-Ar cooling ages of
1121 ±33, 1117 ±40 and 1089 ±32 Ma from Hansen Formation samples roughly coincide with the ca. 1268 Ma Mackenzie igneous event (Chandler and Stevens, 1981).
Mafic dykes that cut the Fury and Hecla Basin stratigraphy
and surrounding basement gneisses have been described as
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gabbroic and trend toward the southeast (Blackadar, 1970;
Chandler, 1988). Two samples collected from dykes within
the Fury and Hecla Basin yielded K-Ar cooling ages of
631 ±43 and 643 ±27 Ma, which were interpreted as
broadly correlative with the Franklin igneous event (Chandler and Stevens, 1981; Heaman et al., 1992).
The mafic intrusion Dybbol sill located on the Autridge
peninsula has been interpreted as part of the Franklin igneous event (Chandler, 1988). The composition of the mafic
rocks of the sill is similar to that observed for the mafic
dykes. The Dybbol sill was dated at roughly 716 ±166 and
746 ±166 Ma, using the K-Ar dating method (Chandler and
Stevens, 1981). Discussions are still ongoing to determine
whether the Dybbol sill was cut by the mafic dykes or was
comagmatic.

New observations
Geological mapping conducted in 2018 in the Fury and
Hecla Basin has refined the trace of the nonconformity between the basement and basin rocks, refined the stratigraphic boundaries within the basin, and provided details
on the exposure of numerous crosscutting dykes (Bovingdon et al., 2018; Greenman et al., 2018; Patzke et al., 2018;
Steenkamp et al., 2018). Observations and samples of
mafic rocks in, surrounding and cutting through the Fury
and Hecla Basin were collected from 36 stations (Figure 1).

Nyeboe Formation
Outcrops of fresh red, weathered brown-grey and oxidized
fine-grained mafic rocks of the Nyeboe Formation are exposed east of Agu Bay at stations M012, M162 and M178
(Figure 1). At station M162, stromatolites of member 5 of
the Nyeboe Formation are directly overlain by a 0.5–1 m
thick layer of basaltic rocks with pillow structures, which is
in turn covered by a 0–2 m thick, aphanitic, mafic volcanic
unit. A similar 0–3 m thick, aphanitic, mafic volcanic unit
was observed at station M012 (Figure 2a) and described by
Chandler (1988). Additional 0.4–2 m thick pillow structures containing amygdules are present at station M178
(Figure 2b). Although the rocks at station M178 were previously mapped as part of the Hansen Formation, the presence of the pillow structures suggests that they may instead
belong to the Nyeboe Formation. These are the first reports
of pillow structures in the Nyeboe Formation, and they
imply an extrusive, subaqueous depositional environment.

Hansen Formation
Outcrops of mafic rocks with brown weathered surfaces
and dark grey unweathered surfaces, interpreted as belonging to the Hansen Formation, were observed at eight stations. In the central part of the basin, four stations (F015,
F023, W006, W008; Figure 1) are characterized by dominantly aphanitic, massive mafic rocks (Figure 3a). These
rocks occur within the Sikosak Bay Formation (Fig-
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Figure 1: Simplified geological map of the area north of Fury and Hecla Strait, focusing on the Nyeboe and Hansen formations, Dybbol sill and mafic dykes, northwestern Baffin Island,
Nunavut. Sample sites are indicated. Place name with the generic in lower case is unofficial.

Mafic dykes
Along the coastline, the mafic dykes generally form prominent, well-exposed ridges (Figure 4a). Farther inland the
dykes are eroded flush with the basement gneiss and basin
rocks. Many of the dykes are laterally continuous for tens of
kilometres. At the outcrop scale, the dykes are massive,
weathered green to orange-brown and vary in thickness
from 10 to 500 m. Fresh surfaces are grey and typically display homogeneous, equigranular and ophitic textures.
Grain sizes range from fine to medium (0.5–2 mm) at the
margins of most dykes (Figure 4b), and from medium to
coarse (2–5 mm) at the centres of the dykes (Figure 4c).
Plagioclase agglomerates and laths up to 5 mm long are
common, clinopyroxene up to 5 mm long is abundant, and
disseminated magnetite is typically present.

Discussion and future work
The mapping of the Nyeboe Formation during the summer
of 2018 led to the discovery of volcanic pillow structures in
the Fury and Hecla Basin, confirming syndepositional
magmatism. Pillow basalts have also been described in the
Borden Basin’s Nauyat Formation, which includes four basalt units that are overlain by stromatolitic carbonate rocks
(Long and Turner, 2012). This differs from the Nyeboe Formation where the mafic volcanic units (and volcanic pillow
structures) overlie stromatolite beds, suggesting diachronous magmatism in similar shallow marine environments.
Figure 2: Field photographs of Nyeboe Formation mafic volcanic
rocks, northwestern Baffin Island, Nunavut: a) close-up of finegrained mafic rock at station M012 (coin is 28 mm in diameter);
b) pillow structures at station M178 (hammer is 75 cm long).

ures 1, 3b). In contrast, four stations in the western part of
the basin (M014, M015, M085, H128; Figure 1) are characterized by aphanitic to fine-grained (0–2 mm) mafic rocks
with discernable plagioclase up to 2 mm long (Figure 3c)
and columnar jointing, which is seen in cliff sections (Figure 3d). No clinopyroxene is visible. In this part of the basin, the Hansen Formation lies between the Nyeboe and
Sikosak Bay formations (Figure 1).

Dybbol sill
Exposures of the Dybbol sill are located on the Autridge
peninsula in Fury and Hecla Strait and along the coastline at
Cape Appel (Figure 1). Cliff outcrops measure up to 80 m
high, and given that there is no overlying unit in contact
with the sill, this represents a minimum thickness estimate.
The sill has characteristics that resemble the mafic dykes:
the rocks are relatively unaltered, gabbroic and have ophitic textures. Hand samples are homogeneous with fine- to
medium-grained plagioclase, pyroxene and abundant magnetite.
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Correlation of the volcanic formations across the Bylot basins is hampered by a lack of precise geochronology. The
volcanic formations of the Fury and Hecla Basin are interpreted to be related to the Mackenzie igneous event
(ca. 1268 Ma) based on K-Ar ages (with large uncertainties) from the Hansen Formation and from the Nauyat Formation in the Borden Basin (Chandler and Stevens, 1981;
Jackson and Ianelli, 1981). No ages have been determined
from the Nyeboe Formation. However, U-Pb dating of
baddeleyite from the Savage Point sill of the Hunting–
Aston Basin and the dolerite sills of the Smith Sound Group
from the Thule Basin (Ellesmere Island) has yielded an age
of ca. 1268 Ma, correlating theses formations to the Mackenzie igneous event (LeCheminant and Heaman, 1991).
In order to address the lack of precise geochronology data
and correlate the stratigraphy between the Bylot basins,
multiple geochronology samples have been collected to
help constrain the timing, duration and depositional environment of the volcanic and sedimentary units. This included 1) sampling of mafic rocks of the Nyeboe and Hansen formations for precise U-Pb zircon geochronology
studies; 2) sampling of the Agu Bay and Autridge formations for Re-Os dating and micropaleontological studies
(Greenman et al., 2018); 3) sampling of quartz arenite from
the Nyeboe, Sikosak Bay and Whyte Inlet formations and
Mikkelsen Member for U-Pb detrital-zircon geochronol-
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Figure 3: Field photographs of volcanic mafic rocks of the Hansen Formation, northwestern Baffin Island, Nunavut: a) fine-grained mafic
rock at station W008 (coin is 28 mm in diameter); b) contact (white dashed line) between Hansen Formation mafic volcanic unit (left) and
sandstone of the Sikosak Bay Formation (right) at station F015 (geologist is approximately 1.8 m tall); c) medium-grained mafic rock at station M014 with visible plagioclase laths (coin is 28 mm in diameter); d) cliff outcrop of the Hansen Formation with columnar jointing at station
M015.

ogy studies (Patzke et al., 2018); and 4) sampling of the
mafic–ultramafic Archean basement rocks for U-Pb zircon
geochronology studies (Bovingdon et al., 2018). The results will determine if correlations can be made across the
Bylot Supergroup and establish any links with the Mackenzie igneous event.

Previous studies on the timing and geological context of
emplacement of the Hansen Formation provide contradictory or ambiguous interpretations. The Hansen Formation
has been interpreted as both a shallow sill and/or a subaerial
flow (Blackadar, 1970; Chandler, 1988; Turner et al.,
2016). The rocks in the western part of the basin are generally fine to medium grained with columnar joints indicating
a relatively shallow emplacement. However, field relationships in the central part of the basin appear to show the
Hansen Formation cutting the Sikosak Bay Formation. The
nature of the Hansen Formation will be further studied
through geochemical analyses.
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Based on field observations, the Dybbol sill and the mafic
dykes that cut through the Fury and Hecla Basin have similar mineralogy and textures. Chandler (1988) suggests that
the sill is probably cut by the mafic dykes, based on an
airphoto interpretation. Because the contacts between the
mafic dykes and the Dybbol sill are covered, the possibility
that the sill may be comagmatic with the dykes remains
open. Evidence of such comagmatism has been observed
on Victoria Island (Northwest Territories) where Franklin
dykes feed laterally into the sills at Minto Inlet (Heaman et
al., 1992).
The mafic dykes that cut the Fury and Hecla Basin and surrounding basement rocks have characteristics similar to
Franklin dykes described elsewhere on Baffin Island: they
follow the same general southeastward trend and have
comparable mineralogical and textural traits. The southeastward trends measured for the dykes in and around the
Fury and Hecla Basin can be extrapolated back to Melville
Island, suggesting they are part of the radial dyke swarm
that initiated during the Franklin igneous event (Heaman et
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and sills emplaced during the Franklin igneous event. New
U-Pb zircon and/or baddeleyite geochronology studies will
be conducted to improve geochronological constraints on
Neoproterozoic magmatism associated with the development of the Fury and Hecla Basin.
Whole-rock geochemical and isotope analyses will be performed to characterize each of the mafic rock units identified during the 2018 field season, and provide chemical evidence to further interpret their magmatic sources,
chemical evolution and potential relationships with mafic
rocks elsewhere in the Bylot basins. Additionally, samples
from a basaltic flow in the Nyeboe Formation (M162) and
two mafic dykes (H112, M147) were collected for paleomagnetic investigations. Results from this work will provide new paleomagnetic data to help constrain global paleoplate reconstructions and further characterize tectonic
changes during the development of the Fury and Hecla
Basin.

Economic considerations
Both the Mackenzie (ca. 1268 Ma) and Franklin (723–
718 Ma) igneous events produced large continental flood
basalts, mafic dyke swarms and sills that are potential hosts
for nickel–copper–platinum group elements (PGE) ore deposits (Naldrett, 2004). For example, Jefferson et al.
(1994), Naldrett (1999) and Saumur et al. (2016) discussed
the important metal potential of high Arctic mafic dykes
and sills, such as those in the Minto Inlier, that are associated with the Franklin igneous event. Conversely, the
1100 m thick continental flood basalts of the Natkusiak
Formation on Victoria Island (Northwest Territories), part
of the Franklin magmatism, have thus far provided no evidence for economic mineralization (Heaman et al., 1992).
Although pyrite and chalcopyrite mineralization has been
found in association with Franklin dykes and gabbroic intrusions cutting the Mary River Group (Johns and Young,
2006), no similar mineralization has been observed in the
mafic rocks of the Nyeboe and Hansen formations, or the
mafic dykes and sills within the Fury and Hecla Basin.
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Figure 4: Photographs of mafic dykes, northwestern Baffin Island,
Nunavut: a) the positive relief of mafic dykes is typical in exposures
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the dyke at station H064; c) coarse-grained gabbro sample from
the centre of the dyke at station H064.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with CrownIndigenous Relations and Northern Affairs Canada, and researchers and students from Laurentian University, McGill University and
Université du Québec à Montréal. The multiyear project involves mapping 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 Island and Melville Peninsula, respectively (NTS 37C, F, 47C–H and
48A).
Greenman, J.W., Patzke, M., Halverson, G.P. and Ielpi, A. 2020: Updated stratigraphy of the Fury and Hecla Group of Melville Peninsula
and northwestern Baffin Island, Nunavut; in Summary of Activities 2019, Canada-Nunavut Geoscience Office, p. 37–50.

Abstract
Sedimentary rocks of Meso- to Neoproterozoic age exposed in northern Nunavut accumulated during the amalgamation of
the supercontinent Rodinia and preserve key fossils recording the evolution of eukaryotic life. The Fury and Hecla Basin is a
poorly understood remnant of the late Mesoproterozoic Bylot basin system, which also includes the Borden, Thule and
Hunting-Aston basins. The Fury and Hecla Group comprises between 2.8 and 6 km of predominantly siliciclastic rocks with
minor basalt and sedimentary carbonate deposits. A report on the first complete detailed stratigraphic section, which spans
from the basal nonconformity with crystalline rocks of the Rae craton to the uppermost exposed strata of the Fury and Hecla
Group, is presented in this paper. Additionally, new field observations of thus far poorly understood carbonate rocks on
Saglaarjuk (formerly Amherst Island)—one of the islands located within Fury and Hecla Strait—make it possible to assign
them to the Agu Bay Formation. These results from the 2019 field season conclude a two-year project on the Fury and Hecla
Basin and establish the geological framework for ongoing geochronological, paleobiological, provenance and geochemical
studies across the Meso- to Neoproterozoic boundary.

Résumé
Les roches sédimentaires datant du Mésoprotérozoïque au Néoprotérozoïque exposées dans le nord du Nunavut se sont
accumulées durant l’amalgamation du supercontinent Rodinia; ces roches ont préservé des fossiles clés du début de
l’évolution de la vie eucaryotique. Le bassin de Fury and Hecla est un vestige méconnu du système de bassins de Bylot
datant de la fin du Mésoprotérozoïque, lequel comprend les bassins de Borden, de Thule et de Hunting-Aston. Le Groupe de
Fury and Hecla est constitué de 2,8 à 6 km de roches à prédominance silicoclastique, qu’accompagnent quelques unités
basaltiques et des dépôts sédimentaires carbonatés. La présente communication fait état de la première section
stratigraphique détaillée complète qui ait été relevée; cette dernière s’étend de la discordance avec les roches cristallines du
craton de Rae à la base de la section jusqu’aux couches les plus exposées du Groupe de Fury and Hecla. De plus, de
nouvelles observations de terrain de roches carbonatées jusqu’ici méconnues de Saglaarjuk (anciennement l’île Amherst),
l’une des îles situées dans le détroit de Fury and Hecla, permettent de les attribuer à la formation d’Agu Bay. Les résultats de
la saison de travaux d’exploration 2019 mettent un terme au projet de deux ans sur le bassin de Fury and Hecla et permettent
d’établir le cadre géologique pouvant servir aux études en cours de nature géochronologiques, paléobiologiques et
géochimiques, ainsi que des régions d’origine, dans le contexte de la transition méso-néoprotérozoïque.

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/2019/.
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Introduction
Strata approximately one billion years old deposited within the Fury and Hecla Basin are exposed on Baffin Island, Melville Peninsula and
islands within Fury and Hecla Strait. This basin
is postulated to be broadly contemporaneous
and presumably related to the Borden, Thule
and Hunting-Aston basins of northeastern Canada and northwestern Greenland, which are collectively referred to as the Bylot basins (Figure 1). These sedimentary rocks have aroused
renewed interest in recent years as they span the
Meso- to Neoproterozoic boundary, a period for
which there are few remaining geological archives globally. Currently, it is not possible to
correlate the successions between basins confidently owing to their disparate lithostratigraphy
and the general paucity of depositional-age constraints. Different tectonostratigraphic models
Figure 1: Distribution of the Bylot basins in northeastern Canada and northwesthave been proposed for these basins and most of
ern Greenland (modified from Dawes, 1997; Greenman et al., 2018). Box with
them depend on evidence from exceptionally
red dashed border shows the location of the Fury and Hecla Basin.
well exposed rocks collected in the Borden BaHecla Basin, are summarized. This 2019 fieldwork benesin on northern Baffin Island (Jackson and Ianelli 1981;
fited from results acquired during the 2018 field season,
Sherman et al., 2002; Turner et al., 2016; Gibson et al.,
conducted north of Fury and Hecla Strait on northwestern
2019). The development of time-constrained stratigraphic
Baffin Island, which focused on regional mapping, basin
frameworks from both the Fury and Hecla and Thule basins
architecture and sample collection. In 2019, field studies
can be used to test and improve such tectonostratigraphic
were conducted along the coast of northern Melville Peninmodels. In this paper, field observations from the second
sula and islands within Fury and Hecla Strait (Figure 2).
year of the Fury and Hecla Geoscience Project, which aims
The information thus collected contributes to and expands
to provide the stratigraphic framework for the Fury and

Figure 2: Geology of the Fury and Hecla Basin (modified from Chandler, 1988), northwestern Baffin Island, Nunavut, showing the location
of measured section WG1901, indicated by the solid black line, on northwestern Melville Peninsula. Abbreviations: Fm., Formation; Mb.,
Member.
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upon the initial results presented in Greenman et al. (2018)
and Patzke et al. (2018).
Estimates of the total thickness for the Fury and Hecla Group
range widely (Chandler, 1988), casting uncertainty on
lithostratigraphic linkages to other Bylot basin successions. An overarching goal of the 2019 field season was to
measure a complete stratigraphic section comprising all the
formations of the Fury and Hecla Group. One such section
was mapped by Long and Turner (2012), who measured a
detailed stratigraphic section through the Whyte Inlet Formation; for the purpose of this study, a complete section
(WG1901; Figures 1, 3) was measured on the northern
coast of Melville Peninsula, near their section.
Another goal of the 2019 field season was to visit carbonate
rocks exposed on Saglaarjuk (formerly Amherst Island) in
the eastern part of Fury and Hecla Strait (Figure 2), which
were first described by Blackadar (1958). These strata were
previously interpreted to overlie the Fury and Hecla Group
and to correlate to the middle carbonate rocks of the Bylot
Supergroup, which represents the fill of the Borden Basin
(Jackson and Ianelli, 1981; Chandler, 1988). Additionally,
a composite geological map, produced by Scott and de
Kemp (1998), placed these carbonate units within the Autridge Formation—a solution that involved complex field
relationships. To resolve the stratigraphic uncertainty and
establish a more robust geological map of the Fury and
Hecla Basin, another major objective of the 2019 field season was to collect additional stratigraphic data and samples
from carbonate deposits exposed on Saglaarjuk.
Collectively, these contributions concluded a two-year
mapping project focused on the Fury and Hecla Basin and
provided the basis for forthcoming analyses, such as rhenium-osmium (Re-Os) and detrital-zircon uranium-lead
(U-Pb) geochronology, hafnium-isotope analysis for sediment provenance studies, and both paleobiological and
geochemical analyses. The results from these analyses will
help in the development of an updated tectonostratigraphic
framework for the Bylot basins by incorporating new data
from the Fury and Hecla Basin. The results will ultimately
contribute to establishing a comprehensive timeline of the
Meso- to Neoproterozoic transition in northeastern Laurentia.

Geological setting
The Bylot basins are exposed in northeastern Canada and
northwestern Greenland, and record deposition on the Rae
craton during the amalgamation of Rodinia and related
peak-Grenvillian orogenesis (Gibson et al., 2019). Strata
deposited within these basins all nonconformably overlie
Archean to Paleoproterozoic crystalline terranes and consist of sedimentary units with minor volcanic rocks occurring near the base of the succession. These basalt units are
commonly interpreted to be coeval with the ca. 1.27 Ga
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Mackenzie large igneous province (LIP; LeCheminant and
Heaman, 1989), implying that the origin of the basins may
be linked to extension and/or thermal relaxation resulting
from LIP emplacement. Strata in each basin are also crosscut by mafic dykes associated with the ca. 720 Ma Franklin
LIP (Jackson and Ianelli, 1981; Chandler, 1988).
The Fury and Hecla Group consists of ~2.8 to 6 km of predominantly siliciclastic sedimentary rocks with minor carbonate and mafic units, all gently dipping (<25º) within the
basin. Formations include, in ascending order, the Nyeboe,
Hansen, Sikosak Bay, Agu Bay (Dolomite, Black Shale and
Redbed members), Whyte Inlet and Autridge (Mikkelsen
and Cape Appel members) formations (Table 1; Figure 4a–
x). On Baffin Island, outcrops of the Fury and Hecla Group
extend from Foss Fiord to Elder Island (Figure 2). The most
prominent exposures within Fury and Hecla Strait are located on Saglirjuaq (formerly Liddon Island) and Saglaarjuk. Exposures also occur on northernmost Melville Peninsula, between Alfred Island and the Northeast Cape.

Methods
Field observations were collected on exposures of sedimentary rocks on Melville Peninsula and islands within
Fury and Hecla Strait, through helicopter-supported outcrop stops, foot traverses and stratigraphic logging. A stratigraphic section 2.8 km thick of the Fury and Hecla Group
was measured using a Jacob’s staff and the thickness of
stratigraphic gaps was calibrated using GPS measurements. Samples for detrital zircon geochronology, chemostratigraphy and micropaleontology were opportunistically
sampled.

Results
Stratigraphic section WG1901
A complete stratigraphic section (described below) of the
Fury and Hecla Group was measured on northeastern Melville Peninsula (Figures 2, 3; Table 1). This section spans
each formation from the basal contact with the basement to
the uppermost Cape Appel Member of the Autridge Formation. The Dolomite member of the Agu Bay Formation and
the Mikkelsen Member of the Autridge Formation were not
identified in the section.
The Nyeboe Formation displays considerable lateral facies
variation across the basin (Patzke et al., 2018) and here
comprises ~420 m of crossbedded, poorly sorted sandstone
that is pebbly in places. Across the poorly exposed lower
contact, conglomerate and pebbly sandstone overlie
heavily weathered granitoid basement rocks (Figure 4a, i,
j). Pebble lags and conglomeratic layers are somewhat
more common in the basal strata (Figure 4j, l). Troughcrossbedded sandstone exhibiting rhythmic grain-size alternation is also common in basal strata (Figure 4k). A red-
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Figure 3 (this page and next): Stratigraphic section WG1901 of the Fury and Hecla Group on northern Melville Peninsula, northwestern
Baffin Island, Nunavut (section location shown in Figure 2 and individual formation descriptions given in Table 1). Abbreviations: c.,
claystone; g., gravel; ms., medium sandstone; si., siltstone.
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Table 1: Formations of the Fury and Hecla Group exposed along section WG1901 on northwestern Baffin Island, Nunavut.

oxidized basalt layer 1.1 m thick is present near the top of
the Nyeboe Formation and comprises basal amygdaloidal
lenses and pillows with angular brecciated clasts at the top
(Figure 4b, m, n). This basalt is sandwiched between lower
red siltstone and overlying well-cemented sandstone. The
upper Nyeboe Formation comprises predominantly troughcrossbedded sandstone and siltstone intervals with syneresis cracks and mud clasts. The contact with the overlying
Hansen Formation is sharp. The Hansen Formation is
~30 m thick and comprises homogeneous columnar-jointed
basalt (Figure 4c). The contact between the Hansen
Formation and overlying Sikosak Bay Formation is likewise sharp.
The Sikosak Bay Formation is a homogeneous unit comprising very well sorted, medium-grained, white- to tancoloured quartz arenite with ubiquitous planar and trough
crossbeds bounded by rippled stratal boundaries. Metrescale foresets composed of inclined beds are present (Figure 4o). The exposure of the Sikosak Bay Formation ends
abruptly and passes upsection into a covered interval that is
interpreted as representing recessive shale of the lower Agu
Bay Formation. The 450 m thick Agu Bay Formation is
poorly exposed, except for a few discontinuous outcrops of
black shale and red silty sandstone (Figure 4r, t). The Black
Shale member, approximately 125 m thick, is exposed only
at two locations (Figures 3, 4r). Sandstone underlying the
second black shale outcrop contains mud clasts and desiccation cracks (Figure 4s). The overlying Redbed member
of the Agu Bay Formation is exposed in a series of evenly
spaced and laterally continuous red sandstone strata sets
that locally protect the underlying recessive red siltstone
from erosion (Figure 4t).
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The gradual onset of better exposure comprising tan-coloured sandstone represents the transitional contact with the
Whyte Inlet Formation, which is ~1680 m thick. The Whyte
Inlet Formation (Figure 4f) is dominated by mature quartz
arenite, but the lower 325 m comprise two recessive intervals of red, heterolithic shale and sandstone with syneresis
cracks and wavy laminations. The upper Whyte Inlet Formation is characterized by homogeneous quartz arenite.
Packages of mesoscale, cross-stratified quartz arenite (Figure 4v) alternate with packages of thin- to medium-planar–
bedded sandstone displaying ripples and trough-crossbeds
(Figure 4u). Thin discontinuous conglomeratic layers are
common in the Whyte Inlet Formation. The contact between the Whyte Inlet Formation and the Autridge Formation is sharp, with sandstone abruptly overlain by recessive
shale. The shale-dominated Cape Appel Member forms the
top of section WG1901 and consists of fine shaly subcrop
and a single outcrop of mudstone 4.5 m thick, with scattered
siltstone interbeds (Figure 4x).

Saglaarjuk
Exposures on Saglaarjuk are horizontally bedded and belong to the southern limb of a north-northwest-plunging
syncline. White, crossbedded quartz arenite is exposed in a
small outcrop on the northwestern shore of the island. Flatlying strata are exposed in the east-central part of the island
and comprise at least 1.5 m of black shale overlain by 1.7 m
of stromatolitic dolostone (Figure 4d, p). The black shale
unit contains thin siltstone interbeds with ripples and mud
rip-up clasts. Isolated metre-scale stromatolitic bioherms
are rare but generate positive topography owing to their resilience to erosion (Figure 4q).
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Figure 4: Outcrop and field photographs of the Fury and Hecla Group, northwestern Baffin Island, Nunavut: a) basal unconformity of the
Fury and Hecla Group on northwestern Melville Peninsula (hammer circled in white for scale); b) upper Nyeboe Formation overlain by the
Hansen Formation, with red basalt unit of section WG1901 indicated by the white arrow (geologist circled in white for scale); c) Hansen Formation overlain by the Nyeboe Formation exposed along the coast of Melville Peninsula; d) horizontally bedded exposure of the Dolomite
member of the Agu Bay Formation on Saglaarjuk; e) canyon exposure of parasequences of the Redbed member of the Agu Bay Formation
on Baffin Island; f) thick exposure of the Whyte Inlet Formation at Ulunnguaq.
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Figure 4 (continued): Outcrop and field photographs of the Fury and Hecla Group, northwestern Baffin Island, Nunavut: g) canyon exposure of the Mikkelsen Member of the Autridge Formation on Baffin Island; h) river-cut exposure of the Cape Appel Member of the Autridge
Formation on Baffin Island (geologist circled in white for scale); i) highly weathered granitoid basement underlying basal contact of the Fury
and Hecla Group (Nyeboe Formation), on northwestern Melville Peninsula; j) basal extraformational conglomerate of the Nyeboe Formation sitting directly atop basement(close up of area shown in 4a; coin circled in white for scale); k) trough cross-stratification with subtle ripple tops of the lower Nyeboe Formation from section WG1901 (coin circled in white for scale); l) pebble-lag deposits of the lower Nyeboe
Formation from section WG1901 (coin circled in white for scale).
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Figure 4 (continued): Outcrop and field photographs of the Fury and Hecla Group, northwestern Baffin Island, Nunavut: m) fresh face of
red-oxidized amygdaloidal basalt of the Nyeboe Formation (close up of area shown in 4b; coin for scale); n) pillows at the top of the Nyeboe
basalt unit exposed on Baffin Island; o) tabular, crossbedded, tan-weathering quartz arenite typical of the Sikosak Bay Formation (photo
taken from section WG1901); p) plan view exposure of stromatolitic dolostone of the Agu Bay Formation, on Saglaarjuk. q) isolated
biohermal stromatolite of the Agu Bay Formation on Saglaarjuk; r) typical black shale of the weathering, generally recessive, Black Shale
member of the Agu Bay Formation from section WG1901 (coin circled in white for scale).
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Figure 4 (continued): Outcrop and field photographs of the Fury and Hecla Group, northwestern Baffin Island, Nunavut: s) plan-view exposure of desiccation cracks from a sandstone layer underlying a second outcrop of the Black Shale member of the Agu Bay Formation from
section WG1901; t) red-weathering, thin- and wavy-bedded, fine-grained sandstone of the Redbed member of the Agu Bay Formation from
section WG1901 (coin for scale); u) plan-view exposure of symmetric wave ripples from the Whyte Inlet Formation from section WG1901
(coin circled in black for scale); v) large-scale tabular crossbedding in the Whyte Inlet Formation from section WG1901 (hammer circled in
white for scale, yellow lines highlight cross-stratification and bedding); w) medium- to thick-bedded sandstone with flooding surfaces typical of the Mikkelsen Member of the Autridge Formation, viewed within a canyon exposure west of Whyte Inlet on Baffin Island; x) brownweathering silty shale of the Cape Appel Member of the Autridge Formation from section WG1901.
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Saglirjuaq and Ulunnguaq
Saglirjuaq (formerly Liddon Island) and Ulunnguaq are located in the eastern part of the Fury and Hecla Basin (Figure 2) and contain chemically and texturally mature quartz
arenite. Ulunnguaq presents roughly 4 km of continuous
outcrop. The sedimentology of this exposure is characterized by a relatively monotonous medium-grained quartz
arenite. Scoured, trough-crossbedded sandstone at the base
of the exposure grades into metre-scale units of troughcrossbedded, hummocky cross-stratified and ripplecrosslaminated beds. The frequency of pebble lags increases upsection. Outcrop on Ulunnguaq is extensively altered in the form of Liesegang banding.

Discussion
The most complete section of the Fury and Hecla Group on
Melville Peninsula comprises ~2.8 km of strata, which represents the best estimate of the group’s total thickness. A
westward-deepening trend is interpreted for the basin,
based on the increasing abundance of finer grained and
shale-prone lithofacies westward; consistently, terrestrial
and shallower marine facies in the Whyte Inlet Formation
are limited to the eastern Fury and Hecla Basin (Chandler,
1988; Greenman et al., 2018). Composite sections in Chandler (1988) display eastward thickening; therefore, section
WG1901 might represent a minimum estimate for the total
thickness of the Fury and Hecla Group.
The Nyeboe Formation comprises the most heterogeneous
facies assemblage in the Fury and Hecla Group. Depositional environments include terrestrial and shallow-marine settings, with basalt units recording pulses of subaqueous volcanism. On Melville Peninsula, the Sikosak Bay
Formation records a long-lived marine-shoreface setting,
as interpreted in Patzke et al., (2018). On Melville Peninsula, the Hansen Formation is observed to crosscut the
Nyeboe Formation (Figure 4c), corroborating the initial interpretation arrived at in this study, which identifies the
Hansen Formation as a shallow, low-angle sill (Greenman
et al., 2018; Patzke et al., 2018; Steenkamp et al., 2018).
The facies interpretation of the Agu Bay Formation in section WG1901 is heavily based on previous observations of
each member on Baffin Island. Notably, the Dolomite
member of the Agu Bay Formation is absent from
WG1901, which is consistent with its limited lateral extent
(as previously observed by Chandler, 1988) and evidence
for the westward deepening in the basin. Additionally, the
Black Shale member is relatively thick along section
WG1901, compared to measured sections on Baffin Island
(Chandler, 1988; Greenman et al., 2018). The Redbed
member is very poorly exposed, but its cyclic nature (Figure 4e) has been previously documented and is useful for
mapping purposes (Chandler, 1988; Greenman et al.,
2018). Canyon exposures (Figure 4e) are absent on Mel-
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ville Peninsula, but on Baffin Island, clinoform
parasequences of the Redbed member exposed in canyons
(Figure 4e) can be traced toward flatter landscapes and
demonstrate considerable similarity to what is observed on
Melville Peninsula. Therefore, regularly spaced (decametre) sandstone beds at the top of the Agu Bay Formation
along section WG1901 are interpreted to represent the tops
of prograding nearshore-marine parasequences. The contact with the Whyte Inlet Formation is placed at the transition to dominantly white, weathering-resistant quartz
arenite. Poorly preserved red-siltstone packages are observed in the lower ~350 m of the Whyte Inlet Formation
and record intermittent flooding events that interrupted the
otherwise sand-dominated deposition. Upsection, shale intervals become rare and deposition is interpreted to have
accumulated in the lower to upper shoreface zone reaching
a remarkable stratigraphic thickness (>1.3 km), thus highlighting long-term balance between sediment supply and
accommodation-space generation. The Cape Appel Member of the Autridge Formation is very poorly preserved on
Melville Peninsula. The Mikkelsen Member is only present
in the northwestern part of the basin (Figure 4w) and is
absent from section WG1901. The absence of any
sandstone layers in the Autridge Formation at section
WG1901 indicates that the Cape Appel Member comprises
only silty shale in this part of the basin.

Saglaarjuk
An outcrop on the island of Saglaarjuk exposing a thin,
black shale unit overlain by stromatolitic dolostone (Figure 4d, p, q) matches the field characteristics of the Dolomite member of the Agu Bay Formation described in sections WG-1 and WG-3 in Greenman et al. (2018). Previous
work (Blackadar, 1958; Jackson and Ianelli, 1981; Chandler, 1988; Scott and DeKemp, 1998) suggested that these
carbonate deposits belong to the upper Autridge Formation, as they appear to overly the Whyte Inlet Formation on
Baffin Island in the upper stratigraphy of a gentle monocline; however, observations made during this study revealed that strata on Saglaarjuk dip subhorizontally (<5º)
and the simplest explanation would be to place them close
to the core of a broad syncline (Figure 2). Sedimentological
observations and dip measurements represent two independent lines of evidence corroborating that carbonate deposits on Saglaarjuk are instead part of the Agu Bay Formation. The Dolomite member remains a thin, locally
developed carbonate unit, but exposures on Saglaarjuk extend its known boundaries. This result also suggests that the
Bylot Supergroup and Fury and Hecla Group are lithologically very distinct, particularly in the middle part of
their respective stratigraphy, where carbonate deposits
dominate the former but are virtually absent in the latter. It
is unclear at this time if the Dolomite member of the Agu
Bay Formation can be correlated to carbonate deposits of
the Uluksan Group of the Bylot Supergroup. Reconciling
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such contrasting stratigraphic development in a comprehensive basin model will be an overarching goal of future
research.

Saglirjuaq and Ulunnguaq
Blackadar (1958) previously attributed exposures on
Saglirjuaq and Ulunnguaq to the Nyeboe and Agu Bay formations. However, due to the monotonous, vertically continuous outcrops, these exposures should instead be attributed to the Whyte Inlet Formation and they have been
interpreted to represent a long-lived marine shelf that deposited sand predominantly in the shoreface zone. Saglirjuaq and Ulunnguaq are preserved near the core of a broad
syncline centred in Fury and Hecla Strait. The Whyte Inlet
Formation is laterally continuous, as sections measured on
Ulunnguaq broadly correlate with other exposures on
Melville Peninsula and Baffin Island.

Economic considerations
Proterozoic basins often preserve unconformity-related
uranium mineralization along their basal contact, particularly when sandstone strata are found overlying granitoid
basement rocks (Jefferson et al., 2007). Gamma-ray spectrometry yielded background levels of radiation at selected
locations in the Fury and Hecla Basin (Patzke et al., 2018).
Although the past-producing Nanisivik mine of the Borden
Basin contains carbonate-hosted base-metal deposits
(Patterson and Powis, 2002; Turner, 2011; Hnatyshin et al.,
2016; Gibson et al., 2017b), similar mineralization patterns
have not been observed in the Fury and Hecla Basin to date.
Chandler (1988) considered the ‘Autridge Formation carbonates’ (on Saglaarjuk) to be possible candidates for lead
and zinc mineralization; however, these carbonate units,
now understood to belong to the Agu Bay Formation,
likewise showed no evidence of mineralization.

Conclusions
Strata of the Bylot basins span the Meso- to Neoproterozoic
boundary in Earth’s history, a period for which few wellpreserved geological archives are available. Therefore,
intracratonic basins such as the Bylot basins provide a
unique window onto a better understanding of past climatic, tectonic and biological conditions during an understudied part of the Proterozoic. Recent work in the Borden Basin has provided glimpses into ca. 1 Ga ocean chemistry
(Gibson et al., 2019) and the evolution of early photosynthesizing eukaryotes (Gibson et al., 2017a). Placing these
results in a broader paleogeographic and basin context requires resolved tectonostratigraphic data from adjoining
areas such as the Fury and Hecla Basin. New field results
from 2019 fieldwork on Melville Peninsula and in Fury and
Hecla Strait include the measurement of a stratigraphic section 2.8 km thick, and key findings from targeted traverses
and outcrop visits, on Saglaarjuk and Ulunnguaq. These re-
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sults resolve geological uncertainty of specific areas within
the Fury and Hecla Basin, and provide the basis for ongoing
geochronological, geochemical, microfossil and provenance datasets.
A simple lithostratigraphic correlation is not yet possible
between the Fury and Hecla Group and the Bylot Supergroup, which presents a formidable challenge when reconstructing the tectonodepositional history of the broader
Bylot basins. Ongoing Re-Os and U-Pb detrital geochronology should provide much-needed chronostratigraphic tie
points and will ultimately contribute to a better understanding of how the Bylot basins evolved on northeastern
Laurentia during the Meso- to Neoproterozoic transition.
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The Fury and Hecla Geoscience Project (FHGP) is being led by the Canada-Nunavut Geoscience Office in collaboration with CrownIndigenous Relations and Northern Affairs Canada, and researchers and students from Laurentian University, McGill University and
Université du Québec à Montréal. The multiyear project involves mapping 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 Island and Melville Peninsula, respectively (NTS 37C, F, 47C–H and
48A).
Tremblay, T., Sasseville, C. and Godbout, P.M. 2020: Geochemistry and mineralogy of glacial sediments, north of Fury and Hecla Strait,
northwestern Baffin Island, Nunavut; in Summary of Activities 2019, Canada-Nunavut Geoscience Office, p. 51–64.

Abstract
The objective of this project is to reconstruct the glacial history and evaluate the mineral potential of the area on the north
coast of Fury and Hecla Strait, northwestern Baffin Island, from the study of glacial sediments. Following till sampling conducted in 2018, laboratory work was performed on the samples, including geochemical, heavy minerals and sedimentological analyses. Till compositions were classified between five characteristic lithology groups and compared with the geochemistry of different pebble lithologies. The geochemical and mineralogical data will provide additional baseline data to
guide future mineral exploration and infrastructure studies (permafrost and geotechnical) in the region. The region displays
mineral exploration potential for uranium, iron and diamonds. A minor, but still uncertain, potential is that for white and
clear corundum grains; their presence in till is reported here but further investigation is required to assess their significance.

Résumé
Ce projet a pour objectif de permettre la reconstitution de l’histoire glaciaire de cette région, située sur la côte nord du détroit
de Fury and Hecla, au nord-ouest de l’île de Baffin, à partir de l’étude de sédiments de cette même époque, tout en évaluant
son potentiel minier. Des échantillons de till recueillis en 2018 ont été analysés en laboratoire afin d’établir leurs
caractéristiques géochimiques et sédimentologiques et leur teneur en minéraux lourds. Les tills ont été répartis selon cinq
groupes lithologiques caractéristiques et comparés aux paramètres géochimiques de divers types lithologiques de galets.
Les données géochimiques et minéralogiques fourniront des données de référence supplémentaires susceptibles d’aider à
mieux orienter les travaux d’exploration minérale futurs ainsi que les études liées aux infrastructures (pergélisol et
géotechnique) dans la région. Cette dernière semble prometteuse en matière d’exploration minérale et pourrait receler de
l’uranium, du fer et des diamants. Il y a même une possibilité, bien que moindre et incertaine, que la région puisse receler des
grains de corindon clair et blanc; leur présence dans le till a été notée mais des recherches supplémentaires s’imposent afin
de déterminer leur importance.

Introduction
The objective of the surficial geology component of the
Fury and Hecla Geoscience Project is to reconstruct the glacial history and evaluate the mineral potential from the
study of glacial sediments from the area located north of

Fury and Hecla Strait, northwestern Baffin Island (Figure 1). Following till sampling conducted in 2018,
laboratory work was performed, including geochemical,
heavy minerals and sedimentological analyses. Tremblay
and Godbout (2018) mapped ice-flow indicators using
Landsat and SPOT satellite imagery, aerial photographs,

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/2019/.
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Figure 1: Selected glacial geomorphology features, ice-flow lines and glaciodynamic zones of the study area, northwestern Baffin Island (modified from Tremblay and Godbout, 2018). Digital
elevation model (DEM) from the 0.5 m horizontal resolution, high-resolution digital elevation model (HRDEM; Natural Resources Canada, 2018) developed from ArcticDEM dataset (Porter et
al., 2018) and from a Canadian digital elevation model (CDEM; Natural Resources Canada, 2015).

multibeam bathymetry and digital elevation models
(DEM), which together with previous surficial mapping
studies helped to reconstruct the ice-flow history of the
study area (Figure 1). The geochemical and mineralogical
data from till samples collected for this project will provide
additional baseline data to guide future mineral exploration
and infrastructure studies (permafrost and geotechnical) in
the region.

Location
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 (Figure 1). Maximum elevation in the study area is 603 m asl.

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). A local ice divide persisted on the Saputing Lake–Gifford River plateau
(Gifford-Saputing ice divide). Glaciodynamic units were
mapped in Tremblay and Godbout (2018; Figure 1), including cold-based zones (CB; corresponding to areas where
signs of glacial erosion are virtually absent from the landscape), intermediate cold-based zones (IB; representing a
transition zone) and warm-based zones (WB; displaying
increasing signs of glacial activity, such as streamlined outcrops and bedrock hills, linear glacial erosion corridors and
macroforms).

Methods

Geological setting

Sample collection

The bedrock geology of the study area consists of basement
lithologies of the Archean and Paleoproterozoic (PP) Rae
domain (mostly felsic orthogneiss, mafic–ultramafic intrusive complex and felsic intrusive bodies) unconformably
overlain by Mesoproterozoic rocks of the Fury and Hecla
Group (quartzitic sandstone, sandstone, mudstone, carbonate and volcanic rocks). Neoproterozoic mafic dykes and
sills intrude older Precambrian rocks. Paleozoic carbonate
rocks and sandstones overlie basement rocks on Crown
Prince Frederik Island and in the northwestern and northeastern sector of the study area (Figure 2a; Chandler, 1980;
de Kemp and Scott, 1998; Steenkamp et al., 2018). Refer to
Tremblay and Godbout (2018) for a detailed overview of
the physiography, surficial geology and bedrock geology
of the area.

In July and August 2018, till was sampled at 45 sites and
submitted for sedimentological, geochemical and heavy
minerals analyses. Till samples were collected with a
shovel from frost boils, between 0 and 40 cm from the surface. Till sample weight was about 2 kg for geochemical
and sedimentological samples and about 9 kg for heavy
mineral samples. This paper presents the results of the analyses of these samples.

Mineral exploration in the study area was conducted by
Noranda Exploration Company Ltd. and Dejour Mines
Limited from 1977 to 1981 for uranium (Cusveller, 1999;
NunavutGeoscience.ca, 2015) and by De Beers Canada
Exploration Inc. in 2002 for diamonds (Government of
Nunavut et al., 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 (Figure 2e; NunavutGeoscience.ca,
2015). Two Geological Survey of Canada (GSC) till samples containing kimberlite indicator minerals (KIMs) were
reported by de Kemp and Scott (1998; Figure 2l) and
DiLabio and Knight (1998). Tremblay and Godbout (2018,
Figure 7c) documented an erratic clast of massive, hematitic (specularite), banded iron formation found in surficial
sediments (Figure 2f), indicating iron deposit potential in
the study area.
A synthesis of the ice-flow chronology for the study area
based on striations, macroforms and glacial dispersion evidence is presented in Tremblay and Godbout (2018; Figure 1). During the last glacial cycle (Dyke et al., 2003), the
main regional ice flow was influenced by the presence of
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Till geochemistry and sedimentology analyses
Forty-five till samples (~2 kg) were collected for sedimentological and geochemical analyses. The samples were processed at the GSC Sedimentology Laboratory (Ottawa, Ontario). Each sample was air dried and then split, with a
portion dry-sieved to recover the <63 µm for geochemical
analysis. Another portion was used for grain-size analysis,
and for the determination of inorganic carbon content, losson-ignition (LOI) and Munsell colour. Lastly, a third portion was saved for archival purposes.
The till sample grain-size distribution (sand, silt, clay) was
determined using a Beckman Coulter, Inc. LS 13 320 laser
particle sizing analyzer on the <63 µm fraction (see Girard
et al., 2004, for details on laboratory protocols). The grain
size of fractions between 63 µm and 2 mm was determined
by wet sieving on the >45 µm and <2 mm fraction, followed
by dynamic digital image processing using a HORIBA,
Ltd.’s CAMSIZER particle size and shape analysis system.
Inorganic carbon content and LOI were measured with a
LECO® Corporation CR412 carbon analyzer. Munsell colour determination was completed using X-Rite, Incorporated’s SP64 portable sphere spectrophotometer. In this
study, the colour of till is expressed with CIELAB parameters (Tremblay et al., 20204): L* is the lightness value
4

CNGO Geoscience Data Series GDS2020-001, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/
summary-of-activities/2019/.
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Figure 2: Sedimentology, geochemistry and heavy minerals results from till sampling program, north of Fury and Hecla Strait, northwestern
Baffin Island: a) bedrock geology and grain size; b) CIELAB colour parameters (a* and L*). Geochemical results are from the <63 µm fraction (blue full and black outline circles are samples from this study) and from the <2 µm fraction (orange full and red outline circles with white
dots are from Utting et al., 2008 and without white dots are from de Kemp and Scott, 1998). Heavy minerals results are from this study, unless otherwise noted. Background bedrock geology modified from Steenkamp et al. (2018), south of thick grey line and north of Fury and
Hecla Group; elsewhere, it is from de Kemp and Scott (1998), except for banded iron formation (BIF), which is from Lebeau et al. (2020).
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Figure 2 (continued): Sedimentology, geochemistry and heavy minerals results from till sampling program, north of Fury and Hecla
Strait, northwestern Baffin Island: c) SiO2 and Ca; d) Mg and Sr; e) U and La. See page 52 for description of geochemical plots and
background geology.
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Figure 2 (continued): Sedimentology, geochemistry and heavy minerals results from till sampling program, north of Fury and Hecla
Strait, northwestern Baffin Island: f) Ti and Fe; g) Zn and Pb; h) Ni and Cu. See page 52 for description of geochemical plots and background geology.
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Figure 2 (continued): Sedimentology, geochemistry and heavy minerals results from till sampling program, north of Fury and Hecla
Strait, northwestern Baffin Island: i) V and Cr; j) Au and gold grains normalized to 10 kg table feed; k) sulphide grains from nonferromagnetic heavy mineral concentrate (NFHMC). See page 52 for description of geochemical plots and background geology.
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Figure 2 (continued): Sedimentology, geochemistry and heavy minerals results from till sampling program, north of Fury and Hecla
Strait, northwestern Baffin Island: l) kimberlite indicator minerals (KIMs) grains from NFHMC, white dots indicate samples from de Kemp
and Scott (1998); and m) P and various minerals (barite, corundum, apatite, monazite) from NFHMC normalized to 10 kg table feed. See
page 52 for description of geochemical plots and background geology.

(black [0], white [100]); a* is a red-green colour value (red
[–100], grey [0], green [100]); and b* is a blue-yellow colour value (blue [–100], grey [0], yellow [100]). Carbonate
content was analyzed by titration with UIC Inc.’s CM5015
CO2 coulometer with CM5230 acidification module on the
<63 µm fraction, on a (maximum) 2 g sample.
A split of the <63 µm fraction was sent to Bureau Veritas
Minerals (Vancouver, British Columbia) for geochemical
analysis. Refer to McClenaghan et al. (in press) for a description of laboratory protocols. A 30 g split was digested
with modified aqua regia and analyzed by inductively coupled plasma–mass spectrometry (ICP-MS) for 65 elements,
including gold, base metals, platinum and rare-earth elements. Another 2 g split was analyzed using a lithium
metaborate/lithium tetraborate fusion and digestion in ni-
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tric acid followed by inductively coupled plasma–emission
spectrometry (ICP-ES) for major oxides and ICP-MS for
trace elements. Analytical accuracy and precision were
monitored by including GSC CANMET-certified standards (TILL-2 and TILL-4) inserted into the sample batch
at the GSC Sedimentology Lab and additional quality control samples inserted by Bureau Veritas Minerals (laboratory duplicates of samples, blanks, reference standards and
analytical duplicates). For some till samples, the <2 µm
fraction was geochemically analyzed using the methods
described above.
Whole rock X-ray fluorescence (XRF) analysis was performed at CSG Inc. in Montreal (Quebec) on clasts visually
selected from the >4 mm pebble fraction of till samples
TIAT18-172 and -173. The samples were crushed with a
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mortar and pestle. X-ray fluorescence geochemical analysis was conducted using a Vanta handheld XRF analyzer
from Olympus Corporation using 30, 60 and 60 seconds for
the 40, 10 and 50 kilovolt (kV) beams, respectively.
The <2 µm till samples from de Kemp and Scott (1998) and
Utting et al. (2008) were analyzed with ICP-ES and ICPMS respectively, after aqua-regia acid dissolution.

Heavy mineral analysis
Forty-two bulk till samples (9 kg average total weight)
were collected to produce heavy mineral concentrates
(HMC) for the recovery of indicator minerals, including
KIMs, sulphides, platinum group minerals, gold, gemstones and other minerals of interest using methods described in Plouffe et al. (2013). Samples were sent to Overburden Drilling Management Limited (ODM; Ottawa,
Ontario) for heavy mineral analysis. A standard pre-analysis treatment was applied to all samples, which included
initial sieving of pebbles (>2 mm; the 4–8 mm fraction was
separated for lithological counting) and preconcentration
of heavy minerals on a shaking table. The table concentrate
was panned to recover gold grains and metallic indicator
minerals, which were counted, described and returned to
the preconcentrate. The heavy mineral preconcentrate was
then further refined using heavy liquid separation (methylene iodide, specific gravity of 3.2) and ferromagnetic separation. The >0.25 mm fraction of the nonferromagnetic
heavy mineral concentrate (NFHMC) was examined with a
binocular microscope and various distinctive mineral species including KIMs and metamorphic massive-sulphide
indicator minerals (MMSIMs), which included gahnite, red
rutile, pyrite, chalcopyrite and arsenopyrite (Averill, 2001),
were visually identified. The mineralogical picking was
performed on three different size fractions (0.25–0.5 mm,
0.5–1 mm, 1–2 mm) of the NFHMC. Following further
preparation, binocular microscope identifications of
MMSIMs and KIMs were undertaken and supported in specific cases by scanning electron microscope (SEM) analysis. The indicator mineral abundances in the NFHMC
reported by ODM were subsequently normalized to 10 kg

of <2.0 mm material (table feed) prior to the interpretation
of the data.

Results and discussion
Maps with grain size, colour, geochemistry (on the <63 µm
fraction of samples from this study and the <2 µm fraction
of samples from de Kemp and Scott, 1998, and Utting et al.,
2008) and select HMC minerals are shown on Figure 2.
Complete data are presented in Tremblay et al. (2020). Both
the <63 µm and <2 µm fraction till geochemistry analyses
are presented in Figure 2, however, the following interpretation will focus solely on the <63 µm fraction analysis, because of the partitioning effect between both grain sizes
(Shilts, 1993). Data classification of geochemical results
for each size fraction were plotted as proportional circles on
Figure 2 using Jenks natural breaks classification method.
Based on the lithological content in the >2 cm pebble fraction of the till samples (see Figure 2 in Tremblay and
Godbout, 2018, and Tremblay et al., 2020), it is possible to
distinguish between tills with distinct geochemical and
sedimentological characteristics. Figure 2a shows the distribution of till samples and their characteristic pebble lithology classification. The samples for each characteristic
lithology group are clustered over corresponding bedrock
lithologies. Table 1 lists the average values of selected geochemical and heavy minerals data for each main pebble lithology group. Table 2 lists the main sedimentological
characteristics and the geochemistry mean values for each
group. It is noteworthy that most till samples classified as
Archean mafic–ultramafic rocks, Archean to Paleoproterozoic metasedimentary rocks, and felsic gneiss and granite
were collected in IB or CB settings, therefore, enhanced
weathering conditions might play a role in grain size, colour or the distribution of certain geochemical elements.
Also, glacial transport distances for till are expected to have
been relatively low in IB and CB settings. Additionally,
specific economically relevant parameters are presented in
the following section.

Table 1: Averages of select sedimentological and geochemical data for characteristic lithology groups from the till
samples, north of Fury and Hecla Strait, northwestern Baffin Island. Refer to text for more details on the CIELAB colour classification system: a* is a red-green colour value (red [–100], grey [0], green [100]); b* is a blue-yellow colour
value (blue [–100], grey [0], yellow [100]); and L* is a lightness value (black [0], white [100]). Clay is defined as <4 µm
for grain-size analysis. Colour intensity shown is a proportional scale between minimum and maximum values for
each data column, except for the value in white text as it is a high value outlier excluded from classification for clarity.
In the case of the CIELAB colour, the colour tone reflects the general information conveyed by the parameters, and
not the exact colour of the sediment. Abbreviation: PP, Paleoproterozoic.

Summary of Activities 2019

59

60

Canada-Nunavut Geoscience Office

Table 2: Average of select geochemical and heavy mineral data for characteristic lithology groups or lithologies, by medium (till or pebbles), north of Fury and Hecla Strait,
northwestern Baffin Island. The two lower sets of rows refer to the ratio between different main lithology groups or lithologies versus the felsic gneiss and granite till group
or the average granite and gneissic rocks lithology values. Till geochemical data were derived from aqua-regia digestion followed by inductively coupled plasma–emission spectrometry (ICP-ES) and –mass spectrometry (ICP-MS) on the <63 µm fraction, and pebble geochemical data were derived from the analysis of the bulk crushed
fraction with X-ray fluorescence. Green colour intensity is a proportional scale between minimum and maximum values for each data column, except for the values in
white text as they are the highest value outliers excluded from the green colour classification for clarity. In the two lower sets of rows, red indicates the high values and blue
indicates the low values for each element. Abbreviations: Ccp, chalcopyrite; PP, Paleoproterozoic; Py, pyrite; VG, visible gold.

The Archean mafic–ultramafic rocks till group is enriched
in several elements (Ca, Mg, Sr, Fe, Cr, V, Ti, Ni, Pb, Cu,
Zn, U, La, P) relative to other samples in the study area (Table 2). Background concentration of pyrite in this group is
high (0.57% of the 0.25–0.5 mm heavy mineral concentrate). The sand content of this group is similar to the other
groups (72.6%), but clay content is the highest (6.8%) of
the four noncarbonate groups listed in Table 1. This pattern
probably indicates that the terminal grade size of mafic–
ultramafic minerals is smaller relative to quartz and feldspar, which are typically more abundant in the rock types
that comprise the other four till groups. An alternate explanation would be that chemical weathering was more prevalent in the area of the mafic–ultramafic rocks and therefore
generated more clay-size minerals for incorporation into
the local till. The average colour of the mafic–ultramafic till
is light yellow-olive brown.
In the Archean to PP metasedimentary rocks till group, the
geochemical values for most elements are in-between the
mafic–ultramafic rocks till group and felsic gneiss and
granite till group (Table 2). This could be explained by the
presence of mafic–ultramafic rocks within an area that has
been chiefly mapped as metasedimentary rocks, or by the
geochemistry of the metasedimentary rocks themselves.
The SiO2 content of this group is slightly higher (65%) than
for the felsic gneiss and granite (64%) group and significantly higher than the mafic–ultramafic rocks group (58%;
Table 2). The average colour of the till in the Archean to PP
group is light grey-brown.
The felsic gneiss and granite till group has the highest sand
content (78%) and a general brown colour. Apatite and P
concentrations are generally spatially similar and apatite
seems to be equally distributed among all Archean and PP
rocks till samples. As shown in Table 2, for all listed comparable elements (Ca, Mg, Sr, Fe, Cr, V, Ti, Ni, Pb, Cu, Zn,
U, La, P), the average elemental ratios between the mafic–
ultramafic till group and the felsic gneiss and granite till
group are quite high in the till <63 µm fraction (average ratio = 2.0). The average elemental ratio between the mafic–
ultramafic pebbles (mostly gabbro from dykes) and granite
and gneissic rock crushed pebbles is also quite high
(average ratio = 2.6).
The Fury and Hecla Group sedimentary rocks till group is
generally light reddish-brown. The SiO2 content is the
highest (80%; Table 2) of all groups and linked with the preponderance of quartz arenite in the bedrock. Semiqualitative XRF analysis of the pebbles confirmed the prevalence
of Si in the Fury and Hecla Group pebble fraction. For the
Fury and Hecla Group, the ratio of selected elements (Ca,
Mg, Sr, Fe, Cr, V, Ti, Ni, Pb, Cu, Zn, U, La, P) versus the felsic gneiss and granite average 0.68 in the till <63 µm fractions and 0.56 for the crushed pebbles (Table 2). Although
the absolute concentrations are not to be compared directly
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between the till <63 µm fraction analyzed by the partial
method of aqua-regia digestion followed by ICP-MS or
ICP-ES and the crushed pebbles (bulk fraction) analyzed
by the whole rock XRF method, the values of relative ratios
are consistent with the pebble lithological counts found in
this region (see Tremblay and Godbout, 2018; Tremblay et
al., 2020).
The felsic gneiss and granite / Paleozoic carbonate rocks till
group is a mix of both rock types (see Figure 2 in Tremblay
and Godbout, 2018, and Tremblay et al., 2020). The SiO2
concentration is, not surprisingly, low (30%; Table 2) due
to the lack of silicate minerals and the abundance of carbonate minerals (calcite, dolomite). This mineralogy is highlighted by an average of 6.9% of inorganic carbon, 11% Ca,
6.8% Mg and 38 ppm Sr. The general colour of the felsic
gneiss and granite / Paleozoic carbonate till group is pale
brownish-yellow. Pyrite (up to 95% in NFHMC) and SO3
content (0.093%; Table 2) are highest in this group, probably because of the combined pH buffering effect of carbonate minerals in the till, the small overall amount of HMC
and the possible presence of pyrite grains in Paleozoic carbonate rocks.

Economic considerations
The results and interpretation of till sedimentology, geochemistry and heavy mineral data can be used for mineral
exploration, potential development of natural resources
and infrastructure, and environmental geochemical studies.
Regionally elevated values in certain elements are indicative of a potential for mineral exploration. The Archean–PP
supracrustal rocks (mafic–ultramafic and metasedimentary
rocks) have elevated background levels in base-metal elements such as Ni, Cu and Zn. The highest background Au
and gold grains values are found in metasedimentary rocks,
but no high grain counts are reported.
About 45 km up-ice from where the erratic clast of massive
hematitic (specularite) banded iron formation was found in
surficial sediments (Figure 2f; Tremblay and Godbout,
2018), a BIF-bearing supracrustal belt was discovered by
Lebeau et al. (2020), with a minimum apparent thickness of
300 m and possible extension over 15 km, interpreted from
an aeromagnetic anomaly. The exposed BIF sequence displays both hematite (specularite) and magnetite contained
in massive, sulphide-bearing and silicate facies. A glacial
dispersal train from this BIF-bearing supracrustal belt
highlighted by <2 µm till data, may be indicative of locally
anomalous values in mafic elements (Figure 2f, h).
The highest U values detected (up to 20 ppm; Figure 2e)
are spatially linked to granitic rocks and, secondarily,
mafic rocks and felsic gneiss and are generally correl a t e d w i t h k n o w n U mi n e r a l i z a t i o n i n b e d r o c k
(NunavutGeoscience.ca, 2015).
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Other than two sites with Cr-diopside grains (de Kemp and
Scott, 1998), no KIMs were found in the NFHMC samples
(Figure 2l). The sampling grid is, however, widely spaced
(about 15 km between sites) and the possibility of undetected narrow till dispersal trains of KIMs may exist between sample sites. The Cr-diopside grains might have
been transported from a potentially considerable distance
to the northeast due to the presence of an ice stream in the
region (Bernier Bay ice stream).
Corundum in till samples 18TIAT-172 and 18TIAT-173 are
white and translucent (Figure 3) and relatively abundant,
with an average count of 125 grains (17%) in the 0.25–
0.5 mm NFHMC fraction (Figure 2m). The occurrence of
numerous corundum grains in two adjacent till samples
(15 km apart) indicates that the potential source area might
be fairly large. The angular shape of the grains, and the association with monazite and barite grains in NFHMC, suggests an origin of crystalline metamorphic or igneous
rocks. The source of the corundum might be the granite
(syenite) in the southern part of the exposures of this rock
type near the Fury and Hecla Group contact, which is up-ice
(north) of the two corundum-bearing till samples. Additionally, in the region surrounding these till samples, potential exists for a preferential accumulation of corundum
grains in both fluvial and glaciofluvial sedimentary settings
due to their high density (4.0 g/cm3). The economic potential of the corundum as gemstones depends on whether their
colour and saturation could be enhanced by thermal treatment (Nassau, 1981; Emmett and Douthit, 1993; Shor and
Weldon, 2009), as well as the size of the crystals in the hostrock. New till samples were taken in 2019 to assess the glacial transport and provenance of the corundum and additional analysis will be performed to further detail the source
of the corundum grains.

Conclusions
Geochemical, sedimentological and heavy mineral data
from till and the geochemical data from pebbles were compiled, mapped and classified. These data were used to classify the till samples into five groups that reflect the characteristic influence of different rock types. Ratios between
the main lithology types (mafic–ultramafic or metasedimentary rocks groups) and the felsic gneiss and granite
group were used to compare results between different analytical techniques. The CIELAB colour classification system is an efficient tool to distinguish between different till
groups. The region displays significant mineral exploration
potential for uranium, iron and diamonds (two sites with
kimberlite indicator minerals). A minor and still uncertain
potential is also highlighted for abundant white and clear
grains of corundum. Relatively high background values of
base metals (Ni, Cu, Zn) were found in the Archean mafic–
ultramafic rocks till group, and gold grains (and Au) in the
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Figure 3: Photograph of corundum grains, picked from the 0.25 to
0.5 mm nonferromagnetic heavy mineral concentrate (NFHMC)
fraction of sample 18TIAT-172, north of Fury and Hecla Strait,
northwestern Baffin Island.

Archean to Paleoproterozoic metasedimentary rocks till
group.

Acknowledgments
Funding for the Fury and Hecla Project has been provided
by the Canadian Northern Economic Development Agency
(CanNor) under the Strategic Investments in Northern Economic Development program delivered through the Government of Nunavut to the Canada-Nunavut Geoscience
Office (CNGO). This project benefited from the support of
the Hamlet of Igloolik and the Qikiqtani Inuit Association.
Polar Continental Shelf Project staff provided logistical
services. The ArcticDEM was provided by the Polar
Geospatial Center, under National Science Foundation–
Office of Polar Programs awards 1043681, 1559691 and
1542736. The authors thank N. Gariépy and D. Bélanger
from the Canada Centre for Mapping and Earth Observation, Natural Resources Canada, for collaboration on the
high resolution digital elevation model (HRDEM). Also,
B. McClenaghan (Geological Survey of Canada) is thanked
for reviewing this paper.
Natural Resources Canada, Lands and Minerals Sector
contribution 20190496

References
Chandler, F.W. 1980: Geology of the late Precambrian Fury and
Hecla Group, northwest Baffin Island, District of Franklin;
Geological Survey of Canada, Bulletin 370, 30 p.
Cusveller, J. 1999: Summary of the mineral exploration history of
the North Baffin Partnership Project study area; in North
Baffin Partnership Project: Summary of Investigations, D.G.
Richardson (ed.), Geological Survey of Canada, Open File
3637, p. 75–87.
de Kemp, E.A. and Scott, D.J. 1998: Geoscience compilation of
the Northern Baffin Island and Northern Melville Peninsula,

Canada-Nunavut Geoscience Office

Northwest Territories; Geological Survey of Canada, Open
File 3636, 2 CD-ROMs.
DiLabio, R.N. and Knight, R. 1998: Kimberlitic indicator minerals in the Geological Survey of Canada's archived till samples: results of analysis of samples from the Baker Lake area
and northern Baffin Island, Northwest Territories; Geological Survey of Canada, Open File 3643, 210 p.
Dyke, A.S., Moore, A. and Robertson, L. 2003: Deglaciation of
North America; Geological Survey of Canada, Open File
1574, 2 sheets.
Emmett, J.L. and Douthit, R. 1993: Heat treating the sapphires of
Rock Creek, Montana; Gems & Gemology, v. 29, issue 4,
p. 250–272.
Government of Nunavut, Indian and Northern Affairs Canada,
Nunavut Tunngavik Incorporated and Canada-Nunavut
Geoscience Office 2002: Nunavut: mining, mineral exploration and geoscience overview 2002; Government of Canada,
40 p., URL <https://cngo.ca/exploration-overview/2002/>
[January 2020].
Lebeau, L.E., Russer, M., Therriault, I., Bovingdon, P.J., Dufour,
F., Greenman, J.W. and Patzke, M. 2020: Regional Precambrian bedrock mapping of the Jungersen River area, northwestern Baffin Island, Nunavut; in Summary of Activities
2019, Canada-Nunavut Geoscience Office, p. 11–26.
McClenaghan, M.B., Spirito, W.A., Plouffe, A., McMartin, I.,
Campbell, J.E., Paulen, R.C., Garrett, R.G., Hall, G.E.M.,
Pelchat, P. and Gauthier, M.S. in press: Geological Survey of
Canada till sampling and analytical protocols: from field to
archive: 2019 update; Geological Survey of Canada, Open
File 8591.
Nassau, K. 1981: Heat treating ruby and sapphire: technical aspects; Gems & Gemology, v. 17, issue 3, p. 121–131.
Natural Resources Canada 2015: Canadian digital elevation
model (CDEM); Natural Resources Canada, URL <https://
open.canada.ca/data/en/dataset/7f245e4d-76c2-4caa-951a45d1d2051333> [January 2020].
Natural Resources Canada 2018: High resolution digital elevation
model (HRDEM)-CanElevation Series; Natural Resources
Canada, URL <https://open.canada.ca/data/en/dataset/
957782bf-847c-4644-a757-e383c0057995> [April 2018].
NunavutGeoscience.ca 2015: Nunavut mineral occurrences
database (NUMIN); Canada-Nunavut Geoscience Office, Indigenous and Northern Affairs Canada, Government of Nunavut, Natural Resources Canada and

Summary of Activities 2019

N u n a v u t Tu n n g a v i k I n c o r p o r a t e d , U R L < h t t p : / /
nunavutgeoscience.ca/pages/en/numin.html> [September
2017].
Plouffe, A., McClenaghan, M.B., Paulen, R.C., McMartin, I.,
Campbell, J.E. and Spirito, W.A. 2013: Processing of unconsolidated glacial sediments for the recovery of indicator
minerals: protocols used at the Geological Survey of Canada; Geochemistry: Exploration, Environment, Analysis,
v. 13, p. 303–316.
Porter, C., Morin, P., Howat, I., Noh, M.-J., Bates, B., Peterman,
K., Keesey, S., Schlenk, M., Gardiner, J., Tomko, K., Willis,
M., Cloutier, M., Husby, E., Foga, S., Nakamura, H.,
Platson, M., Wethington, M.J., Williamson, C., Bauer, G.,
Enos, J., Arnold, G., Kramer, W., Becker, P., Doshi, A.,
D’Souza, C., Cummens, P., Laurier, F. and Bojesen, M.
2018: ArcticDEM; Harvard Dataverse, V1, URL <https://
doi.org/10.7910/DVN/OHHUKH>.
Shilts, W. 1993: Geological Survey of Canada’s contributions to
understanding the composition of glacial sediments; Canadian Journal of Earth Sciences, v. 30, p. 333–353.
Shor, R. and Weldon, R. 2009: Ruby and sapphire production and
distribution: a quarter century of change; Gems & Gemology, v. 45, issue 4, p. 236–259.
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.
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, CanadaNunavut Geoscience Office, p. 107–120.
Tremblay, T., Sasseville, C. and Godbout, P.M. 2020: Data table
accompanying “Geochemistry and mineralogy of glacial
sediments, north of Fury and Hecla Strait, northwestern
Baffin Island, Nunavut”; Canada-Nunavut Geoscience Office, Geoscience Data Series 2020-001, Microsoft® Excel®
file, URL <http://cngo.ca/summary-of-activities/2019/>.
Utting, D.J., Little, E.C., Young, M.D., McCurdy, M.W., Dyke,
A.S. and Girard, I. 2008: Till, stream-sediment and bedrock
analyses, North Baffin Island, Nunavut (NTS 37E, F, G, H
and 47E); Geological Survey of Canada, Open File 5742,
14 p., 1 CD.

63

64

Canada-Nunavut Geoscience Office

Stratigraphy and shale geochemistry of the Belcher Group, Belcher
Islands, southern Nunavut
M.S.W. Hodgskiss1 and E.A. Sperling2
1

Department of Geological Sciences, Stanford University, Stanford, California, United States, mswh@stanford.edu

2

Department of Geological Sciences, Stanford University, Stanford, California, United States

Hodgskiss, M.S.W. and Sperling, E.A. 2020: Stratigraphy and shale geochemistry of the Belcher Group, Belcher Islands, southern
Nunavut; in Summary of Activities 2019, Canada-Nunavut Geoscience Office, p. 65–78.

Abstract
The Belcher Group contains what is arguably the best-preserved and most spectacular geological record of the Orosirian period (2.05–1.8 Ga) in northern Canada and perhaps the world. Recent studies have made significant progress toward understanding this succession using carbon and oxygen isotope chemostratigraphy of carbonate sedimentary rocks, U-Pb zircon
geochronology and triple-oxygen isotope analyses of barite crystals, although the shale geochemistry of the succession has
been largely overlooked. Here, new iron speciation data are presented that show deposition of shale units within the Costello Formation took place within ferruginous waters, whereas the Laddie Formation was deposited within a weakly oxic to
ferruginous water column and represents a potential marine redbed. Shale interbedded with pillow basalt of the Flaherty
Formation likely records deposition within euxinic waters—the only such occurrence within the Belcher Group. Overall,
these data point toward a depositional environment of weakly oxic surface waters with an intermittently deep oxycline.

Résumé
Le Groupe de Belcher renferme ce qui sont potentiellement les témoins géologiques les mieux préservés et les plus
spectaculaires de la période de l’Orosirien (2,05–1,8 Ga) du nord du Canada, sinon du monde. De récents travaux ont permis
aux chercheurs de réaliser des progrès considérables dans l’amélioration de leur compréhension de cette succession en
ayant recours à la chimiostratigraphie isotopique (carbone et oxygène) des roches sédimentaires carbonatées, de la datation
par la méthode U-Pb sur zircon et de l’analyse des isotopes stables de l’oxygène (16O, 17O, 18O) dans la barytine, bien que la
géochimie des schistes argileux de la succession ait été en grande partie négligée. Le présent article fait état de nouvelles
données relatives à la spéciation du fer qui démontrent que la mise en place des unités schisteuses au sein de la Formation de
Costello aurait eu lieu dans des eaux ferrugineuses, alors que la Formation de Laddie aurait été mise en place dans une
colonne d’eau faiblement oxydante à ferrugineuse, de façon à ce qu’elle puisse être considérée une couche rouge marine.
Du schiste argileux intercalé avec du basalte en coussins de la Formation de Flaherty témoigne de sédimentation qui se serait
produite dans un milieu euxinique, soit l’unique manifestation de ce phénomène au sein du Groupe de Belcher. En général,
les données semblent indiquer qu’il s’agissait d’un milieu sédimentaire à eaux de surface faiblement oxydantes caractérisé
par la présence d’une oxycline occasionnellement profonde.

Introduction
The Belcher Group is a mixed carbonate-clastic-volcanic
succession exposed in the Belcher Islands, in Hudson Bay,
southern Nunavut, near the northern margin of the Superior
craton. It is coeval with a series of mid-Paleoproterozoic
packages circumferencing nearly the entirety of the craton
(clockwise they are the Belcher Group, Cape Smith Belt,
Labrador Trough, Mistassini and Otish groups, Lake Superior association, Fox River Belt and Sutton Inlier; Baragar

and Scoates, 1981). The geology of this remote archipelago
(Figure 1) has been studied intermittently since the early
1900s, and most intensely during the 1950s–1970s (e.g.,
Moore, 1918; Jackson, 1960, 1961; Dimroth et al., 1970;
Ricketts, 1979; reviewed by Jackson, 2013), resulting in
the construction of a robust geological framework for the
region. Recent efforts led by the first author resulted in
high-resolution δ13C and δ18O chemostratigraphic curves
through the succession, several new U-Pb zircon depositional ages (Hodgskiss et al., 2019b) and triple oxygen iso-

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/2019/.
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Figure 1: a) The Belcher Islands (in black box) shown relative to the Superior craton. b) Shale sampling sites; labels correspond to stratigraphic sections. Modified from Hodgskiss et al. (2019b).

tope measurements of barite crystals (Hodgskiss et al.,
2019a). Shale geochemistry, which has not previously been
analyzed in the Belcher Group, has the potential to constrain different aspects of the depositional system than
those typically ascertained by carbonate geochemistry
analyses, especially with regards to understanding the redox conditions in which sediments were deposited. In this
study, iron speciation (the partitioning of iron between different operational mineral pools) is used to determine if
shale units were deposited in oxic, ferruginous (containing
excess ferrous iron) or euxinic (containing excess free sulphide) conditions. Constraining the redox chemistry of
sedimentary deposits is important for understanding how
ocean and atmosphere chemistry has changed through the
Earth’s history, and how it may have impacted the evolution
of life. Redox conditions are also important for understanding the formation of sedimentary mineral deposits. These
analyses were coupled with the first drone imagery of the
Belcher Group, which is useful for visualizing these formations against the extremely low topographic relief of the archipelago.

Stratigraphy
The Belcher Group was informally divided into six depositional phases by Ricketts (1979) and Ricketts and
Donaldson (1981). Contacts between formations are con-
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formable, and vary from sharp to gradational over several
metres; no significant erosional unconformities have been
observed in the Belcher Group. Although the basement
rocks underlying the Belcher Group are not exposed, it is
thought to lie on top of crystalline rocks of the Superior
craton (supported by detrital zircon analyses; Hodgskiss et
al., 2019b). Deposition of the Belcher Group initiated with
the development of a transgressive carbonate platform represented by the Kasegalik Formation, an approximately
1.1 km thick succession of supratidal to intertidal dolomicrite and argillaceous dolomicrite (Figures 2, 3a). Subordinate sandstone interbeds exhibit herringbone crossbedding. Stromatolites and bioherms occur through the
formation, some with evidence for chemical precipitation
of aragonite needles (Hofmann and Jackson, 1987). Gypsum pseudomorphs are abundant, with halite casts occurring less frequently. Tuff beds ~1 m thick were reported by
Dimroth et al. (1970), with additional centimetre-thick
tuffs identified and detailed by Hodgskiss et al. (2019b).
Overall, the Kasegalik Formation has been interpreted as
representing a gentle deepening-upward sequence from
sabkha to shallow subtidal conditions (Ricketts, 1979). The
U-Pb analyses of zircons from tuffs in the lower and upper
Kasegalik Formation constrain its deposition to between
2018.5 ±1.0 and 2015.4 ±1.8 Ma (Hodgskiss et al., 2019b).
The accumulation of ~1 km of sedimentary rock in just
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Figure 2: Schematic stratigraphic section of the Belcher Group, Belcher Islands, with age constraints and δ13C data from Hodgskiss et al.
(2019b) and Hamilton et al. (2009). Note the break in scale between 4 and 7 km. Modified from Hodgskiss et al. (2019a).

3 m.y. led Hodgskiss et al. (2019b) to suggest that deposition of the Kasegalik Formation occurred during initial rifting of the basin. Although this package lacks the typical
characteristics of a rift sequence (e.g., immature clastic
sediments), the lower contact with the crystalline basement
is not exposed.
The next depositional phase is characterized largely by
massive, aphanitic, green-grey basalt flows of the Eskimo
Formation (200 to 1000 m thick; Figures 2, 3a). Columnar
jointing is common, and pillow basalts are rare. Red, thinly
bedded siltstone, sandstone and conglomerate units up to
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several metres thick occur (Jackson, 2013). An ~30 cm
thick interbed of granular iron formation is exposed within
the basalt on the eastern side of an unnamed island in northern Churchill Sound (the same unnamed island in
Hofmann, 1976; Figure 1b). Overall, the Eskimo Formation is interpreted to represent dominantly subaerial volcanism with occasional fluvial deposition, represented by
clastic sedimentary rocks.
The flood basalt phase was followed by deposition of a second transgressive carbonate platform beginning with shallow marine sandstone and siltstone with minor carbonate
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Figure 3: The Kasegalik Formation in the Belcher Islands. a) Drone photomosaics from Moore Island (left image), central Flaherty Island
(central image) and southern Flaherty Island (right image) provide a near-complete composite ‘section’ of the Kasegalik Formation. The
most prominent features are red-pink interbedded dolomicrite, argillaceous dolomicrite, and thick grey dolomicrite units. Bedding symbol
indicates strike and dip. b, c) Breccia at the base of a section on Moore Island, likely from folding and associated faulting. Clasts reach up to
1 m in width. Abbreviations: NNE, north-northeast; NW, northwest.

lithologies (e.g., pisoids, dolomicrite, stromatolites) of the
Fairweather Formation (350 to 600 m thick; Figures 2, 4a).
The overlying McLeary Formation (250 to 470 m thick;
Figures 2, 4a) is composed of dolomicrite, sandstone and
sandy dolomicrite. Black chert nodules and horizons are
abundant in the upper portion of the formation, which is
also notable for its remarkably diverse stromatolite morphologies. Desiccation cracks and very rare gypsum
pseudomorphs have been observed (Bell and Jackson,
1974; Hodgskiss et al., 2019a). The Tukarak Formation (50
to 90 m thick) is largely composed of very thinly interbedded argillaceous maroon dolomicrite and grey-pink calcite.
Beach stone rosettes composed of locally derived calcite
clasts are common. The Mavor Formation (190 to 250 m
thick; Figures 2, 4a) is composed primarily of dolomicrite
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and stromatolitic dolostone. On eastern Tukarak Island,
these stromatolites form an impressive ‘spur and groove’
reef system some 200 m thick (Figure 4b; Ricketts and
Donaldson, 1988). The Costello Formation (240 to 370 m
thick; Figures 2, 4b, 5a) consists of 20 to 40 m of grey to
black shale (generally not exposed), overlain by hundreds
of metres of very thinly interbedded dolomicrite and calcite
in approximately equal proportions. Slump folds, very thin
shale interbeds, grading and partial Bouma sequences have
led to the interpretation that these sediments were deposited
in deep waters with turbidite activity (Ricketts, 1979). The
uppermost formation in this package is the Laddie Formation (~230 m; Figure 2), largely composed of brick red
shale with a minor carbonate component in the matrix, as
well as laminae, very thin beds and nodules of white-pink
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Figure 4: a) Drone photomosaic of the uppermost Fairweather Formation through lower Mavor Formation on western Mavor Island. b) Drone photomosaic of the Mavor Formation stromatolite reef complex on eastern Tukarak Island. Bedding symbol indicates strike and dip. Abbreviation: SW, southwest.
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Figure 5: a) Drone photomosaic of the uppermost Mavor Formation through lowermost Laddie Formation on southeastern
Mavor Island. Sampling location of section MB1903 indicated by black circle. b) Drone photomosaic of the upper Rowatt Formation through lower Flaherty Formation on the southern side of an unnamed bay, north of McLeary Point on Tukarak Island. Sampling locations for sections MB1608, MB1901 and MB1902 indicated by black circles and arrow. Bedding symbol indicates strike
and dip.
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calcite and dolomicrite. The upper portion of the formation
is composed of siltstone and crossbedded sandstone. The
Laddie Formation is interpreted to have been deposited in a
deep basin below storm-wave base (Ricketts, 1979;
Ricketts and Donaldson, 1988).
The next depositional phase begins with the Rowatt Formation (330 m thick; Figures 2, 5b), which grades from
siltstone and sandstone with abundant crossbedding (including herringbone and reactivation surfaces) to dolograinstone and dolomicrite with extreme soft-sediment deformation and minor channelization. The Rowatt
Formation represents progradation and potentially the development of a restricted basin. The overlying Mukpollo
Formation (120 to 160 m thick; Figures 2, 5b) is composed
almost entirely of quartz sandstone, with minor siltstone
and dolomitic quartz sandstone. Herringbone crossbedding, desiccation cracks and channelization (with lag) indicate deposition in a tidal-influenced environment with intermittent subaerial exposure. The Kipalu Formation (80 to
130 m thick; Figures 2, 5b) is dominated by variably ironrich argillite and lenses and nodular horizons of granular
jasper (i.e., granular iron formation) with minor carbonate
lithologies. These formations have been interpreted to record significant shallowing, from the deep starved basin of
the preceding phase (Laddie Formation) to supratidal and
intertidal carbonate rocks (Rowatt Formation) to intertidal,
mature quartz sandstone (Mukpollo Formation) and, finally, argillite and granular iron formation representing a
barred basin (Kipalu Formation; Ricketts, 1979). Although
Ricketts (1979) interpreted deposition of the Kipalu Formation to have taken place under restricted basin conditions, the occurrence of numerous contemporary iron
formations (e.g., Rasmussen et al., 2012) suggests that restriction may have been minor.
The following submarine volcanism phase is associated
with the emplacement of significant mafic volcanic rocks.
Composed solely of the Flaherty Formation (and associated
Haig feeder dykes and sills; Dimroth et al., 1970; Figures 2,
5b), this phase is characterized primarily by pillow, columnar-jointed and massive basalt, totalling some 500 to
1600 m thick. Minor turbidite units are interbedded with
basalt. The U-Pb analyses of baddeleyite from Haig dykes
provide an age of 1870 ±3 Ma (Hamilton et al., 2009).
The final phase consists of a prograding submarine fan
(Omarolluk Formation) and distal molasse (Loaf Formation). The Omarolluk Formation (at least 2100 m thick; Figure 2) is composed of shale, wacke, and sandstone with minor carbonate concretions, interpreted as a thick turbidite
sequence (Ricketts, 1979). Analyses of zircons from a
tuffaceous shale approximately 5 m above the Flaherty Formation–Omarolluk Formation contact provide an age of
1854.2 ±1.6 Ma (Hodgskiss et al., 2019b). Deposition of
the Belcher Group concludes with the Loaf Formation (at
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least 620 m thick; Figure 2), which consists largely of extensively crossbedded sandstone with mud chips and
intraformational conglomerate. Spectacular synsedimentary recumbent folding of crossbeds occurs in places,
suggesting high sedimentation rates. Cumulatively, these
lithologies and sedimentary structures have been used to interpret deposition in a braided river (Ricketts and
Donaldson, 1981). Any stratigraphy that was originally
overlying the Loaf Formation has been eroded over the
ensuing ~1.8 b.y.

Sampling locations
Over the course of measuring stratigraphic sections
through the Belcher Group, shale samples were collected
from the rare fine-grained clastic units. In the lower
Costello Formation near the abandoned Hudson’s Bay
Company outpost on western Tukarak Island, eight samples of black shale were collected from the siltstone-shale
unit of the basal Costello Formation (section MB1604; Figure 6a). On southeastern Mavor Island, 11 samples from
thin beds of dark grey shale interbedded with dolomicrite of
the lower Costello Formation were collected (section
MB1903; Figure 6b, c), approximately 35 m stratigraphically higher than the samples from MB1604. On eastern
Tukarak Island, 16 samples of brick red and variably carbonate-rich shale of the lower Laddie Formation were collected (section MB1710; Figure 6d, e). Eight samples of
variably iron-rich argillite from the Kipalu Formation were
collected on southeastern Tukarak Island (section
MB1608; Figure 6f). Finally, a total of 18 dark grey to black
shale samples interbedded with basalt were collected from
three locations on southeastern Tukarak Island and
Gilmour Peninsula on eastern Flaherty Island (sections
MB1901, MB1902, MB1613; Figure 7).

Methods
Iron speciation measurements were carried out at Stanford
University (Stanford, California) using the sequential extraction protocol of Poulton and Canfield (2005), where
iron is leached using acetate, dithionite and oxalate solutions. These leachates target iron in carbonates, oxides and
magnetite, respectively, although the extractions are operational rather than truly mineral specific (especially the oxalate extraction; Slotznick et al., 2018b). Concentrations
were measured following the ferrozine method of Stookey
(1970) using a Thermo Scientific GENESYS™ 10S UVVis spectrophotometer, and the iron in pyrite was determined gravimetrically following a chromium reduction to
extract sulphur (Canfield et al., 1986). Total iron was determined using a Bruker Tracer IV-SD handheld X-ray fluorescence spectrometer, with measurements recalibrated
and drift-corrected using the United States Geological Survey SBC-1 standard reference material and internal standards. A subset of samples was analyzed for total organic
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Figure 6: a) Shale outcrop of the Costello Formation sampled south of the abandoned Hudson’s Bay Company outpost on western Tukarak
Island (section MB1604). b) Thinly interbedded shale of the Costello Formation sampled on southeastern Mavor Island (section MB1903).
c) Laminations visible in shale interbeds of the Costello Formation (section MB1903). d) The red Laddie Formation with laminations and
nodules of carbonate (section MB1710). e) Drone photograph of the distinctly red Laddie Formation at southwestern Laddie Harbour, eastern Tukarak Island. Field of view is approximately 600 m across at the middle ground. f) Variably iron-rich argillite, and nodular horizons and
lenses of granular iron formation of the Kipalu Formation (section MB1608).

carbon (TOC) contents using a Carlo Erba elemental analyzer. Prior to analyses, samples were decarbonated using
3N (Normal) HCl and rinsed thrice with deionized water.
Drone imagery was captured using a DJI Mavic Pro, with
imagery processed using Automotive Data Research’s
Maps Made Easy software, allowing for better contextualization of sampling within a stratigraphic section.
Altitude (i.e., resolution) and camera settings were changed
depending on weather conditions, topography, etc.
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Results
Iron speciation results are discussed using six operationally
defined iron pools: iron in carbonates (Fecarb), oxides
(Feox), magnetite (Femag) and pyrite (Fepy), as well as iron
that is unreactive (Feun) to the leaching methods described
above, and total iron (FeT; Poulton and Canfield, 2005).
Iron in carbonates, oxides, magnetite and pyrite combined
represent ‘highly reactive’ iron (FeHR). In the canonical in-
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Figure 7: The Flaherty Formation, Belcher Islands. a) Basalt with pahoehoe texture (arrow) directly underlying the shale unit shown in b).
b) An approximately 1.5 m thick shale unit directly overlies basalt with pahoehoe and underlies pillow basalt (section MB1901). Inset shows
iron speciation data; dotted black lines correspond to highly reactive iron/total iron (FeHR/FeT) values of 0.20 and 0.38 and the dotted red line
corresponds to an iron in pyrite/highly reactive iron (Fepy/FeHR) value of 0.7. c) Approximately 1 m of rusty-weathering shale interbedded
with basalt (section MB1902). Inset shows iron speciation data. d) Turbidite facies (near section MB1613) showing low-angle cross-stratification and soft-sediment deformation.

terpretation of iron speciation data (Raiswell et al., 2018),
samples with a FeHR/FeT ratio of >0.38 have experienced
authigenic enrichment of highly reactive iron phases that is
unique to anoxic environments (samples from modern oxic
environments do not have ratios above 0.38; Raiswell and
Canfield, 1998). Thus, iron speciation can positively fingerprint anoxic conditions, which is important for understanding how the oxidation of Earth’s atmosphere and
ocean has changed over time, as well as the concentration
of economically important metals in shale. To distinguish
between ferruginous (free ferrous iron, no sulphide) and
euxinic (free sulphide, iron limited) conditions for anoxic
samples, the ratio of iron in pyrite to all highly reactive iron
phases (Fepy/FeHR), including pyrite, is considered. If Fepy/
FeHR is below 0.7, the samples were likely deposited in
ferruginous conditions, and if Fepy/FeHR exceeds 0.7 they
were likely deposited in euxinic conditions. Unlike the positive fingerprint for anoxic conditions, however, unambiguous discrimination of oxic conditions is more difficult.
Specifically, sediments deposited rapidly, such as in
turbidites, are buried before authigenic iron enrichment can

Summary of Activities 2019

occur; modern anoxic turbidite samples reach FeHR/FeT values as low as 0.20 (Sperling et al., 2016). Samples with
FeHR/FeT between 0.20 and 0.38 therefore fall into an
‘ambiguous’ field.
Dark grey and black shales from the Costello Formation have
FeT values ranging from 1.9 to 9.7 wt. % (mean of 4.9 wt. %);
FeHR/FeT ranging from 0.22 to 0.51 (mean of 0.32), with Fepy/
FeHR ranging from 0.00 to 0.53 (mean of 0.12); and TOC ranging from 0.4 to 1.1 wt. % (mean of 0.6 wt. %). Brick-red
shales from the Laddie Formation have FeT values ranging
from 0.2 to 5.8 wt. % (mean of 2.7 wt. %); FeHR/FeT ranging
from 0.27 to 1.00 (mean of 0.44), with Fepy/FeHR ranging
from 0.00 to 0.23 (mean of 0.08); and TOC ranging from 0.0
to 0.7 wt. % (mean of 0.1 wt. %). Variably iron-rich argillites
from the Kipalu Formation have FeT values ranging from 2.8
to 17.5 wt. % (mean of 11.8 wt. %); FeHR/FeT ranging from
0.16 to 0.63 (mean of 0.34) as well as an anomalously high
value of 2.57 from the most iron-poor sample, with Fepy/
FeHR consistently 0.00 among all samples. The TOC was
not measured in the Kipalu Formation. Dark grey and black
shales from the Flaherty Formation have FeT values rang-
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ing from 3.6 to 9.7 wt. % (mean of 6.2 wt. %); FeHR/FeT
ranging from 0.20 to 0.85 (mean of 0.53) as well as an anomalously high value of 1.13 from the most iron-poor sample, with Fepy/FeHR ranging from 0.06 to 0.83 (mean of
0.34); and TOC ranging from 1.3 to 4.0 wt. % (mean of
2.9 wt. %). Complete geochemical data tables are reported
in Hodgskiss and Sperling (2020)3.

Discussion
The effects of diagenesis, metamorphism and
weathering on iron geochemistry
It is important to consider how postdepositional processes
may have altered the measured iron speciation values. Increasing metamorphic grades can lead to the transformation of Fecarb to iron in silicate minerals, which would shift
FeHR/FeT toward more oxic values (Slotznick et al., 2018a).
Regional metamorphism is unlikely to have played a significant role in the transformation of iron minerals (and transfer of iron between the pools considered here) because the
Belcher Group underwent prehnite-pumpellyite facies
metamorphism (Jackson, 2013). The conversion of pyrite
to iron oxides by oxidative weathering is also likely an insignificant factor because rusty weathering was generally
minor, and any weathered material was removed during
sample preparation.
Samples collected from the Flaherty Formation came from
rare shale units approximately 1 m thick in a formation
dominated by basalt, and therefore underwent significant
thermal metamorphism. This can result in the decomposition of pyrite, leading to loss of sulphur from the sediment,
shifting Fepy/FeHR toward ferruginous values (Yallup et al.,
2013; Slotznick et al., 2018a). The formation of pyrrhotite
from both pyrite and nonpyrite iron sulphides during contact metamorphism could lead to higher measured Fepy/
FeHR values, because pyrite and pyrrhotite cannot be distinguished by the iron speciation protocol. Alternatively, pyrrhotite could undergo further reactions to form hematite
and magnetite, which would shift Fepy/FeHR toward ferruginous values (Yallup et al., 2013). Finally, FeHR can react to
form iron silicates, which are not extracted during iron
speciation, shifting FeHR/FeT values toward oxic values
(Slotznick et al., 2018a). The effects of thermal metamorphism, an important factor for interpreting iron speciation
results from Flaherty Formation shales, are therefore complex and can shift measurements toward the oxic, ferruginous or euxinic fields.

3

CNGO Geoscience Data Series GDS2020-002, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/
summary-of-activities/2019/
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Redox of the Belcher Group
Given that much of the iron speciation data from the Belcher Group fall within the ambiguous field between oxic and
anoxic conditions, the geochemical results are difficult to
interpret. Nonetheless, an understanding of the redox history of Belcher Group shales can be obtained by integrating
sedimentology/basin setting, metamorphic history and outcrop characteristics.
Iron speciation data indicate that deposition of Costello
Formation shale took place under ambiguous conditions,
with only a small number of samples deposited under unambiguously ferruginous conditions (Figure 8). The Costello Formation is interpreted to have been deposited on the
foreslope of the platform, and contains partial Bouma sequences (Ricketts and Donaldson, 1981). Although it is
noted that none of these samples are known to record partial
Bouma sequences, the influence of distal turbidite deposits
cannot be ruled out. The overall turbiditic nature of the succession indicates relatively rapid sedimentation rates (hindering the formation of authigenic iron enrichments), and
suggests that the ambiguous iron speciation results can be
interpreted as representing ferruginous conditions.
The Laddie Formation was also deposited under intermittently ambiguous to ferruginous conditions, with seven of
fifteen samples being unambiguously ferruginous (Figures 8, 9). In contrast to the turbiditic Costello Formation,
the Laddie Formation is interpreted as representing sediment-starved, deep-water deposition (Ricketts, 1979).
Considering the low sedimentation rate, comparison with
modern baselines suggests oxygenated depositional conditions for samples with FeHR/FeT <0.38. One possibility is
that these pervasively brick-red, relatively deep-water
shales are a marine redbed (MRB). The occurrence of
MRBs has been interpreted as reflecting the oxygenation of
deep ferruginous waters (Song et al., 2017); local oxygenation of waters during deposition of the Laddie Formation
may have been the result of very low rates of organic matter
settling. In addition to these iron speciation data, the outcrop appearance of the Laddie Formation bears remarkable
similarities with Phanerozoic MRBs (e.g., Song et al.,
2017, Figure 1A, B). While the authors by no means suggest pervasive, global oxygenation of the deep ocean during the Orosirian period (2.05–1.8 Ga), both outcrop character and iron speciation data from the Laddie Formation
suggest that intermittent oxidation of deep waters could
have occurred on a local scale.
Iron speciation data from the Kipalu Formation suggest that
deposition took place over a range of conditions, from unambiguously oxic to unambiguously ferruginous (Figure 8), consistent with data reported from other Proterozoic
iron formations (e.g., Warchola et al., 2018). The Fepy values in the Kipalu Formation are consistently zero, suggesting that marine sulphate levels were low, as its reduced
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Figure 8: a) Iron speciation data for the Costello (possibly anoxic), Laddie (possibly oxic), Kipalu (oxic to ferruginous) and Flaherty (possibly euxinic) formations, Belcher Group, Belcher Islands. b) Individual iron phases plotted as a fraction of total iron. Abbreviations: Fecarb,
iron in carbonates; FeHR, highly reactive iron; Femag, iron in magnetite; Feox, iron in oxides; Fepy, iron in pyrite; FeT, total iron; Feun, unreactive
iron.

form (sulphide) would have reacted with dissolved iron to
form iron sulphides.
Finally, the Flaherty Formation records iron speciation values that are indicative of generally ferruginous conditions,
with intermittent euxinia (Figure 8). Without more detailed
petrographic analyses (e.g., scanning electron microscopy), it is difficult to constrain the effects of contact metamorphism on the iron speciation data, given its ability to
make samples appear more oxic (i.e., decrease FeHR/FeT),
or alter the balance between ferruginous and euxinic conditions (i.e., change Fepy/FeHR). The two shale packages in the
Flaherty Formation sampled for iron speciation are approximately 1.4 and 1.0 m thick (MB1901 and MB1902, respectively; Figure 7b, c) and are both overlain by pillow basalt,
and have thus experienced thermal metamorphism. However, it is noted that both sections have overall trends in
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which the stratigraphically higher samples (which have undergone more intense contact metamorphism) have lower
FeHR/FeT, Fepy/FeHR and TOC values, suggesting that the
most ‘primary’ iron speciation values reflect euxinia (Figure 7b, c). This is also supported by the highest TOC values
within the Belcher Group, up to 4 wt. %. Therefore, it is tentatively interpreted that shales within the Flaherty Formation were deposited within an environment that was at least
intermittently euxinic. It is worth noting that these shale
units (deposited between 1870 ±3 and 1854.2 ±1.6 Ma;
Hamilton et al., 2009; Hodgskiss et al., 2019b) are of very
similar age to shale deposited beneath euxinic waters in the
Animikie Group, western Lake Superior area, Ontario (between 1878 ±3 and 1836 ±5 Ma; Poulton et al., 2004; Addison et al., 2005). Although both of these successions
undoubtedly record some combination of local and global
redox signals, the temporal similarities are intriguing.
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to record euxinic Fepy/FeHR values, contains the highest
TOC values (mean of 2.9 wt. %), the ferruginous Costello
Formation records moderate TOC values (mean of
0.6 wt. %) and the oxic Laddie Formation has the lowest
TOC values (mean of 0.1 wt. %).

Economic considerations

Figure 9: Chemostratigraphic plot of the Laddie Formation, Belcher Islands. Abbreviations: C., Costello Formation; FeHR, highly reactive iron; Fepy, iron in pyrite; FeT, total iron; R., Rowatt Formation.

Redox structure during Belcher Group deposition
Much of the Proterozoic is thought to record low levels of
atmospheric oxygen, between 0.1 and 10% of present atmospheric levels (e.g., Cole et al., 2016; Canfield et al.,
2018), and it is widely thought that the oxycline (where
there is a rapid change in dissolved O2 concentrations) was
very shallow through much of the Proterozoic (e.g.,
Hardisty et al., 2017). In contrast, the iron speciation data
presented here suggest that the oxycline reached the deep
basin at least intermittently, and on a local scale, during deposition of the Laddie Formation. Although the anoxic conditions recorded during deposition of the Costello and
Flaherty formations are consistent with other successions
(e.g., Animikie Group; Poulton et al., 2004), the relatively
deep oxic conditions recorded by the Laddie Formation are
generally at odds with the anoxic deep waters that are
thought to have prevailed through the Proterozoic.
If the Laddie Formation was deposited beneath oxic waters,
a likely oceanographic cause for these relatively deep oxic
waters is very low surface productivity. The Belcher Group
is thought to have been deposited during a time of markedly
low gross primary productivity, just 6% of the modern biosphere (Hodgskiss et al., 2019a). This may have allowed
for little to no local organic matter loading, in which the oxidation of sinking organic matter drives local redox toward
ferruginous or euxinic conditions (e.g., Poulton et al.,
2010). This hypothesis is broadly supported by the TOC
measurements: the Flaherty Formation, the only formation
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Black shales are known to record high concentrations of
trace and rare-earth elements, which reach economic concentrations at numerous sites (e.g., Spinks et al., 2016).
Many chalcophile and siderophile metals (e.g., molybdenum) are sensitive to redox conditions, and are concentrated in black shales under strongly reducing and especially euxinic conditions (Spinks et al., 2016; Miller et al.,
2017). Not only is the occurrence of black shale units extremely limited in the Belcher Group, but they were also
generally deposited under oxic or ferruginous conditions,
making them poor targets for trace and/or rare-earth elements. Shale interbedded with mafic volcanic rocks in the
Flaherty Formation was likely deposited under euxinic
conditions, but is volumetrically insignificant. Therefore,
the economic potential of shales within the Belcher Group
is regarded as extremely low. The Kipalu Formation (with
granular iron) has been explored sporadically since the
early 1900s (Belcher Mining Corporation Limited,
Lundberg Explorations Limited) and most recently in
2011–2012 by Canadian Orebodies Inc. This recent exploration project indicated 230 million tonnes of iron ore at
35.15% iron, although no development seems to have
occurred since 2012, when significant concerns were
raised by local land users.

Conclusions
The iron speciation data presented here, the first for the
Belcher Group, suggest that deposition of shale units took
place largely within ferruginous to weakly oxic waters. Notably, the Laddie Formation appears to record oxic waters
even in the deep basin, and may constitute a Paleoproterozoic marine redbed, which do not become volumetrically
significant until almost 1500 m.y. later. These data suggest
a surprisingly deep oxycline during the Orosirian period, at
least at some points locally within the Belcher Group. Shale
units deposited within the Flaherty Formation have undergone intense contact metamorphism, but likely record deposition beneath euxinic waters that may be coincident
with the development of euxinic conditions in the Animikie
Basin, ~1200 km to the southwest. Overall, these data provide a new perspective on the evolution of Earth’s oceans as
recorded in the Belcher Group and through the Orosirian
period.
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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 objective is to compile all existing aggregate, mineral potential, surficial geology, land cover and permafrost data for this area. The project
also involves the development of methods for regional characterization of permafrost conditions by integrating observations from different
sources across different scales, from site-based data to remote sensing.
LeBlanc, A.-M., Bellehumeur-Génier, O., Oldenborger, G.A. and Short, N. 2020: Lake area and shoreline changes due to climate and permafrost-related drivers, Rankin Inlet area, Nunavut; in Summary of Activities 2019, Canada-Nunavut Geoscience Office, p. 79–92.

Abstract
The western coast of Hudson Bay is experiencing growth for which information on permafrost is required to ensure resilience of infrastructure in the context of climate warming. Using airphotos and satellite imagery from 1954 to 2017, climate
data, surficial geology, field observations and ground-displacement data derived from remote sensing, the potential for climate and permafrost-related drivers are examined to explain the observed changes in lake area near the Hamlet of Rankin
Inlet, Nunavut. Although there is some evidence that climate variables, such as precipitation, explain some variation in
lake-water level, it appears that the response of permafrost to the warming climate since 1993 is a significant factor in modern shoreline changes. Lake expansion attributed to thermokarst processes was observed in fine-grained and ice-rich sediments. The permafrost thaw was likely induced by frequent inundation and was typically accompanied by significant localized shoreline disturbance that remained present even in dry years. In contrast, in coarse-grained and ice-poor sediments,
thickening of the active layer likely causes the subsurface water storage to increase, contributing to lake drainage. Normal
and wet years are now insufficient to refill lakes to their historical maximum, particularly in areas of high topographic relief.
Visual assessment of shoreline morphologies provides a more robust indicator of lake instability than the extent of lake-area
change alone. The link between surficial geology and lake instability provides useful insight into changes in near-surface
permafrost conditions in the area of Rankin Inlet.

Résumé
La côte ouest de la baie d’Hudson connaît une croissance qui exige le recours à des informations sur le pergélisol en vue
d’assurer la résilience des infrastructures dans un contexte de réchauffement climatique. À l’aide de photographies
aériennes et d’images satellite captées de 1954 à 2017, de la géologie de surface et de données climatiques, ainsi que
d’observations de terrain et de déplacements du sol à partir de données obtenues par télédétection, le potentiel des facteurs
liés au climat et au pergélisol a été examiné en vue d’expliquer les changements observés dans la superficie des lacs à
proximité du hameau de Rankin Inlet, au Nunavut. Bien que les variables climatiques, telles que les précipitations,
expliquent en partie les changements qu’accuse le niveau de l’eau des lacs, il semble que la réaction du pergélisol au
réchauffement climatique depuis 1993 soit un facteur important des changements récents du profil des rivages. Une expansion des lacs attribuée aux processus thermokarstiques dans les sédiments fins et riches en glace a été notée. Le dégel du
pergélisol a probablement été provoqué par des inondations fréquentes et était accompagné de perturbations locales
importantes du littoral qui ont persisté même pendant les années sèches. En revanche, dans les sédiments grossiers et
pauvres en glace, l’épaississement de la couche active entraîne probablement une augmentation du stockage de l’eau sous la
surface, ce qui contribue au drainage des lacs. Les années pluvieuses normales et supérieures à la moyenne ne suffisent plus
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pour remplir les lacs à leur maximum historique, en particulier dans le cas de lacs associés à un relief topographique élevé.
L’évaluation visuelle des morphologies de rivage fournit un indicateur plus robuste de l’instabilité des lacs que ne le peut le
changement de la superficie des lacs à lui seul. Le lien entre la géologie de surface et l’instabilité des lacs fournit des
informations utiles sur l’évolution des conditions de pergélisol près de la surface pour la région de Rankin Inlet.

Introduction
For a given region and climate, changes in lake area can be
highly heterogeneous due to spatially variable characteristics including bathymetry, watershed characteristics, lakeice regimes (e.g., Roach et al., 2011, Arp et al., 2015) and
surrounding permafrost conditions (e.g., ground-ice conditions). Potential permafrost-related drivers of lake-level
change include thermokarst processes (Kokelj and
Jorgenson, 2013), active-layer thickening (Marsh et al.,
2009; Jepsen et al., 2013) and its influence on water movement and storage capacity (Lafrenière et al., 2018), and increased lateral and vertical hydrogeological connectivity
due to the development of lateral taliks or taliks beneath
water bodies (Yoshikawa and Hinzman, 2003; LamontagneHallé et al., 2018). Thermokarst lakes are a characteristic
landform of permafrost terrain that develop in depressions
formed by the settlement of ice-rich ground (e.g., French,
2007). Whether of thermokarst origin or not, any lake in a
permafrost region can evolve through thermokarst processes such as retrogressive-thaw slumping or ice-wedge
degradation, resulting in lake expansion, lake drainage or
changes in shoreline morphology (Kokelj and Jorgenson,
2013). Over time, lake area can also reflect changes in annual and seasonal climate conditions such as precipitation
(Plug et al., 2008) and evaporation/precipitation ratios
(Smol and Douglas, 2007). Lake-area change is therefore a
complex interaction between climatic variables and permafrost conditions (Lafrenière et al., 2018).

Study area

Near Rankin Inlet, on the western coast of Hudson Bay,
Nunavut, recent observations of lake drainage were reported by local knowledge holders (Oldenborger et al.,
2016). The permafrost in the broader region is considered
to have relatively low excess ground-ice abundance (Figure 1). Therefore, many of the lakes are likely not of thermokarst origin. Nonetheless, landforms such as ice wedges
are widely distributed in some areas (McMartin, 2002), active layer detachments and frost blisters have been mapped
or observed in the field, and permafrost is ice rich in the
transient layer of specific surficial-geology units (LeBlanc
et al., 2019). These conditions indicate potential for thermokarst processes. The objectives of this study are 1) to determine if permafrost-related drivers mentioned above, and
not only those related to ice-rich permafrost, could explain
the observed changes in lake area, and 2) to use these results
to gain knowledge on permafrost conditions and sensitivity
to climate change. This study takes advantage of a preliminary study on lake-shoreline evolution (Bellehumeur-

The Hamlet of Rankin Inlet is located on the western coast
of Hudson Bay in the Kivalliq Region of Nunavut (Figure 1). The region was covered by the Laurentide Ice Sheet
and the Keewatin dome during the Wisconsinan Glaciation
(Shilts et al., 1979). Deglaciation of the region commenced
around 11 ka and the entire region was free of ice by 5 ka
(Shilts et al., 1979; Hivon and Sego, 1993). The postglacial
Tyrrell Sea extended as far as 150 km inland from the current coastline over the isostatically depressed land surface,
reaching a maximum elevation of approximately 170 m
above present sea level (Dyke, 2004; Randour et al., 2016).
Isostatic rebound and emergence resulted in the formation
of coastal permafrost that continues to evolve. The surficial
geology of the area surrounding Rankin Inlet consists of
glacial, marine and glaciofluvial deposits, including eskers,
with numerous bedrock outcrops (Brown, 1978; McMartin, 2002; Geological Survey of Canada, 2017). Rankin Inlet lies within the continuous permafrost zone (>90% of the
land underlain by permafrost). Estimates of permafrost
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Figure 1: Geographic location of Rankin Inlet, permafrost distribution (after Heginbottom et al., 1995) and excess ground-ice abundance in the Kivalliq Region of Nunavut (modified from O’Neill et
al., 2019).

Génier et al., 2017) by adding additional years of observation to the analysis of shoreline dynamics for specific and
representative lakes across two landscape units.

Canada-Nunavut Geoscience Office

thickness in the Rankin Inlet region are 300 m near the coast
and up to 500 m inland, and active-layer thickness may vary
from 0.3 to 4 m, depending on local ground conditions
(Brown, 1963, 1978; Golder Associates Ltd., 2014). Permafrost temperatures range from approximately -5°C to 7.5°C at depths of zero annual amplitude ranging from 10 to
30 m (Brown, 1978; Golder Associates Ltd., 2014; Oldenborger et al., 2017).

Climate
The mean annual air temperature recorded at Rankin Inlet
airport from 1981 to 2019 is -10.3°C (Environment and Climate Change Canada, 2019). The long-term record of air
temperature at Chesterfield Inlet, approximately 100 km
northeast of Rankin Inlet, shows statistically significant
warming trends of 0.45 and 1.11°C/decade over the 1950–
2013 and 1984–2013 periods, respectively (Brown et al.,
2018). The record of air temperature at Rankin Inlet mimics
that of Chesterfield Inlet closely (Figure 2a), and both communities are included in the broader eastern Canadian Arc-

tic region, where the warming is mainly confined to the period since 1993 (Brown et al., 2018). Prior to 1992, temperatures were below long-term average and rose above that
average after 1993. The 2009–2010 hydroclimatic year was
the warmest in the historical record and was followed by a
cooling period consistent with the observed anomaly over
the eastern Canadian Arctic region (Brown et al., 2018).
After 1993, the thawing degree-days (TDD) were mostly
above the long-term average, whereas the freezing degreedays (FDD) were mostly below (Figure 2b). The average
annual total precipitation recorded at Rankin Inlet airport
from 1981–2019 is 311 m (Environment and Climate
Change Canada, 2019); there are no significant trends in total precipitation (Figure 2c).

Study sites
Two areas of interest (AOI 1 and AOI 2) near Rankin Inlet
were selected based on spatial and temporal availability of
airphoto and satellite imagery, and the likelihood of occurrence of thermokarst processes based on surficial geology

Figure 2: Climate recorded at Rankin Inlet airport, Nunavut, from 1981 to 2019 based on
hydroclimatic years (October 1–September 30): a) mean annual air temperature; b) freezing
(FDD) and thawing (TDD) degree-days; c) total rain, snow and precipitation.
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and geomorphological evidence. The two sites also represent two different landscape units representative of the
region.
The first area, AOI 1, is a till plain with drumlin ridges located approximately 12 km northwest of Rankin Inlet and
west of the Iqalugaarjuup Nunanga Territorial Park, in natural terrain unaltered by anthropogenic influence (Figure 3). The surficial geology consists mainly of glacial deposits dominated by till veneer (Tv), till blanket (Tb), and
undifferentiated till and marine sediments (T.M). Present to
a lesser extent are ridge moraine (Tr), hummocky till (Th),
nearshore marine sediments (Mn) and marine beach sediments (Mr). Ice-wedge polygons are found predominantly
in marine sediments (T.M, Mn and Mr). The 58 lakes in
AOI 1 are of medium size relative to other lakes of the region; the average and median values of lake area are 63 500
and 10 120 m2, respectively, and 60 900 and 4900 m2 for the
region (50–100 km around Rankin Inlet).
The second area, AOI 2, is approximately 10 km northwest
of Rankin Inlet, within Iqalugaarjuup Nunanga Territorial
Park (Figure 3). This area is intersected by the territorial
park access road, which was constructed on an esker in the
1970s and further developed in subsequent years. The
esker is the most prominent landform in the Rankin Inlet
area. The surficial geology of the western part of AOI 2 is
dominated by ice-contact sediments (GFc, esker) and subaqueous outwash-fan sediments (GFf2) along with patches
of beach sediments, whereas the valley east of the esker and
Meliadine River is dominated by glaciofluvial hummocky
sediments (GFh.T) and alluvial sediments (A). Glacial deposits are present on the western side of the esker and have
been included in AOI 1 as they share a common landscape.
Ice-wedge polygons are found in all deposits. Kettle lakes
are present within and adjacent to the esker. The 76 lakes in
AOI 2 are small relative to those in the region; the average
and median values of lake area are 4640 and 1680 m2,
respectively.

presents the date of acquisition of the aerial photographs
and satellite images.
Airphotos were orthorectified on the corresponding NTS
map sheet with an average error of 0.5 m (BellehumeurGénier et al., 2017). Following orthorectification, shorelines of lakes and ponds were manually digitized in each
AOI using ArcGIS for each year of available image data up
to 2014, and for a subset of lakes for years 2016 and 2017
(not originally included in the study of BellehumeurGénier et al., 2017). Lake area was calculated based on the
digitized polygons. To estimate errors associated with
digitization, three independent operators repeated the
shoreline delineation (e.g., Way et al., 2014). For a subset
of 48 lakes from AOI 1, the average error was 8%. For all
but the smallest lakes, the digitization error outweighs the
orthorectification error and provides an estimate of the resolution of the manual shoreline mapping (BellehumeurGénier et al., 2017). Lakes presented in this paper were
carefully reviewed to minimize error associated with marshy
conditions and poor image quality.

Climate
Annual climatic factors can result in large fluctuations in
lake area. Therefore, each year of the climate record was
classified as wet or dry and warm or cold. Wet and dry years
are defined when total precipitation, based on the
hydroclimatic year, is higher or lower than the average total
precipitation for the period 1981–2019, respectively (Figure 4). Warm and cold years are defined when TDD (summer period) are higher or lower than the average TDD for
the period 1981–2019, respectively (Figure 4). For the

Table 1: Date of acquisition of the airphotos and
satellite images of the study area near Rankin
Inlet, Nunavut.

Methods
Lake area
The methodological approach is based on visual geomorphological analysis of historical airphotos and satellite imagery to establish lake area, shoreline dynamics and lake
evolution since 1954. Aerial photographs were obtained
from the National Air Photo Library for summer months
(July and August) to maximize consistency in ground conditions, degree of thaw and the seasonal water level. Satellite imagery consists of WorldView 1 and 2 images
(©DigitalGlobe, Inc. all rights reserved) from summer
2012 and 2014, and satellite imagery available from
Google Earth Pro™ (Google, 2019) in 2005, 2016, and
2017 and provided by Maxar Technologies Inc. Table 1
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Figure 3: Surficial geology (from Geological Survey of Canada, 2017) and location of study sites (areas of Interest AOI 1 and AOI 2) near Rankin Inlet, Nunavut. Numbers attributed to lakes
presented in this study refer to labels associated to lakes in Bellehumeur-Génier et al., 2017. Inset map displays location of study area. All UTM co-ordinates are Zone 15N, NAD 83.

Figure 4: Precipitation and thawing degree-days (TDD) anomalies from 1981 to 2019, based on hydroclimatic
years (October 1–September 30), for the study area near Rankin Inlet, Nunavut.

years corresponding to the image dates, total precipitation
and TDD anomalies based on the 1981–2019 averages up
to acquisition date are shown in Figure 4.

Seasonal and long-term lake area and shoreline
behaviour
Mean daily and discrete measurements of the elevation of
the lake-water surface at the Meliadine gold mine site from
1997–2000 and 2008–2009 combined with hypsographic
(i.e., depth-lake area) curves were used to estimate lakearea change due to seasonal variation of water level (Golder
Associates Ltd., 2012). Measurements indicated an average summer variability of 33 cm for 15 lakes. A conservative value of 40 cm for summer water fluctuation gave a
normalized lake-area change of 12% during summer. Half
of the summer water-level decrease occurred generally by
mid-July (Golder Associates Ltd., 2012); therefore, end of
June and mid-July image dates (Table 1) would typically
show lake area of 12% and <6% higher than at the end of
summer, respectively. Lakes that showed long-term change
greater that the seasonal range of water-surface elevation
and interannual fluctuation were defined as unstable. However, seasonal and annual climatic factors can result in large
fluctuations of lake area that may mask long-term changes
due to permafrost-related drivers. Therefore, in addition to
surface area, lake shorelines were visually assessed for
each year. Lakes with littoral dynamics (change in area or
morphology) that are persistent after the change and inconsistent with climatic variables were classified as unstable
(expansion or drainage).
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Ground surface displacement
An interannual map of ground-surface displacement derived from differential interferometric synthetic aperture
radar (DInSAR) data was used to interpret changing
ground-ice conditions surrounding lakes. High (negative)
displacement is interpreted as thaw subsidence due to the
melting of excess ground ice. This information is used to
assess whether permafrost-related drivers, such as thermokarst processes, can account for lake-area changes if climatic factors fail to explain variations. To generate the
interannual DInSAR map, PALSAR-2 (aboard Advanced
Land Observing Satellite-2) interferometry data were acquired on 14 July, 2016, and 13 July, 2017, in fine mode,
with ~9 m resolution, ascending orbit and an incidence angle of 31°. Processing of the InSAR-derived data was carried out using GAMMA software (Werner et al., 2000), following the procedure described in Short et al. (2011), and
an elevation model (by PhotoSat Information Ltd.) derived
from WorldView stereo-optical data (©DigitalGlobe, Inc.
all rights reserved) from August 2012 and June 2014 (1 m
resolution, 30–50 cm vertical accuracy). Displacement was
converted from radar line of sight to vertical displacement
using the satellite geometry. Stable ground represents locations where either no vertical change was calculated or
where displacement was within the expected range of error
(±1.0 cm). The L-band (23 cm wavelength) synthetic aperture radar data have the significant advantage of holding
their coherence over the full-year interval, making them
suitable for identifying areas of long-term permafrost degradation (Short et al., 2011), but may be more sensitive to
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soil-moisture changes (Zwieback et al., 2017). However,
LeBlanc et al. (2019) concluded that the soil-moisture
changes (from 2016 to 2017) over most of the Rankin Inlet
area would not be significant enough to affect radar penetration. The interannual DInSAR-derived displacements
over AOI 1 and AOI 2 are presented in Figure 5.

drainage in this area is a group of connected shallow lakes
(lake 24; Figure 6b). The decrease in lake area is most pronounced from 2012 (a wet year). Proximal ponding is observed to develop south of lake 24 in 2005 in the T.M unit;
these small ponds remain present in 2016 and 2017 and are
consistent with ice-wedge degradation (Figure 9a–c).

Results

Most of the lakes in AOI 2 are shallow. Lakes in the esker
unit (GFc) are generally decreasing in size. Smaller shallow lakes are more sensitive to variation in precipitation
and evaporation (Figure 7). This sensitivity is also enhanced because the esker only receives water from direct
precipitation, so that any decrease in the ratio of precipitation to evaporation will lead to lake shrinkage. Up to 1992,
the interannual variation in lake area of shallow lakes on the
esker follows the cycle of wet and dry years. In 2005, all
lakes areas decreased despite 2004–2005 being the second
wettest year of the 1981–2019 period (Figures 2, 7). The
2005 image is from the end of August, when thaw depth is
near its maximum, and could be compared with year 1969
in terms of climate (wet) and image date. In 2017, lake 11
almost completely drained and lake 9 reached a historical
low level. In the river valley, similar patterns in lake-area
changes were observed for GFh.T and A units, except for
lake 55–58 (Figure 7c), which is discussed below. Lake 38,
the largest and only potentially deep lake in AOI 2, shows a
small relative decrease in lake area compared with shallower lakes. Nevertheless, lake 38 reached a historical low
level in 2005 and, as the lake level continued to fall
subsequently, it is considered to be draining.

Lake areas were normalized based on the average lake area
for the available image dates (Figures 6a, b, 7a–c). Only the
lakes labelled in Figure 3 are presented in this study; they
are the subset of lakes for which shorelines were manually
digitized for years 2016 and 2017. However, all lakes in
AOI 1 and AOI 2 were visually assessed for their shoreline
dynamics and the subset of lakes represent typical examples of long-term changes within each AOI. Lakes are
grouped by their dominant surficial geology unit. However,
for AOI 1, and especially large lakes, more than one unit
could intersect a given lake. Therefore, all lakes surrounded by multiple till units are grouped under a general
till unit. Other surficial geology units present to a lesser extent in AOI 1 are not presented herein. Relative to lakes in
their AOI, lakes shown in Figures 6 and 7 are also grouped
as small and shallow (no visible lake pool on airphotos) or
large and/or deep (visible pool and terrace on airphotos).
The general trend regardless of the lake size and surficial
geology is toward lower water levels (decrease in lake area)
in 2016 and 2017 (Figures 6 and 7). Both summers 2016
and 2017 were dry and warm years (Figure 4). Therefore,
there is a clear signal from seasonal and annual climate
variables explaining the 2016 and 2017 low-water levels.
Other fluctuations prior to year 2016 also appeared in
agreement with climate variables. For example, lakes areas
in 1989 were relatively low (Figure 7a); 1988–1989 was
dry and warm like 2015–2016 and 2016–2017. Climate
data before 1981 are not available, but synchronization in
lake fluctuation among lakes from low (1965), high (1969)
and low (1976) likely reflects different precipitation and
evaporation conditions (Figure 7). In Figure 6a, only lake 3
has data from 1965, 1969 and 1976 for comparison.
Superimposed on interannual variations in lake area are
longer term patterns of expansion or drainage. Lake expansion (shown by red lines in Figures 6 and 7) is more common in AOI 1, in the various till units (Bellehumeur-Génier
et al., 2017). Both small and large lakes exhibit expansion,
but the magnitude of increase is less for larger lakes. Expansion for specific lakes was first observed in 2005 and
persisted in 2016 and 2017, despite two dry years with
lower water levels. The lake area gained by shoreline collapse (change in morphology) exceeds the decrease in lake
area due to the dry and warm conditions (Figure 8a, b).
Lake drainage is a rare phenomenon in AOI 1 (BellehumeurGénier et al., 2017). One of the most obvious cases of lake
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Lake 55–58 is a clustered group of lakes, the expansion of
which has been small in magnitude but is occurring through
the collapse of the shoreline. The change occurred between
2005 and 2014, and the new shoreline remained more or
less the same in the subsequent dry years of 2016 and 2017.
In 1986, lake levels were also high at the same location
(Figure 10a). However, lake levels receded post-1986 (Figure 10b), but remained high after 2005 despite subsequent
dry years (Figure 10c, d), which behaviour supports the interpretation of lake expansion.

Discussion
The lakes in the two landscape units exhibit different behaviour, although relative low-water levels are generally
observed for 2016 and 2017. Lakes on the till plain of AOI 1
are either stable or expanding. In contrast, most of the lakes
on the esker and in the river valley (glaciofluvial and alluvial units) of AOI 2 have decreased in size, with some having drained completely by the end of summer 2017. In general, permanent changes in lake area occurred between
1992 and 2005 coinciding with a warming period in the
eastern Canadian Arctic. Airphotos and satellite imagery
are not available between these years and, therefore, the
timing of the change cannot be determined more precisely.
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Figure 5: Interannual ground-surface displacement between 2016 and 2017 acquired by differential interferometric synthetic aperture radar in the study area near Rankin Inlet, Nunavut. Selected lakes and lake numbers are from Bellehumeur-Génier et al., 2017.

From 1954 to 1992, observed changes followed seasonal
and annual patterns of precipitation. Although climatic
variables have played a role in impacting lake area in recent
years, the changes in lake area for some lakes have been
dominantly controlled by factors related to permafrost
degradation from 2005 onward.

of the permafrost. Shorelines at the locations of expansion
are typically of low-relief and thus their configuration is
highly sensitive to water level. It has been observed that
permanent shoreline recession occurs where the shorelines
have been flooded in the past and permafrost thaw was
likely induced by frequent inundation.

For lakes in the till plain of AOI 1, the change in shoreline
morphology first observed in 2005 and maintained over
subsequent dry years is a clear indication of permafrost
degradation. Much of the lake expansion was localized,
while most of the shoreline was largely unchanged. In general, ground-surface displacements are observed close to
lakes where changes in shoreline morphology were observed through time (e.g., lakes 8 and 43 in Figures 5 [inset map a], 8). This suggests that the lakes identified as expanding have been subject to thermokarst processes at their
margins, likely caused by the melting of ice-rich sediments
at the base of the active layer. Most of the localized expansion of lakes 8 and 43 occurred in the T.M unit, which was
cored a few kilometres away from these lakes. There was
no intact core recovery at the top of the permafrost, only a
muddy grey sediment typical of a mixture of fine-grained
sediments with high water content. However, thick ice
lenses were found approximately 30–40 cm below the top

The drainage of lake 24 in the till plain of AOI 1 is associated with both stable and high interannual ground-surface
displacements (Figure 5, inset map b). Stable areas are
found around the two lakes of this group of connected shallow lakes (northwest) that are experiencing the most drainage, whereas higher displacements (2–3 cm) are located
around the two lakes that show less change. Lake drainage
could be a consequence of the proximal ponding associated

Figure 6: Normalized lake area in area of interest
AOI 1 near Rankin Inlet, Nunavut, for the available
image dates (see Figure 3 and Table 1): a) large and/
or deep lakes in till units; b) small and shallow lakes in
till units. The error bars represent the magnitude and
direction of end-of-summer lake area to compensate
for the June (2014) and mid-July (1954, 1965, 1986,
1989) water levels.

Figure 7: Normalized lake area in area of interest AOI 2 near
Rankin Inlet, Nunavut, for the available image dates (see Figure 3
and Table 1): a) small and shallow lakes in glaciofluvial sediments
(esker); b) small and shallow, and large and deep lakes in
glaciofluvial sediments (valley deposits); c) small and shallow
lakes in alluvial sediments. The error bars represent the magnitude
and direction of end-of-summer lake area to compensate for the
June (2014) and mid-July (1954, 1965, 1986, 1989) water levels.
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Figure 8: Lakes 8 and 43 in area of interest AOI 1 near Rankin Inlet, Nunavut: a) airphoto from 1954; b) Google Earth Pro™ satellite
image from 2017 (Google, 2019; see Figure 3 for location of lakes).

with ice-wedge degradation and possibly the thawing of
ice-rich T.M sediments at the base of the active layer (Figure 9b, c). Permafrost degradation may have changed the
surface and subsurface connectivity between lakes, although the general connectivity remains from north to
south according to topography. Ice-wedge degradation,
ponding and lake drainage are not contemporaneous; degradation and ponding precede drainage (Figure 9b, c).
However, the degradation observed in 2005 in the T.M unit
is not co-located with maximum ground displacement for
2016–2017. This may indicate that thawing took place
prior to 2016–2017 and that the high ground displacement
observed east of lake 24 may foreshadow future changes in
lake area in the region. This uncertainty highlights the
limitation of using only one interannual ground-displacement map to support the interpretation.
For lakes on the esker and in the Meliadine River valley
(glaciofluvial and alluvial units) of AOI 2, high groundsurface displacements are observed exclusively in the vicinity of the group of expanding lakes (Figure 5, inset
map c). Furthermore, recent subsidence in proximity to
these expanding lakes, deduced from new ponding areas in
2016–2017 compared with 2005 imagery, is likely to increase lake area soon (Figure 10c, d). The alluvial deposits
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Figure 9: Group of connected shallow lakes (lake 24) in area of interest AOI 1 near Rankin Inlet, Nunavut: a) airphoto from 1986; b)
Google Earth Pro™ satellite images from 2005; and c) 2017
(Google, 2019; see Figure 3 for location of lakes).

are located 2 m lower than the GFh.T unit and are poorly
drained. Alluvial deposits with similar surface expression
to those in the river valley were cored nearby and found to
be ice rich near the top of the permafrost and thus susceptible to thaw subsidence upon thawing. As in AOI 1, the permanent degradation occurs where the low-relief shorelines
have been flooded in the past.
Outside of this area of high displacement, AOI 2 exhibited
mostly stable ground in 2016–2017. Stable ground implies
little excess ice but does not preclude active-layer thickening. Draining lakes on stable ground may be the result of increased groundwater storage due to active-layer thickening
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in permeable glaciofluvial and alluvial sediments. In this
case, lake drainage may not be a strictly thermokarst phenomenon because thawing of ice-poor sediments may be
the dominant drainage process.
Field observations from AOI 2 in June and September 2018
and 2019 support the interpretation that lake drainage is not
solely due to seasonal and annual climatic factors. Observations from June 2018 show that water levels of many
lakes were lower than their maximum level, whereas very
low water levels or completely dry lakes were observed in
September 2018, despite average precipitation (Figure 11a,
b). Although high precipitation in 2019 partially refilled
lakes that were previously dry, a shift in lake levels toward
lower values was still apparent. For example, in September
2019, water levels were about the same as the previous dry
and warm years (Figure 11c, d) even though 2018–2019
had more than twice the rain and total precipitation than
those dry and warm years. Low water levels in normal and
above-average wet years is consistent with increased
groundwater storage due to active-layer thickening in permeable soils. Ice wedges intersect many lakes in AOI 2
(McMartin, 2002) but the current data do not support conclusive interpretation that their degradation opens drainage
pathways.
The behaviour of lakes in the river valley is probably more
complex than that of those on the esker because the latter
are mostly isolated lakes dominated by groundwater flow
within the active layer and precipitation. In the river valley,
many lakes show connectivity and receive surface and
groundwater discharge from a larger area. Assessment of
the water balance for each watershed, including evapotranspiration, runoff and discharge, as well as the lake-ice
thickness and ice-out timing, would have likely provided
additional indications of the cause of observed lake-area
changes, but studying the water balance and the lake-ice
regimes was outside the scope of this project.

Conclusions

Figure 10: Clustered group of lakes (lake 55–58) in area of interest
AOI 2 near Rankin Inlet, Nunavut: a) airphotos from 1986; and b)
1992; c) Google Earth Pro™ satellite imagery from 2005, and d)
2017 (Google, 2019; see Figure 3 for location of lakes).
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The lake area, shoreline dynamics and lake evolution since
1954 of representative landscapes and surficial units
around Rankin Inlet were studied to gain knowledge on permafrost conditions in the region. Climate data, field observations and ground displacements derived from remote
sensing were used to interpret the changes. The results
show that interannual climate variability plays an important
role in lake-water fluctuation. However, it appears that permafrost response to the recent climate warming (since
1993) is a significant factor in modern shoreline changes.
Lake drainage was the dominant phenomenon in coarse
sediments such as glaciofluvial and ice-poor alluvial deposits. For these draining lakes, relatively low water levels
have been observed after recent normal (2017–2018) and
wet (2018–2019) years. Drainage of these lakes is attrib-
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initiated by adjacent ice-wedge degradation. Combining
lake area with the assessment of individual shoreline
morphologies helps to isolate lake instability from climatic
variables and provides a more robust indicator of lakes affected by permafrost degradation. Changes in shoreline
morphology combined with observations of other
geomorphological features further reduces the uncertainty
in this interpretation of permafrost-related drivers. Interannual ground displacement derived from remote sensing
is a good indicator to locate thaw-sensitive ground and associated lake expansion, whereas stable ground is associated with lake drainage. However, multiyear displacements
would be needed to reinforce the links between lake instability and ground displacement derived from remote sensing.

Economic considerations
The western coast of Hudson Bay in the Kivalliq Region of
Nunavut is undergoing significant infrastructure development associated with natural resource development and
community growth; information on permafrost and ground
ice is required to ensure resilience in the context of climate
warming. Thermokarst processes at lake shoreline serve as
a proxy for ice-rich ground and can help identify surficial
geology units prone to instability. Prior to future infrastructure development near Rankin Inlet, attention should be
paid to the distribution of till and alluvial material mixed
with marine sediments, which are ice rich and unstable.
Coarse sediments remain more stable when subjected to
thaw, but the engineering design may need to account for a
thicker active layer. Freshwater systems, including lakes,
are the foundation of major ecosystems and represent a key
resource for northern communities (Lafrenière et al.,
2018); understanding the drivers behind changes in lakewater level is therefore important.
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Abstract
Marine geohazards in Baffin Bay are varied and widespread across the region. Turbidity currents are present mostly on
fiord-head submarine deltas supplied by large volumes of sediment from melting glaciers. However, lakes in the watersheds
act as buffers for sediment transport, trapping sediment in the watershed and preventing the formation of turbidity currents
at some fiord heads. It is thus possible to predict the most likely location of turbidity currents across the fiords of eastern
Baffin Island, showing that about half of the fiord-head submarine deltas have active turbidity currents. Turbidity currents
also occur at the end of littoral cells, such as on the south shore of Broughton Island. These geohazards related to longshore
drift are currently underexplored in Baffin Bay. In addition to turbidity currents, submarine landslides are widespread in the
fiords of Baffin Island. Recent seafloor mapping showed considerable volumes of displaced material in front of Pangnirtung, although these events appear relatively old. Nonetheless, submarine landslides are known to be occurring currently
in some fiords of eastern Baffin Island and are an ongoing process. Offshore, in deep water, evidence of localized Holocene
landslides are observed but do not appear as widespread as in the fiords or nearshore parts of Baffin Island. Ongoing research will help to refine the timing and the triggers of these events. These marine geohazards have considerable
implications for nearshore and submarine infrastructure projects and public safety.

Résumé
Les géorisques marins dans la baie de Baffin sont variés et répandus dans toute la région. Les courants de turbidité sont
principalement présents dans les deltas sous-marins de fjord alimentés par de grandes quantités de sédiments provenant de
la fonte des glaciers. Cependant, les lacs dans les bassins versants agissent à titre de zones tampons pour le transport des
sédiments en retenant ces derniers dans le bassin et en empêchant la formation de courants de turbidité au fond des fjords. Il
est donc possible de prédire l'emplacement probable des courants de turbidité dans les fjords de l'est de l'île de Baffin,
démontrant ainsi que les courants de turbidité sont actifs dans environ la moitié des deltas sous-marins de fjords. Des
courants de turbidité sont aussi générés à l'extrémité des cellules littorales, comme sur la rive sud de l'île Broughton. Ces
géorisques liés à la dérive littorale sont actuellement sous-explorés dans la baie de Baffin. Outre les courants de turbidité, les
traces d'anciens glissements de terrain sous-marins se manifestent à plusieurs endroits dans les fjords de l'île de Baffin. Des
travaux de cartographie récents des fonds marins ont révélé la présence de volumes considérables de matériaux déplacés
devant Pangnirtung, bien que ces événements semblent relativement anciens. Néanmoins, il est reconnu que des
glissements de terrain sous-marins se produisent actuellement dans certains fjords de l'est de l'île de Baffin et sont en cours.
Au large, dans les eaux profondes, la présence de traces de glissements de terrain localisés d'âge holocène a été notée, mais
ces derniers ne semblent pas y être aussi répandus que dans les fjords de l'île de Baffin. Les recherches en cours aideront à
établir de façon plus précise l'âge et les facteurs responsables du déclenchement de ces événements. Ces géorisques marins
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ont des implications considérables aussi bien au niveau de tout projet d'infrastructure côtière et sous-marine que de la
sécurité publique.

Introduction
High seismicity on northeastern Baffin Island has led scientists involved in the Public Safety Geoscience Program of
Natural Resources Canada (NRCan) to conduct research to
improve the understanding of geological processes and
hazards (geohazards) in Baffin Bay. This research informs
stakeholder decisions on the use of offshore areas and provides northern communities with better knowledge for improving public safety. Since 2012, the Geological Survey
of Canada of NRCan has undertaken several research expeditions to map the distribution and understand the recurrence
of marine geohazards, some potentially triggered by earthquakes.
The study of marine geology within a region provides critical information about the modern stability of the seabed,
reveals evidence of past instability and divulges specific
constraints around the timing and triggering of past events,
thus improving predictive capability for future events. For
example, determining the past record of seismic activity preserved in marine sediments helps to better estimate earthquake recurrence and evaluate seismic risk.
Fiords are well-known sediment traps, as evidenced by the
presence of thick deposits accumulated at high sedimentation rates. Therefore, they are more likely to record past
geohazard events such as large earthquakes. Fiords are constrained environments where mapping of past landslide
distribution is much easier than in the offshore, where data
collection is expensive and the record is not as well preserved. Fiords represent cost-effective natural laboratories
for studying geohazard activity in Baffin Bay.
Fiords are known to be more susceptible to submarine and
subaerial sidewall failures, producing some of the highest
tsunami run-ups on Earth. From the 14 highest tsunami runups ever recorded in the world, 10 occurred in glaciated environments such as fiords (Higman et al., 2018), environments similar to eastern Baffin Island. The 2017 Greenland
tsunami and its devastating effects that included loss of
lives serve as a reminder of the risk they pose and their dramatic impact on northern communities.
During the past 7 years, NRCan has been funded by the Program of Energy Research and Development (PERD) and
Crown-Indigenous Relations and Northern Affairs Canada
(CIRNAC) to assess the recurrence of geohazards offshore
eastern Baffin Island. This paper summarizes active and
Holocene marine geohazards identified through research
expeditions on the CCGS Hudson (Expedition 2018042;
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Normandeau et al., 2018), CCGS Amundsen (Expedition
2019804; Normandeau et al., 2019a) and the Government
of Nunavut's R/V Nuliajuk (Expedition 2019NULIAJUK;
Normandeau et al., 2019c). Specifically, it shows examples
of modern turbidity currents and submarine landslides in
fiords of eastern Baffin Island and offshore Home Bay.
These examples reveal the wide variety of marine geohazards currently affecting the shoreline and offshore areas
of Baffin Island.

Regional setting
Baffin Bay is a 1300 km long, 450 km wide, elongated ocean
basin connecting the Arctic Ocean to the Labrador Sea
(Figure 1 inset). The offshore of eastern Baffin Island can
be divided into four distinct morphological settings: 1) the
inner fiords, which trap most of the sediment supplied by
the rivers and consisting of steep-sided walls; 2) the continental shelf, 40–60 km wide with numerous U-shaped
transverse troughs that reach 700 m deep; 3) the continental
slope, dissected by submarine channels and submarine
landslides; and 4) the Baffin Bay basin, accumulating sediment from both the Greenland and Baffin Bay margins and
reaching a depth of 2300 m.

Turbidity currents at fiord heads
Numerous fiord heads consist of well-developed deltas with
submarine channels and/or bedforms on their delta slope and
prodelta (Hughes Clarke et al., 2015). Recently, Normandeau et al. (2019b) showed that turbidity currents were active when there was a direct connection between a glacier
and the delta. Alternatively, when lakes are present in the
sediment-routing system, they tend to capture most of the
coarse-grained sediment in the watershed, leading to erosion of the deltas. When glaciers retreat from the watershed, the reduction in sediment supply also leads to erosion
of the deltas. This was shown by 2019 surveys in Padle
Fiord (Figure 2): the arm southeast of Padle Fiord shows a
direct connection between the glacier front and the delta,
leading to the formation of bedforms by turbidity currents
on the delta front (Figure 2b). In contrast, Padle Fiord has
lakes in the sediment-routing system. Clear filling of the
lakes is observed on airphotos (Figure 2a), showing how
sediments are currently trapped upstream, thus preventing
the formation of turbidity currents (Figure 2c). These new
findings enabled prediction of the locations of active turbidity currents in eastern Baffin Island fiords (Normandeau
and Dietrich, 2019).

Canada-Nunavut Geoscience Office

Figure 1: Location of study area offshore southeastern Baffin Island, Nunavut. Background bathymetry is from the General Bathymetric
Chart of the Oceans (GEBCO; International Hydrographic Organization and the Intergovernmental Oceanographic Commission, 2020)
and the digital elevation model (DEM) is from the Canadian DEM (Natural Resources Canada, 2015).

Turbidity currents at end of littoral cells
Submarine channels and bedforms are observed not only at
the submarine front of deltas but also along the coastline,
away from direct river inputs. One example is on the south
side of Broughton Island, near Qikiqtarjuaq (Figure 3). A
2013 survey shows that submarine channels are present on
a steep slope, where the shelf becomes narrow. The shoreline in the region is clearly eroding, most likely during the
large storms that affect the region. The currents generated
by these storms transport sediment westward, where the
shelf becomes narrow. There, sediments overspill and cre-
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ate turbidity currents that carve the channels and form the
bedforms visible on the seabed. In 2019, a second survey
completed over this field of submarine channels and
bedforms did not reveal any change on the seabed, suggesting that no significant turbidity currents were triggered between 2013 and 2019. However, storms during that period
could have triggered low-density turbidity currents that did
not lead to bedform migration. These results suggest that
powerful turbidity currents in the region are relatively rare.
A sediment core collected in 2019 will allow reconstruction
of the recurrence of such major storms.
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Figure 2: Multibeam bathymetry of fiord-head deltas in the Padle Fiord area: a) location of Padle Fiord and an arm southeast of it; b) fiordhead delta in the arm southeast of Padle Fiord, revealing sediment waves representative of active turbidity currents; c) Padle Fiord, displaying a smooth seafloor indicative of the absence of turbidity currents on the fiord delta. Data are from Normandeau et al. (2019c). Abbreviation: MTD, mass-transport deposit.

Landslides on fiord sidewalls
Evidence of slope instability is observed on the fiord sidewalls in all the fiords surveyed. The focus in 2019 was on fiords near the communities of Qikiqtarjuaq and Pangnirtung
to assess the risk submarine landslides pose to these communities. Near Qikiqtarjuaq, Padle and Southwind fiords
were specifically studied for this purpose. An estimated 56
submarine landslides were mapped in Southwind Fiord
(<1000 m runout, hundreds of metres wide), showing a
high density of slope instabilities. Therefore, Southwind
Fiord was chosen as a test site to understand the factors responsible for sediment instabilities. Geotechnical properties of sediment cores collected on the slope do not reveal
specific weak layers of sediment. This contrasts with offshore cores, in which distinct weak sedimentary layers may
be responsible for failures (Campbell et al., 2017) in the
event of an external trigger. Repeat bathymetry conducted
in 2019 showed the presence of a new landslide, not present
in the 2013 data. This new landslide shows that these pro-
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cesses are active in the fiords of Baffin Island. The landslide occurred in 2018 or 2019, and does not appear to have
been triggered by an earthquake because no large ones occurred during that time. Therefore, research is underway to
understand what triggered this landslide.
Mapping of Pangnirtung Fiord was also completed in 2019.
The maps show submarine landslides, but they are mostly
buried under 1–2 m of sediment according to sub-bottom
profiles, suggesting that they are relatively old (Figure 4b).
Very few landslides appeared to be recent. One particular
event in front of Pangnirtung is large (~4 km2; Figure 4a).
Further work on Pangnirtung landslides will provide an estimate of tsunami generation from submarine landslides.

Offshore landslides
Offshore, most slope-instability processes occurred during
glaciation, as glaciogenic debris flows (Jenner et al., 2018;
Figure 5b). However, submarine landslides did occur dur-

Canada-Nunavut Geoscience Office

Figure 3: Example of a submarine channel system fed by longshore drift on the south shore of Broughton Island. Data are from Normandeau et al. (2019a, c).

ing the Holocene, as attested by sub-bottom profiles showing
chaotic to incoherent reflections at the seabed (Figure 5a).
Sediment cores were collected on these submarine landslides to estimate their age (Figure 5c). From previous studies (e.g., Jenner et al., 2018), sedimentation rates were estimated at 0.015 cm/yr. Using this estimate, the submarine
landslides could be less than 3000 years old. Unfortunately,
because of the large area of the region, limited information
exists regarding the distribution and occurrence of Holocene landslides. Nevertheless, those that were observed appear to be limited in size and localized, suggesting that they
are not widespread and have a low recurrence. That said,
previous studies have shown the presence of weak layers
that could represent a risk of failing during earthquakes
(Campbell et al., 2017).

ple, these landslides can break subsea communication cables that transport 95% of data around the world (Carter et
al., 2012). In August 2019, the Government of Canada announced funding to bring high-speed Internet to Iqaluit and
Kimmirut through subsea communication cables (Miron,
2019). Other communities will logically follow the same
trend, with, for example, Nuvitik Fibre Networks working
toward linking the northern communities to high-speed
Internet (http://nuvitik.ca/). Therefore, it is important, for
the sake of marine management and cable-layout routes, to
document the hazards encountered in the marine environment. The mapping of submarine landslides and turbidity
currents by the Geological Survey of Canada will facilitate
the understanding of hazards on the seafloor of Baffin Bay.

Economic considerations

In addition to the risk they pose to future subsea infrastructure, submarine landslides can trigger tsunamis. Since all of
the communities of Baffin Island are located on the coast
and are only a few metres in elevation, understanding the

Globally, submarine landslides have known negative economic consequences on seafloor infrastructure. For exam-
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Figure 4: a) Multibeam bathymetry of mass-transport deposits (MTDs) in Pangnirtung Fiord. b) Sub-bottom profile showing that
the MTD in front of Pangnirtung is relatively old, buried under ~1 m of sediment. Data are from Normandeau et al. (2019c). Abbreviation: MTD, mass-transport deposit.
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Figure 5: a) Sub-bottom profile illustrating Holocene mass-transport deposits (MTD) and location of core 57. b) Sub-bottom profile illustrating the widespread presence of mass-transport deposits in the Late Pleistocene–Early Holocene. c) Photograph of core 57 collected on a mass-transport deposit (MTD); the thickness of the sediment above the MTD suggests that the landslide
is Late Holocene in age. Data are from Normandeau et al. (2018).

tsunamigenic potential of the identified submarine landslides is essential. However, there is currently insufficient
mapping in offshore areas to properly model the tsunamigenerating potential of submarine landslides. Future research will try to address this knowledge gap by identifying
possible tsunami deposits near the communities.

Conclusions
The timing and location of marine geohazards appear to be
closely related to glacial retreat in Baffin Bay. Glaciogenicdebris flows occurred on the slope when the ice sheet was at
the shelf edge, but the recurrence of submarine landslides
decreased as glaciers retreated landward. Today, marine
geohazards are most active near the coast, where glaciers
provide large volumes of sediments to fiords.
Compared to other regions of Canada, eastern Baffin Island
is quite active in terms of marine geohazards. Approximately half of the rivers between Pangnirtung and Pond Inlet potentially have active turbidity currents. In addition,
numerous submarine landslides, some very young, occur in
the fiords. The 2018–2019 landslide in Southwind Fiord
shows how active these processes are. Offshore, there is
currently little evidence for very recent submarine landslides, although there is localized evidence for some triggered a few thousands years ago, and the region is an area of
relatively high seismicity. However, much of the offshore
remains unmapped and many events are possibly
unexplored.
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Abstract
Northeastern Baffin Island, between the hamlets of Clyde River (Kangiqtugaapik) and Pond Inlet (Mittimatilik) is vulnerable to coastal and inland seismogenic and climatogenic geohazards. Communities and infrastructure within this high seismicity region are situated mostly within 60 m above sea level, and geohazards, such as landsliding, displacement waves and
earthquakes, have all been observed or felt this past half century. Prehistoric and recent hazard records are used to establish
the magnitude, cause and nature of the regional seismicity, and the frequency and probability of future earthquakes, large
landslides and tsunamis. In this paper, analyses of marine-sediment records from Pond Inlet and Tasiujaq (formerly Eclipse
Sound), the first results of a survey of regional terrestrial rock avalanches and related oral-history accounts—based on interviews of citizens of Clyde River—are presented. These initial results indicate that the greatest number of observed onshore
landslides and hazardous processes occur within a seismically active region between the hamlets of Pond Inlet and Clyde
River. Offshore, evidence of significant Holocene mass wasting has been observed in the marine-sediment record of Pond
Inlet and Tasiujaq. Although the lack of evidence outside the zone of high seismicity does not preclude other triggering
mechanisms, a causal relationship between past hazardous processes and seismicity may exist. As permafrost thawing continues, it is possible that frequency of landslides and displacement waves may increase to levels analogous to those in
aseismic Arctic regions with lithologies and fiord relief similar to those of western Norway.

Résumé
La région du nord-est de l’île de Baffin qui s’étend entre les hameaux de Clyde River (Kangiqtugaapik) et de Pond Inlet
(Mittimatilik) est vulnérable aux géorisques de nature sismogénique et climatologique se manifestant le long des côtes ou
dans l’arrière-pays. Les collectivités et infrastructures situées à l’intérieur de cette zone à risque de sismicité élevée gisent
pour la plupart en-deçà de 60 m au-dessus du niveau de la mer et des effets découlant de géorisques, tels des glissements de
terrain, ondes et tremblements de terre, s’y étant produits ou ayant été ressentis au cours des 50 dernières années ont été
notés. Les signes laissés par les aléas naturels survenus depuis la préhistoire jusqu’à maintenant servent à établir la magnitude, la cause et la nature de l’activité sismique à l’échelle régionale, ainsi qu’à déterminer la fréquence et le risque de
tremblements de terre et de tsunamis futurs. Des résultats d’analyses de sédiments marins provenant du bras Pond et de
Tasiujaq (anciennement le détroit d’Éclipse) sont présentés dans cette étude, ainsi que les premiers résultats d’un levé des
avalanches de pierres survenues dans la partie terrestre de la région et des témoignages par histoire orale recueillis au cours
d’entrevues tenues avec des citoyens de Clyde River. Ces premiers résultats révèlent que le plus grand nombre de
glissements de terrain terrestres et autres processus dangereux se manifestent à l’intérieur d’une zone sismique active entre
les hameaux de Pond Inlet et de Clyde River. Au large, des traces de mouvements de masse importants datant de l’Holocène
ont été notés dans les sédiments marins s’étant accumulés dans les eaux du bras de mer Pond et de Tasiujaq. Bien que le manque de preuves de mécanismes autres que l’activité sismique à l’extérieur de la zone active n’exclut pas la possibilité de leur
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/2019/.
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existence, un rapport de cause à effet entre la sismicité et les processus dangereux s’étant produits est néanmoins possible. À
mesure que la fonte du pergélisol se poursuit, la fréquence à laquelle ces tremblements de terre, glissements de terrain
importants et ondes se produisent augmentera probablement de façon à atteindre celle de ces zones arctiques asismiques qui
partagent avec la partie ouest de la Norvège une lithologie semblable ainsi qu’un relief ponctué de fjords.

Introduction
In the past two decades, Nordic countries have invested significant effort in understanding the causes, magnitude and
frequency of nontectonogenic seismicity (Schmidt et al.,
2014), and in evaluating the risk of fatalities and property
damage caused by displacement waves—tsunamis arising
from landslides into the ocean (Hermanns et al., 2014a, b).
In addition, Norway has taken a leadership role in evaluating the hazard and risk of massive rock-slope failures and
their secondary effects, such as displacement waves and
rockslide damming, many of which have been associated
with rapid permafrost thawing (Huggel et al., 2012; Hilger
et al., 2018). In Norway today, seven fiord walls are being
constantly monitored (with early-warning procedures in
place), while more than 80 unstable rock slopes are under
surveillance and subject to periodic monitoring. In total,
over 300 fiord locations where large rock-mass failures can
occur have been identified, and the magnitude–frequency
relations of past failures are being established through the
use of mapping and cosmogenic exposure dating (Schleier
et al., 2015, 2017; Oppikofer et al., 2017).
Northeastern Baffin Island is situated in a region of high
topographic relief within an onshore and offshore zone of
high seismicity. The Qikiqtaaluk hamlets on Baffin Island
are rapidly growing and require expensive infrastructure
(relative to subarctic communities) for new housing and
public services, telecommunications, marine shipping and
local industries. Directly across Baffin Bay from these
communities, one of the tallest (100 m) displacement
waves in recorded history devastated the remote settlement
of Nuugaatsiaq, western Greenland, on June 17, 2017
(Schiermeier, 2017). That tsunami, which was caused by a
massive landslide that generated a large magnitude (M4.1)
earthquake, resulted in four fatalities and dozens injured
out of a population of 84, with half (11) of the houses in the
area destroyed. Yet, despite the recognized hazard potential, the knowledge base in eastern Arctic Canada is currently insufficient to assess seismic, tsunami and landslide
hazards (i.e., quantification of frequency and magnitude of
hazardous processes), let alone proceed with a risk assessment (the probability of the hazards multiplied by the number of fatalities or cost of damage; Leonard et al., 2014).
There is insufficient instrumentation to precisely measure
the location, depth, magnitude and focal mechanisms of
modern earthquakes, even in the high-risk zones, and evaluation of the record of prehistoric seismicity and landslides
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has only recently begun. Permafrost depth and rate of permafrost thaw in the bedrock of eastern Arctic Canada
remain highly uncertain (Smith et al., 2013). These compounded knowledge gaps leave eastern Arctic communities and infrastructure particularly vulnerable to coastal
hazards.

An Inuktut word for ‘rapid inundation of land by seawater’
is Ulinniq. Inundation heights of displacement waves range
from metres (Grand Banks tsunami) to above 100 m (the
193 m high tsunami of 2015 in Taan Fiord, Icy Bay, Alaska
was the highest historical event documented; Higman et al.,
2018). A consortium of researchers from Canadian and international universities and geological surveys, including
the Canada-Nunavut Geoscience Office, are supported by
the Marine Environmental Observation, Prediction, and
Response Network (MEOPAR, a national Network of Centres of Excellence) in their study of these geohazards.
Funding has been received for a MEOPAR project known
as ‘Arctic ULINNIQ: Underwater listening network for
novel investigations of quakes’ (hereafter referred to as
‘ULINNIQ’). This project funds the research reported in
this paper, which concerns the paleo- and historical record
of onshore and offshore mass wasting and displacement
waves. Thus, the focus of this research is not only on the
seismic hazard, but also on the potentially more devastating
tsunami hazard (Figure 1). The long-term goal of the
ULINNIQ project is to provide a comprehensive analysis
of seismic and tsunami risk for eastern Arctic Canada. In
this paper, initial results from an onshore and offshore
study conducted in northern Baffin Island are summarized
using methodologies that range from mapping of terrestrial
landslides, and interpretation and dating of marine-sediment records of mass-wasting events, to the use of oral histories shared by Qikiqtaaluk citizens. These results will
help document coastal hazards that have occurred in the last
50 years and link them to possible triggering mechanisms.
Co-ordination with the local hamlet councils and hunters
and trappers organisations, along with Qikiqtani Inuit Association, the Nunavut Research Institute and other
Nunavut government and research agencies will help optimize the utility of data collected from the offshore and onshore seismic sensing arrays and marine and onshore surveys.
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related to bedrock-slope instability and landsliding in Norway (e.g., Hilger et al., 2018) and has been implicated as a
potential trigger in Canada (Huggel et al., 2012). Coupled
groundwater-flow and heat-transport models revealing the
complexities of permafrost degradation and the impacts of
nonfrozen groundwater production during current and projected climate change in arctic regions reveal a lowering of
the groundwater table over the next century (Shojae Ghias
et al., 2019).

Figure 1: Three mechanisms that cause displacement waves (tsunamis) in high-relief Arctic regions, as reproduced from a 2019
ULINNIQ (underwater listening network for novel investigation of
quakes) project brochure, with translation in Inuktut.

Background
Regional physiography, geology and historical
seismicity
Northeastern Baffin Island, situated along western Baffin
Bay, is a mountainous terrain with very limited sediment
cover, extant valley glaciers and ice caps, exposed rugged
fiord coastlines and broad isolated coastal plains (Figure 2a). It comprises two physiographic provinces, the Davis Highlands (Bostock, 1970) of the eastern Canadian
Arctic rim and discontinuous coastal forelands that extend
onto the modern continental shelf. In the study area, more
than 1000 km of coast is dissected by deeply penetrating fiords with near-vertical cliffs reaching 1000 m above sea
level (asl). Fiord depths frequently reach 400 m below sea
level (bsl), up to 900 m bsl in Kangiqtualuk Uqquqti (formerly Sam Ford Fiord), and the slopes are often near vertical (Figure 2a, b). Between and landward from the fiords,
multiple concordant plateaus remain mostly covered by ice
caps and alpine glacial systems above 900 m asl. The region’s high relief was inherited from Mesozoic stream
drainages and deepened by highly erosive valley glaciers
that extended to the shelf edge during the last glacial maximum. The Pleistocene glacial history of the study area has
been well studied (Andrews, 1989; Klassen, 1993; Dyke et
al., 2003; Refsnider et al., 2013) and includes both strongly
erosive valley glaciers and weakly erosive to nonerosive
cold-based glaciers. These glacial systems persist today as
isolated glaciers with diminishing volume, including a few
tidewater glaciers. Accelerated glacial melting is linked to
recent air-temperature warming (Gardner et al., 2012). The
study region falls within the continuous-permafrost zone,
generally –5 to –10°C at the point of zero annual amplitude
(Smith et al., 2013). Permafrost thaw has already been
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The bedrock in the study region is composed of deformed
tonalite, quartz diorite, granodiorite and/or monzogranite,
and commonly includes layers or enclaves of diorite and
gabbro oriented parallel to gneissosity (Jackson and Morgan, 1975; Jackson, 2000; Skipton et al., 2017). The foliation within these units is frequently shallowly dipping with
variable strike. Granite intrusions, diorite and thin bands of
supracrustal rock are also present. The gabbroic Borden
and Franklin dykes, up to 200 m thick, trend northwest, paralleling numerous brittle faults with steep dips. No
regional-scale study of fracture density has been conducted
on Baffin Island. However, stark contrasts have been observed during fieldwork between local highly fractured
zones (spacing exceeding 10 fractures/m), which are commonly incised by lateral meltwater channels in warm- and
cold-based glacier zones, and zones of much lower fracture
density (<0.5 fractures/m) responsible for tors on plateaus,
large boulder erratics and streamlined bedrock hills. Based
on field observations in the study area, the first-order controls on fracture density and orientation include local lithology and structural elements with pronounced variability in
fracture density occurring near lithological or structural
boundaries. Some fracture sets that parallel topography
may relate to unloading from exhumation or deglaciation,
although no thorough study of the phenomenon has been
conducted in this region.
The largest recorded earthquake above the Arctic Circle
(latitude 66°34'N) was a magnitude 7.3 earthquake that occurred offshore northeastern Baffin Island in 1933 (Bent,
2002). Prior to this earthquake, Baffin Bay and Baffin Island had been believed to be aseismic. As seismic monitoring in northern Canada and worldwide improved, it was
recognized that the Baffin Bay and Baffin Island region is
actually highly active (Figure 3; Basham et al., 1982), with
the risk of seismic hazard considered in the late 20th century to be comparable to that of coastal British Columbia
(Basham et al., 1997). Today, the risk of seismic hazard in
the Baffin Bay and Baffin Island region is estimated to be as
significant as that on the west coast of British Columbia,
but not as high as for Vancouver Island (Earthquakes Canada, 2019).
Despite improvements in the coverage provided by Canada’s seismological stations, the Baffin Bay and Baffin Island region remains Canada’s high-seismicity area with the
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Figure 2: Relevant seismic and geomorphological features of northeastern Baffin Island, Nunavut: a) locations of major earthquakes (>M3.0) as well as that of recorded
landslides and tsunamis, with DEM and GEBCO bathymetry (GEBCO Compilation Group, 2014), 2019 onshore study area (dark grey outline) and Figure 4 (box with
dashed outline). Abbreviations: EQ, earthquake; masl, metres above sea level; USCG, United States Coast Guard.
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Figure 2 (continued): Relevant seismic and geomorphological features of northeastern Baffin Island, Nunavut: b) raster maps of topographic slopes on land from Canadian digital elevation model (Natural Resources Canada, 2016) and in the ocean from GEBCO (GEBCO Compilation Group, 2014). Inset map: Arctic coasts showing
study area (red box), Baffin Island (BI), Greenland (G), Home Bay (HB), Norway (N) and Navy Board Inlet (NBI). GeoMap coastal and country boundary dataset on Arctic projection (www.geomapapp.org).

least instrumentation installed. The limited data on earthquakes in this area is interpolated from data recorded at distant stations (Figure 3). Owing to the imprecision of the location, depth and moments of earthquakes over the past
century in the field area, it is not possible to use critical information from the more frequent, less energetic earthquakes (approximately M2–3) or microseismicity (approximately M<2) to delineate faults and their geometry. With
current instrumentation, only earthquakes approximately
M>6 have provided signals with sufficient precision to determine the breaking mechanisms, though with contradicting results. Four earthquakes of magnitude 6.0 or greater
have occurred in Baffin Bay and one on Baffin Island since
the 1933 event (Bent, 2002). In Qamar (1974), the author
suggested that the Baffin Bay events were aftershocks of
the 1933 earthquake and not independent events. Soon afterward, in the late 1970s and 1980s, based on a small number of existing focal mechanisms, it was proposed that in
the Baffin Bay area, events are dominated by thrust faulting, whereas earthquakes on Baffin Island are the result of
normal faulting (Stein et al., 1979, 1989). However, a more

recent investigation (Bent, 2002) found strong evidence
that the 1933 event was generated by strike-slip motion
with subsequent large M6 events, providing additional evidence for strike-slip faulting. While it is likely that earthquakes in this area are caused by strike-slip, transtensional
normal or transpressional thrust motion along tectonically
active faults in the offshore, some earthquakes may be
caused by glacially induced loading stresses related to nontectonic dynamics of the sublithospheric mantle (Lund,
2015). One of the research goals of ULINNIQ is to test a
hypothesis regarding how, during deglaciation of an area,
changes in the stress field within the sublithospheric mantle
can relax compressional stresses on pre-existing planes of
weakness in the lithosphere—such as inactive crustal
faults—thereby allowing nontectonic rupture. The inability thus far to clearly determine the breaking mechanisms
for even the very large earthquakes is in part due to the geological complexities of the Baffin Bay and Baffin Island
region but also highlights the lack of historical earthquakemonitoring data.

Figure 3: A century of seismicity around Baffin Island, Nunavut. Data for the mapped area correspond to
events reported in the International Seismological Centre-Bulletin with known magnitude (M≥2) and
known depth, from January 1, 1917, to October 1, 2017 (Di Giacomo et al., 2014; International Seismological Centre, 2017). White circle shows the location of the 1933 surface-wave magnitude 7.3 earthquake (modified from Broom, 2019). Yellow box indicates the planned deployment area for the oceanbottom seismometer of the Arctic: ULINNIQ project. Yellow ellipse outlines a proposed complementary
land deployment area for seismological stations. Stars are communities near seismically active regions:
A, Arctic Bay; C, Clyde River; P, Pond Inlet; R, Resolute. Base map imagery ©2017 IBCAO, Landsat/Copernicus, United States Geological Survey; data SIO, NOAA, United States Navy, NGS, GEBCO; map
data ©2017 Google.

106

Canada-Nunavut Geoscience Office

Previous landside and tsunami research
A guide and classification of landslides in Canada strongly
recommends further scientific study of this geohazard
(Cruden and VanDine, 2013). Cruden et al. (1989) suggested that landslides in fiords are linked to high sediment
rates and seismicity. Within the study area, high sedimentation rates have occurred since deglaciation in the fiords and
the high seismic activity in northern Baffin Island is well
recognized (Andrews et al., 1985). Landslide and tsunami
risks are currently a concern for government authorities on
Baffin Island (Canadian Broadcasting Corporation News,
2017; Hill, 2017; Forbes et al., 2018) but there seem to be
no studies that have focused on sufficiently large landslides
capable of creating displacement waves in the vicinity of
the hamlets of Pond Inlet and Clyde River. Instead, previous geohazard analyses have focused on processes active
near municipal assets, particularly infrastructure vulnerable to geohazards (3v Geomatics Inc. and BGC Engineering Inc., 2011) or changing permafrost characteristics
(Ednie and Smith, 2011; Smith et al., 2012a–c). Infrastructure and sustainable-development needs for Pond Inlet and
Clyde River are outlined in the Aarluk Consulting Inc.
(2010, 2011) reports. However, a compilation of all climate-change–related initiatives, including permafrost-related and extreme-events issues (Labbé et al., 2017) among
other types of initiatives, indicates that Pond Inlet (1–3 initiatives) and Clyde River (30–40 initiatives) are modestly
represented among the eight Baffin Island communities, especially those more southern or populated. Furthermore,
like other regions of Arctic Canada, less attention has been
given to potential large landslide or rock-avalanche risks;
instead, regional scientific mass-wasting studies or engineering assessments have highlighted slumps triggered by
permafrost thaw or small-scale solifluction in or near the
communities, such as the 2010 retrogressive-thaw slump
near the Hamlet of Pond Inlet (3v Geomatics Inc. and BGC
Engineering Inc., 2011). This study marks the beginning of
a long-term focus on displacement waves triggered by
landslides and seismic activity, based on a systematic analysis of seafloor morphology and marine sedimentary records within fiords with high sedimentation rates; the modeling of displacement-wave heights from mass wasting on
selected cliffs; the chronology of previous onshore and
offshore large landslide events; and oral histories of displacement waves and coastal mass wasting by residents of
Pond Inlet and Clyde River.

Methods and initial results
Survey of recent onshore landslides
Brief methodology
Prior to and during the 2019 field season, examination of
remote-sensing images (Landsat images, aerial photos and
ArcticDEM [Porter et al., 2018]) was used to search for po-
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tential evidence of coastal landsliding along steep fiord
walls. In the field, weather conditions permitting (clouds,
fog, wind), helicopter access facilitated inspection of cliff
morphology, large-scale fracture geometries and potential
landslides. Over 600 km of valleys and fiords were surveyed for evidence of large landslides and failure surfaces,
and break-away faces on cliffs (as evident from their geomorphology and lack of surface weathering relative to adjacent cliff surfaces). Additional geomorphological observations on cliffs near Dexterity Island were made from the
deck of the Government of Nunavut Research Vessel (RV)
Nuliajuk in late August 2019. Following fieldwork, landslide size, geometry and chronology, as well as glacier velocity, were established using ArcticDEM (Porter et al.,
2018), a high-resolution digital elevation model (Natural
Resources Canada, 2018) and Landsat images (oldest
Landsat images date from 1972). In the case of each landslide, the nose of the landslide deposit was the point of
reference used to calculate the glacier velocity.
Results of the onshore landslide survey
Throughout the 2019 study area (Figure 2), the shallowdipping felsic gneiss and tonalite appear less weathered farther inland and along the steepest and highest fiord walls.
Seaward throughout the coastal hills and lowlands, the relatively lower and less steep cliffs show greater evidence of
weathering, possibly owing to less intense glacial erosion.
Furthermore, their greater proximity to Baffin Bay may result in accelerated grain-scale weathering owing to sea-salt
crystallization and fracture propagation by ice wedging because of relatively longer durations of freeze-thaw temperatures. This would certainly call for further detailed investigation because both these factors (angle of cliff and
weathering of bedrock) likely play an important role in
rock-failure susceptibility.
Various types of small-scale (surface areas <10 000 m2)
landslides on bedrock slopes were observed throughout the
field area. In general, those landslides often appear to be associated with anisotropies in the rock types, such as contacts between felsic and mafic rocks, or with steeply dipping felsic gneissic foliation that daylights seaward (i.e.,
plane of weakness is dipping toward the face of the cliff).
Hermanns et al. (2013) noted that, in Norway, the evidence
for large bedrock landslides is elusive in coastal regions
and steep-walled fiords because large landslide deposits
and rock avalanches could be hidden under deep fiord waters. This is likely the case with the Baffin Island fiords, as
indicated in Broom (2019). However, unlike Norway,
along the slopes of the fiords surveyed in Baffin Island, the
effects of deglaciation have also been so recent that the
steep cliffs lack the weathering necessary to provide a contrast useful in delineating recent slide planes or break-away
surfaces. It became apparent that evidence for large late

107

servations, bedrock in the probable source
region is foliated gneiss dipping 40° toward
the valley, with a strong lithological anisotropy in the upper section of the cliff, where
a mafic rock lens is exposed. The contact between felsic and mafic rocks may have provided a point of weakness for failure, about
100 m from the bedrock/glacier contact.
From Landsat image interpretations, the
glacier ice and bedrock material forming the
cliff retreated by up to 150 m during the
collapse.
Supraglacial deposit LS2, interpreted as a
large glacier-ice and colluvial/glacial-materials landslide (possibly a debris flow) with
boulders deposited mainly in the frontal rim,
consists of about 50 000 m3 of rock and has
an H/L ratio of 0.23 (Figure 5c, d, Table 1).
The failure probably occurred a few months
before August 18, 1972, based on Landsat
images. In the immediate source area, the
gneissic foliation dips shallowly into the
mountain, which suggests that no bedrock
failure was involved in this landslide event.
Supraglacial deposit LS3 is interpreted as a
rock (and possibly colluvial/glacial material) landslide (avalanche; Figure 5d, e) alFigure 4: Location of supraglacial landslides LS1, LS2 and LS3 and reconstruction to
their original position (see inset figure for location on Baffin Island). Glacier margins though it may simply be a reworked mofrom Natural Resources Canada (2017); DEM from Canadian digital elevation model raine, originally buttressed against the
(Natural Resources Canada, 2016). Abbreviation: masl, metres above sea level.
nunatak shown on Figure 5e. The observation that the deposit crosscuts the glacier foHolocene landslides in this region was best preserved and
liation,
similarly
to LS1 and LS2, strongly supports the noevident on extant inland glaciers.
tion that it is the result of a mass-wasting event. The
760 000 m3 of bouldery debris, which progressively beRemote sensing and field observations led to the discovery
comes more elongated down-ice, was deposited around
of three large supraglacial landslides, each with distinct
1855, based on extrapolation of ice-flow rates deduced
characteristics (Figures 4, 5, Table 1). All three were rapfrom Landsat images taken between 1972 and 1978, and the
idly deposited onto glaciers south of Pond Inlet (Figure 4).
assumption of constant ice-flow velocities. A H/L ratio of
Their date of failure was inferred using ice-surface veloci0.25 is inferred, although the exact shape of the original
ties over the past half century, estimated from Landsat imlandslide is unknown. The gneissic foliation at this site dips
agery (Figure 6). The three landslide deposits differ in
steeply toward the valley (>70°) and a mafic lens is exposed
terms of their age, size, nature of the deposit and bedrockin the cliff nearby, above the interpreted location of original
cliff lithology.
deposition. As with LS1, a weak contact between the felsic
and mafic unit may have contributed to the failure.
Supraglacial deposit LS1 is a complex landslide involving
a mix of glacier ice, colluvial/glacial debris and possibly
Discussion and importance of the onshore landslide
bedrock. It occurred between July 20 and 31, 2008, based
survey
on book-ending Landsat images, and has an estimated rock
volume of 460 000 m3 and an H/L (height to length) ratio of
As the three large supraglacial deposits mapped are not
coastal failures, they could not generate displacement
0.33 (Figure 5a, b, Table 1). Currently, this deposit is a thin,
waves. Besides these three large deposits, small (<5000 m3
bouldery, lobate sheet with lateral levees and a ‘hollow’
core, where glacial ice debris was originally deposited, as
of rock) avalanches were observed, especially in the region
observed on the July 31, 2008, Landsat image. Some thinaround LS1, LS2 and LS3. While smaller mass-wasting dening and elongation of the landslide may have occurred
posits, including debris flows and slump failures in unconduring supraglacial transport. From helicopter-assisted obsolidated sediment, are more common and can lend the sta-
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Figure 5: Photographs of supraglacial landslides taken from a helicopter (see Figure 4 for location); a) LS1, oblique view toward the
northwest (white arrow indicates the mafic/felsic rock contact);
b) LS1 overhead view; c) LS2 cliff, horizontal view toward the
south; d) LS2, oblique view toward the north (black arrow indicates
location of cliff shown on Figure 5c); e) LS3, oblique view toward
the southwest.

tistical strength by which their postglacial frequency can be
estimated, in this study the focus is on bedrock-involved
large-volume rock avalanches, owing to their propensity to
trigger large displacement waves. More avalanches will
need to be found to constrain a frequency-density function,
particularly if a bedrock source can be confirmed. It is interesting that the mapped deposits occur in the region of high
onshore seismicity, which suggests that they may well bolster the terrestrial record of seismic-related mass wasting.
A first-order controlling factor in the occurrence of the observed landslides may be the strong bedrock anisotropies,
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such as the contact between mafic lenses and felsic gneissic
rocks. This is also observed in fiords southeast of Cumberland Sound, southeastern Baffin Island, where a strong anisotropy between a large, vertical mafic dyke and felsic
gneiss is linked to the occurrence of a large rock avalanche
(Tremblay et al., 2015). Furthermore, the loss of glacier-ice
buttressing during accelerated deglaciation since the 1970s
and thawing permafrost may also have contributed to the
slope failure. Multiple studies on glacier mass balance have
shown accelerated decrease since 1995–2000 (Gardner et
al., 2012; Van Wychen et al., 2015; Burgess, 2016; Schaffer
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Table 1: Characteristics of the three supraglacial landslides (LS1, LS2 and LS3) south of Pond Inlet, Baffin Island.

could be useful to assess geometry and stability of cliffs in regions where a potential
displacement wave produced by a large
rock failure could affect one or more hamlets (Casagli et al., 2017). Additional inspections, perhaps with infrared- or other
geophysical-imaging techniques, should
also be completed along coasts that share
similar geological features with settings
where the supraglacial landslides were observed. As these cliffs are not near the communities or fiord waters, the lack of events
Figure 6. History of glacier velocity extracted from the frontal part (nose) of landslide in this region requires extending the study
deposits on Landsat imagery for three glacier segments that are transporting
area from the local environments to more
supraglacial landslide deposits (LS1, LS2, LS3).
distal analogous regions. Ground-based
LiDAR (light detecting and ranging) topoet al., 2017; Box et al., 2018). That accelerated rate of thingraphical characterization is also a useful tool for the study
ning is the highest in the past 4 cal. ka (Fisher et al., 2012).
of cliffs susceptible to landslides (Jaboyedoff et al., 2012b).
In high alpine environments, Huggel et al. (2012) stressed
Modern techniques making use of satellites, such as interthe important relationship between climate-change conseferometric synthetic aperture radar, can define the movequences (permafrost thaw, greater frequency and magniment of a block slowly moving downslope (Dehls et al.,
tude of rain events, glacial debuttressing) and the frequency
2014). This method was used in Pond Inlet to assess the seaand magnitude of landslides. A strong link between permasonal ground movement and potential slope instability on
frost warming and rockfall in steep bedrock cliffs was also
the coastal lowlands (3v Geomatics Inc. and BGC Engiestablished in the Alps by Gruber and Haeberli (2007). In
neering Inc., 2011). In addition to the focus on past and fuanother study focusing on catastrophic rock-slope failures
ture catastrophic events, geochronological techniques such
(Hermanns and Longva, 2012), it is suggested that in glacias cosmogenic nuclide dating can assess whether gradually
ated landscapes, the largest landslides and highest fremoving rock blocks are accelerating or decelerating
quency occur shortly after deglaciation, and that progres(Hermanns et al., 2012b).
sive stress release and joint propagation play a role in
Results from analysis of the Pond Inlet marine
delayed rock-slope failures after deglaciation. Hermanns
record
and Longva (2012) acknowledged that proximity to faults
may provide the double effect of greater fracture density
Broom (2019) determined the postglacial depositional hisand the possibility of ground acceleration owing to distory of submarine mass wasting and assessed marine geoplacements, even along seismically inactive but weak fault
logical hazards in Pond Inlet and Tasiujaq. Additionally,
planes. However, in Norway, there is no record of a cataoverall tsunami hazard linked to potentially unstable cliffs
strophic rock-slope failure being triggered by a seismic
can be assessed using spatial relationships of landslide size,
event (Kalsnes et al., 2017).
distance and tsunami wave height, as expressed in the
The close observation from the helicopter of steep fiord
cliffs revealed locations in most fiords that exhibited precarious small (less than hectometre-scale) fracture-bound
blocks. Unlike in Norway, long cracks (>300 m laterally) or
sets of en échelon long cracks parallel to cliff faces were not
observed in these Baffin Island fiords, nor were any discernible downward movements of large rock masses.
The next phase of work could include several techniques
aimed at assessing the susceptibility of rock-face failure in
regions that are not yet surveyed, or in mapped regions that
exhibit signs of slope instability. Future work may also include techniques developed in other mountainous or fiord
environments, such as those described in Jaboyedoff et al.
(2012a), in which susceptibility of large rock instabilities
using observed strain, strain rates, and the type of instability and deformation was quantified. A drone survey of cliffs
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SPLASH model (semi-empirical prediction of landslidegenerated wave run-up heights; Oppikofer et al., 2019).
The following detailed case study is a valuable template
that could be applied to other fiords in the region.
Brief methodology
A number of geophysical and coring activities conducted
over the past 15 years have proven very helpful for this
study. Multibeam bathymetric data were collected by the
Canadian Coast Guard Ship (CCGS) Amundsen during the
2005–2008 ArcticNet expeditions using a Kongsberg
Simrad EM300 multibeam sonar system; those data were
gridded to a resolution of 10 by 10 m2. Additional 3.5 kHz
sub-bottom profiler data were collected during expedition
2013-029 of the CCGS Hudson using a Chirp 3260 Echosounder manufactured by Knudsen Engineering Limited
(Campbell, 2014). The sub-bottom data have a theoretical

111

vertical resolution of 11 cm and sediment thicknesses Table 2: Piston-core information from Pond Inlet cores collected during exwere estimated using sediment velocities of 1500 m/s. pedition 2013-029 of the CCGS Hudson and expedition 2015-805 of the
CCGS Amundsen, including latitude, longitude, water depth and recoveredThree piston cores (0065, 0066 and 0067) were col- core length (modified from Broom, 2019).
lected during expedition 2013-029 of the CCGS Hudson, along with two additional piston cores (0002 and
0003) during expedition 2015-805 of the CCGS
Amundsen (Table 2). These cores were taken to the
Geological Survey of Canada–Atlantic office for further analysis and mixed benthic and planktonic foraminifera or Colus shell fragments yielded 12 radiocarbon dates (Broom, 2019). Samples were sent for
accelerator mass spectrometry (AMS) to the National
Ocean Sciences Accelerator Mass Spectrometry faciltial failure sites along the southern coast of Bylot Island
ity of the Woods Hole Oceanographic Institution and the
were chosen for this analysis.
Keck-Carbon Cycle AMS facility at the University of CaliEvidence for submarine mass wasting
fornia. Radiocarbon ages were calibrated using ‘classical’
age modelling software (CLAM, version 2.2; Blaauw,
Except for minor slumps associated with deltas and other
2010), as well as the Marine13 radiocarbon-age calibration
submarine coastal zones with high sedimentation rates,
curve (http://calib.org) and a global reservoir correction of
there is little evidence of active mass wasting on the sea400 years, with a local marine reservoir correction (ΔR) of
floor in Pond Inlet and Tasiujaq. The multibeam bath220 years (Coulthard et al., 2010).
ymetry reveals a north–south escarpment crossing the centre of Pond Inlet, which can be traced for 3.5 km along the
Factor of safety (FS) calculations were completed on core
basin floor and shows a relief of 20 m, based on sub-bottom
0067 to determine if the shear stress on a slope surface exprofiler data (Figure 7; Broom, 2019). It is unclear if this
ceeds the undrained shear strength of the sediment, assumdisplacement was generated in the Quaternary, but the lack
ing insignificant dewatering or compaction during coring.
of onshore evidence of active faulting suggests otherwise.
Equation 1 (Morgenstern and Price, 1967) was used, where
Most of the evidence for postglacial submarine mass wastSu is the shear strength, γ' is the effective weight of the sediing in Pond Inlet occurs below the seafloor. The start of the
ment (acceleration due to gravity, overburden thickness
postglacial record is marked by a distinct high-amplitude,
and sediment density), β is the slope angle, and h is the
continuous reflection in the sub-bottom profiler data (lower
height of overburden. When FS =1, the slope is potentially
unit-upper unit or LU-UU boundary; Figure 8a; Broom,
unstable.
2019) that denotes a boundary separating the proglacial to
2 Su
deglacial sediments below, from the postglacial sediments
(1)
FS =
sin 2β γ' h
above. The acoustic data show that the postglacial record is
composed of a well-stratified acoustic facies, interpreted as
Steep mountain faces on Bylot Island occur directly across
hemipelagic sediments, punctuated by lenses and wedgethe seaway from the Hamlet of Pond Inlet. Displacementshaped bodies of an acoustically chaotic to reflection-free
wave hazard for the hamlet was investigated using the
facies, which are interpreted as mass-transport deposits
SPLASH model in Oppikofer et al. (2019). Equation 2 was
(MTDs; Figure 8a–c; Broom, 2019).
used to determine if a displacement wave generated from a
subaerial landslide on Bylot Island, entering the seaway,
could generate run-up heights large enough to reach community infrastructure:
R = aV b x c

(2)

where R is the run-up height in metres, V is the landslide
volume in Mm3 and x is the distance from the landslide in
kilometres. Additionally, best-fit parameters are a = 18.093,
b = 0.57110 and c = –0.74189. Since there are no known
landslide volumes along the southern coast of Bylot Island,
published volumes from the recent 2017 landslide that
occurred near Nuugaatsiaq, Greenland, on the other side of
Baffin Bay, were used; volume estimates included
33.4 Mm3 (Bessette-Kirton et al., 2017), 45 Mm3 (Fritz et
al., 2017) and 74.4 Mm3 (Chao et al., 2018). Seven poten-
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Within the well-stratified facies, moderately high-amplitude continuous reflections correspond to sand/silt deposits
in the sediment cores and are interpreted as turbidites.
There are nine of these reflections in central Pond Inlet,
consisting of turbidites A–H and the lower unit–upper unit
(LU–UU; Figure 8a–c) boundary, which can collectively
be traced for 2–22 km in the subsurface. There are six
MTDs identified in central Pond Inlet; these reach 9–22 m
in thickness and cover areas of approximately 4–34 km2
(Figure 8a–c). Ages extracted from calibrated radiocarbon
dates, assuming constant sedimentation rates (Broom,
2019), reveal that postglacial sedimentation in central Pond
Inlet started around 10.7 cal. ka with the deposition of the
first postglacial turbidite (LU–UU boundary: Table 3).
Since then, at the resolution scale of the sub-bottom data,
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Figure 7: a) Regional study area of Pond Inlet (PI) and Tasiujaq (T) surrounded by Bylot Island and Baffin Island. b) Topographic and bathymetric map depicting locations from which piston core and sub-bottom profiler data were gathered. Yellow star shows location of the Hamlet of Pond Inlet (HPI). Transect A-A' from Figure 8a is shown in yellow, transect B-B'
from Figure 8b in red and transect C-C' from Figure 8c in orange. Multibeam bathymetry collected by Ocean Mapping
Group (Ocean Mapping Group, 2013) as part of ArcticNet (2005-2008), and ArcticDEMs were created by the Polar
Geospatial Center from DigitalGlobe, Inc. imagery (Polar Geospatial Center, 2017).
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Figure 8: Acoustic data highlighting the postglacial subseafloor record of Pond Inlet showing nine turbidites and six mass-transport deposits (MTDs) recorded in the central region: a) MTD-1, -2, -3, -5 are found along transect A–A'; b) MTD-1, -4, along transect B–B'; c) MTD-6,
along transect C–C' (location of transects shown in Figure 7). Location of piston cores (PC) are shown (modified from Broom, 2019). Abbreviations: LU-UU, lower unit-upper unit; NE, northeast; NW, northwest; SE, southeast; SW, southwest; twt, two-way travel time.
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Table 3: Radiocarbon dates from piston cores 0065, 0066, 0067, 0002 and 0003,
including depth interval, radiometric age, analytical uncertainty, calibrated age and
total uncertainty (modified from Broom, 2019).

there has been an average of one mass-wasting event every
1.6 cal. ka (Broom, 2019). When examining the data at a
more detailed scale, such as at the resolution of the core
sedimentology data, more frequent events are observed.
Slope stability and displacement wave run-up
Factor of safety calculations for core 0067 show that FS is
<1 along the entire length of the core, with a minimum FS of
9.72 near the base of the core. Rearranging the equation to
solve for the critical-slope angle that would bring FS<1, reveals that a minimum slope angle of 8.6 degrees would be
required to trigger slope instability. This slope angle primarily occurs along the bedrock highs and steep flanks of
the seaway. The SPLASH equation shows that a landslide
from site 1 (closest to Pond Inlet) or site 7 (farthest from
Pond Inlet), similar in volume to that estimated for the 2017
Nuugaatsiaq slide, would produce run-ups of 11–14 m asl
for a 33.4 Mm3 slide and 17–22 m asl for a 74.7 Mm3 slide
(Figure 9a). Infrastructure along the coastline of the Hamlet
of Pond Inlet is situated as close as 5 m asl, with the majority occurring below 60 m asl (Figure 9b). Results from the
displacement-wave calculations suggest that a landslide,
similar in size to the 2017 slide near Nuugaatsiaq, has the
potential to trigger a displacement wave with a large
enough run-up height to reach housing and other infrastructure along the coast of the hamlet (Figure 9b). Further investigation of the steep slopes along southern Bylot Island
is required to assess the likelihood of subaerial failures occurring in this region.
Significance of the marine results
Acoustic mapping and chronologies of postglacial mass
wasting in Pond Inlet reveal an average of one event every
1.6 cal. ka. It was noted in Broom (2019) that 10.7 cal. ka is
a maximum age estimate for the onset of postglacial deposition, as the first turbidite occurs below the dated interval of
the cores. Ages were extrapolated using sedimentation rates
from the cores to depths determined from the sub-bottom
profiler data. It is likely that sedimentation rates were
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higher during the Early Holocene (Andrews et
al., 1985; Bellwald et al., 2019), which would
potentially make the extrapolated age of
10.7 cal. ka younger and, therefore, the average
recurrence more frequent; more detailed chronologies would improve these age estimates.
The cause and controlling factors responsible for
the submarine mass-wasting events have not
been established (L.A. Broom, work in progress)
and, therefore, changes in their frequency may
be linked to changes in sediment loading and sea
level in addition to any local climate or seismicity changes.

Additional research is required to determine if
the escarpment in central Pond Inlet is an active
fault, an inactive fault scarp or a bathymetric feature of the pre-Quaternary bedrock. The slope-stability
analysis indicated that the cored sediments in Pond Inlet appear stable under gravitational loading alone, although factors like sedimentation rate (and timing of compaction and
dewatering) and eustatic changes could have affected this
shortly after deglaciation. The critical angle for slope failure is primarily exceeded along bedrock highs, where
likely only a small amount of sediment cover has not been
acoustically imaged. This suggests that an external triggering mechanism is required to generate slope failure in this
region. Earthquakes are a common triggering mechanism
associated with submarine slope failures and the high seismicity in the northern Baffin Bay region is consistent with
earthquakes acting as a possible trigger. However, other
mechanisms such as glacial outburst floods, storms, permafrost thaw and unloading of valley walls cannot be ruled out
at this time. Regardless of the triggering mechanism, submarine failures are recurring in the area and should be investigated further to better understand the potential risk to
coastal communities, and coastal and seabed infrastructure.

Initial results from an oral history analysis in
Clyde River
ULINNIQ 2019 oral history report
The ULINNIQ oral history project is focused on the Inuit
memories of, and traditional knowledge about, seismic activity and related phenomena that have occurred during
roughly the last half-century in the waters of Lancaster
Sound and Baffin Bay. The project’s activities are principally centred on Clyde River and Pond Inlet. These two
communities are today home to Inuit descended from Elders who, until the 1960s, lived in the several dozen semipermanent winter villages and seasonal summer camps that
were scattered from Navy Board Inlet and Tasiujaq through
the Buchan Gulf area, south into Home Bay.
To date, primary research activities have concentrated on
Clyde River; these were carried out over three weeks in
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Figure 9: a) Sites chosen for testing the SPLASH equation from steep mountain faces along the southern coast
of Bylot Island: the closest (22 km) and furthest (31 km) travel distances from the Hamlet of Pond Inlet are shown
with bathymetry given in metres (m). Multibeam bathymetry from Ocean Mapping Group (2013) and ArcticDEMs
created by the Polar Geospatial Center from DigitalGlobe, Inc. imagery (Polar Geospatial Center, 2017). Base
map is from imagery ©2018 IBCAO, Landsat/Copernicus, United States Geological Survey; data SIO, NOAA,
U.S. Navy, NGS, GEBCO. b) Satellite imagery of the Hamlet of Pond Inlet and two potential run-up heights predicted from the SPLASH equation of 10 and 22 m asl (yellow and orange, respectively). The 60 m elevation contour line (red) represents the elevation below which most of the homes and services for the Hamlet of Pond Inlet
exist in 2019 and therefore the run-up height likely to lead to the most extensive destruction. Map data ©2017 and
2018 Google Earth. Abbreviation: asl, above sea level.
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April and May 2018 and ten days in April and May 2019.
During this time, a total of 14 individual interviews of participants between the ages of 34 and 61 were carried out in
parallel with non-ULINNIQ research.
The interviews focused on two kinds of information. The
first was about participants’ direct experience with or observation of phenomena possibly related to seismic activity
(no interviewee stated that he or she personally experienced an earthquake), or what they had learned about the
topic from Elders’ narratives. The information elicited included direct observation of cliff collapses and unexpected
marine (displacement)-wave activity, whereas remembered narratives spoke of shaking ground and wave disturbance. Other information collected included various
Inuktut terms used especially by Elders to describe various
phenomena related to the overall goals of ULINNIQ (recall
ulinniq means ‘rapid inundation of land by seawater’ in
Inuktut).
Brief methodology
As with other research activities, research licenses were obtained and communications with various Nunavut and
Qikiqtaaluk government agencies and community officials
were initiated. The first step before commencing project
activities was to secure certification, which was received in
March 2018, from the McGill University Research Ethics
Board for research involving human subjects. The 2018
certification was followed by submission of a research license application to the Nunavut Research Institute (NRI)
in Iqaluit, Nunavut, as this agency oversees research in the
territory. Both the university certification and the NRI
research license have since been renewed twice (2019 and
2020).
At the same time, letters and an overview of the project,
both in English and translated into Inuktut, were sent to the
Hamlet Council and Hunters and Trappers Organization
(HTO) in both Clyde River and Pond Inlet. The purpose for
this was to 1) make direct contact with the relevant bodies
in the communities (rather than rely solely on any NRI
communications) and 2) arrange to meet and report back at
future dates with the respective hamlet councils, to explain
results and interpretations of the project in person. Community sessions were held in Clyde River but, unfortunately, in
2018 weather issues prevented travel between Clyde River
(Kangiqtugaapik) and Pond Inlet (Mittimatilik), and in
2019, a personal issue mandated an early return to Montreal. As a result, interviews have not yet been undertaken
in Pond Inlet.
Two means were used to contact potential interview participants. The first was to solicit the names of potential invitees
through consultation with the board members of the
Namautaq HTO in Clyde River. This approach brought
forth the names of 12 persons, 11 of whom agreed to be
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interviewed (one was absent from the community in both
years). The other means was to reach participants during a
lunchtime program broadcast in Inuktut on a community
radio station; the project was outlined, and listeners were
invited either to volunteer or suggest potential participants.
Two suggestions were received but these individuals had
already been identified through the HTO consultation;
however, three other volunteers were added to the HTO list.
Therefore, there were 14 participants from Clyde River in
total; all participants were met with separately.
Participant interviews generally lasted from one hour to up
to two and a half hours; nine participants were interviewed
twice and two generously agreed to being interviewed a
third time. Additional interviews were conducted when either a participant tired during the initial interview or the interviewer was invited by the participant to return to continue the interview from where it had previously ended.
Interviews were conversational and carried out in Inuktut
with six participants, whereas English was the language
used with the other participants. Maps (scale 1:250 000)
covering the region from northern Buchan Gulf to northern
Home Bay were used to facilitate each exchange and to
identify locales brought up during these exchanges; whenever possible, site identifications were noted in Inuktut and
English. It is noteworthy that, in some cases, the interviewers received confirmation about an event already identified by another person. Also, unless information about an
event or action has been received from an Elder, or has become part of general lore over time, Inuit generally confine
their responses to questions about events that they, as
individuals, have experienced.
Interim results
Inuktut vocabulary
While the formal name for this MEOPAR project is
Ulinniq, meaning ‘rapid inundation of land by seawater’, it,
like many Inuktut words, can have different meanings depending on the context in which they are used; for instance,
ulinniq can also refer to a ‘rising tide’. The most common
term specific to ‘earthquake’ is ‘sajuppilak’. Both these
terms were used during all interviews, but additional terms
relevant to possible seismic-related events were solicited
from respondents. Several of these terms are noted below
with a brief explanation:
• Two older participants provided the term itsik, literally

‘Big Toe’, as an old word for ‘earthquake’. Itsik can be
thought as having metaphorical reference to a giant
dragging his/her big toe along the earth.
• Tajaraq means ‘When the Water Draws Away from the

Land’, but is never used to mean a ‘lowering tide’. It is
perhaps analogous to the precursor to a tsunami-like
event. Five people knew this term.
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• Nanukluq describes the wave that a swimming polar

bear (nanuk) pushes ahead as it moves forward in the
water; all but one younger respondent knew this term.
Oral narratives
One of the difficulties with the oral narratives was that in
nearly every instance, participants could only approximate
when the event occurred. To affix a ‘date’ to such an event,
attempts were made to correlate event information with
well-known recorded events or by relating the event to the
age of the respondent, or that of other individuals known at
the time. For example, in one case for an event that occurred
when the informant was in his infancy, the approximate
year it occurred was determined by noting the age of a nowdeceased older sibling who was present at that time. The
events related in most of the narratives took place within
250 km of present-day Clyde River and event locales were
identified through their Inuktut place names. Below are examples of the kinds of events people have been told of or
have experienced:
• Atajaraq-like event happened at the head of Kangiqtualuq
Uqquqti (formerly Sam Ford Fiord) near where the Sam
Ford River enters the fiord, most likely in the late 1950s
or early 1960s (possibly 1957 or 1963). It took place
while several families were camped for caribou hunting
so it likely was August or September. The water retreated from the shore and returned as a large wave that,
once the sea had settled, left several arctic char stranded
on the beach; no humans were injured. (This story was
related by the son of one of the now-deceased hunters
who was then present.)
• This narrative came from a man who was told about it by
his mother as he was an infant at the time of the event.
His mother was living on the western shore of Dexterity
Island, at a place called ‘Qangmaqtavik’6. The woman
was in her tent with her young son when a shock wave
shook the ground and was severe enough to cause her
son to fall off her back (her son was leaning out of the
amautiq, or woman’s parka, in which he was being carried). She and the others present rushed from their tents
and at least one tent collapsed. Judging from the approximate age of the child that was being carried (one or two
years old), the occurrence was either in 1961, 1962 or
1963. (This story was confirmed by the respondent’s
brother.)
• Several men were waiting for narwhal on the island
called Umiujaq (formerly Agnes Monument) some
5 km off Cape Christian. There was landfast ice that extended out from the cape to the island, such that the men
were able to travel back and forth. The informant recalled that the ice was at least a metre thick. As he and
his brother (who was interviewed later and confirmed

6

Place names in single quotation marks are unofficial.
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these details) started for the island, the ice began to
heave and break, and broken ice became piled on both
the mainland shore and on the eastern (seaward side) of
Umiujaq. These conditions continued for two to three
days despite there being no wind and inhibited travel
from the shore at Cape Christian to the island. This happened in 2011 or 2012 and, as the men were waiting for
narwhal, probably in late June or early July. (Four other
men, two of whom were on the island, related versions
of this event; these varied in minor details [e.g., whether
the ice was disturbed for two or three days] but overall
the stories were similar.)
• The following is similar to the event related above. It

was in the early 2000s at Umiujaq, probably in late June
as there was ice extending out to and beyond the island.
Several other hunters planned to go to the island to look
for narwhal along the floe edge and had just reached
Pinguarjuit (formerly the United States Coast Guard site
at Cape Christian) when suddenly the ocean lifted the
ice, which began to grind and tumble like when ice
breaks up at the mouth of the Kuugaaluq (formerly
Kogalu River). The ice made incredible noise and was
literally ground to bits. When the interviewer told this
participant about the Umiujaq experience recorded the
previous year from several other interviewees, the man
said that this was probably a different time as there was
no one at Umiujaq when this second event happened.
• A similar narrative about a sudden breaking of the sea

ice was related by a man whose aunt lived on the southeastern side of Kangiqtugaapik (formerly Clyde Inlet)
between ‘Iqqaliktuq’ and ‘Ailuktalik’, or between the
mouth of Inugsuin Fiord and Cape Hewett. She was sitting close to the beach when the ice in front of her
heaved and a geyser of water spouted into the air. This
was some 60 or more years ago.
• Five interviewees recalled being told by older relatives

about a time, apparently in the early 1960s, when families were camped for the summer near a place called
‘Nassak’ in the northern reaches of Buchan Gulf. One
morning, a large piece of a cliff across the fiord from
where the people were camped crashed onto the sea ice.
(This is a region where there are many cliffs that rise out
of the sea, so the interviewer was not able to identify the
exact location. However, because Buchan Gulf is closer
to Pond Inlet than Clyde River, there may be people in
Pond Inlet who are familiar with this occurrence and
who will be able to provide more details.)
• The following occurred sometime in 1981 or 1982. It

happened at a time of open water with no ice, so likely in
August. Several families were camped on the northern
side of Kangiqtugaapik at ‘Akingattiarittuq’ (‘A Place
Facing the Sun’). It was evening and the families were
relaxing before continuing to the landward end of the inlet to hunt caribou. As a woman was walking between a
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spot where several men were sitting and a small boulder
on which a metal tea mug was standing, the mug tumbled off the rock and one of the men asked her if she had
bumped it. However, when it fell, the woman was already several metres past the rock. A few moments later,
the face of a cliff almost directly across the fiord from
them (i.e., on the southern side of the fiord across from
Tulukkaaqtalik, which means ‘Where Ravens Nest’)
collapsed and a large cloud of dust rose into the air. Because the place where the rock face fell was behind a
stretch of beach, the collapsed rock did not land in the
water or it is thought that a large wave would have been
pushed across the inlet. (Three participants related this
event; neither of the two places mentioned in this narrative have known English names.)
• This interviewee was travelling with his father and several

brothers by freighter canoe to hunt at Kimmiaqtaqtujuq
(formerly Cormak Arm, midway down Kangiqtugaapik).
As they neared Kimmiaqtaqtujuq, they saw a huge
cloud of dust rise along the southern side of the inlet,
beyond where it turns toward the landward end of
Kangiqtugaapik; because of the turn, they were not
immediately able to see the source. However, when they
made the turn, they saw that a part of the mountain had
fallen and had broken ice along the shore. The interviewee was not sure what year this had occurred or if the
collapse was at Tulukkaaqtalik but agreed that it might
have been the same event as that noted above. (In light
of this man’s present age and the age he thinks he was
[i.e., late adolescent] when this occurred, it may well
have been the same event.)
• The following happened near Arctic Bay sometime be-

tween 1978 and 1981, either in March or April, and was
communicated by a man whose father had told him the
story. The father often hunted on Brodeur Peninsula
across Admiralty Inlet from Arctic Bay, and also on the
Borden Peninsula between Adams Sound and Moffet
Inlet. When he travelled over land, he usually followed
one or another valley route depending on his intended
destination. This narrative concerned a time that the father set out for what was to be a hunting trip lasting several days, but from which he returned the evening of the
same day. The reason for his premature return was that
the valley route that he usually travelled (and had apparently used only a few weeks earlier to hunt ptarmigan
and hare) was impassable. It was a relatively narrow valley and he found it blocked from side to side by a considerable amount of rock debris and snow. The interviewee
said that his father speculated that there had been a landslide or avalanche but had no idea of the possible cause
of such an event.
The information in these oral histories is currently being
used to determine if there are earthquakes in available seismic catalogues that align with the location and timing con-
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straints provided. In 2019, some of the locations where displacement waves and small landslides had been observed
were visited to determine if there was evidence of a contemporaneous large rock avalanche in the adjacent fiord coasts.
No large rock-avalanche deposits were observed along
these coastlines, although their presence could be obscured
by deep seawater.

Economic considerations
Residential, government, health, commercial and industrial
infrastructure on the fiord landscape of the eastern coast of
Baffin Island is susceptible to marine geological hazards,
including displacement waves caused by landslides and
earthquakes. The scope of this project, which will integrate
marine and surficial geoscience as well as oral histories, is
important for the evaluation of marine-geohazard risk assessment. Data collected will help authorities and stakeholders make more sustainable and responsible decisions
regarding design of communities and emergency plans.
The collection of detailed information relative to seismicity
will lead to a better understanding of the causes and behaviour of active and latent fault systems in the region (both
offshore and onshore). The observations on the magnitude
and chronology of past supraglacial landslides and the history of mass wasting interpreted from the marine-sediment
record in Pond Inlet and Tasiujaq provide insight into possible causal mechanisms and frequency of these events. This
study provides a baseline of information on which to develop new research in the field of geohazards in fiord settings that will continue to experience permafrost thawing.
Examples of relevant research initiatives for geohazard risk
management in fiord environments include landslide risk
management (Kalsnes et al., 2017), systematic geological
mapping for landslides studies (Hermanns et al., 2012a)
and systematic mapping to characterize unstable bedrock
(Hermanns et al., 2013, 2014b). Although this study warrants the attention of industry and urban planners, the preliminary findings reported from the SPLASH model and
more sophisticated modeling in the future should be
considered with respect to impacts on first responder,
medical and food-security infrastructure to determine
whether potential relocation to higher elevations is
justified.

Conclusions
The following conclusions are submitted in this first year of
the ULINNIQ project. Rock- and ice-avalanche deposits
dating from the past century are observed on glaciers in the
zone of highest seismicity. A more detailed search is required to relate the landslides to earthquake shaking. The
number of bedrock-sourced rock avalanches is too few to
compute frequency. No large (i.e., more than 1 Mm3)
coastal landslide deposits were observed on land, although
large landslides from fiord walls could be concealed under
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seawater or ice. No active fracture openings above fiord
cliffs were found to extend over more than 100 m. The marine sediment in Pond Inlet and Tasiujaq reveals several
major mass-transfer deposits, which are linked to masswasting events since deglaciation, and many smaller
events, which generated turbidites, despite the apparent
lack of evidence for large landslides on the adjacent subaerial valley walls. Oral histories from Clyde River are revealing that ground shaking has been felt in the past half
century, particularly in the onshore region of known high
seismicity. The oral histories also document observations
of displacement waves, although whether these were
caused by coastal or submarine landslides, or by seismogenic displacements of the seafloor, has not been established for each observation. A SPLASH model indicates
that if a landslide of similar size to the 2017 Nuugaatsiaq,
Greenland, landslide occurred along the south facing cliffs
of Bylot Island, it could trigger a displacement wave reaching the Hamlet of Pond Inlet with run-up heights greater
than 20 m. Compared to Norway, with similar relief, lithology, fracture density and foliation, the northeastern Baffin
Island region has experienced fewer large rock avalanches.
In addition to receiving more rainfall, a major difference is
that Norway is significantly warmer, and this may suggest
that as Baffin Island experiences bedrock-permafrost
warming, there may be a consequent increase in frequency
of large avalanches and coastal displacement-wave risk.
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Abstract
Rapid growth and modernization of the City of Iqaluit during recent decades may have led to changes in sediments, nutrients, carbon and contaminants cycling in the nearby shallow coastal environment of Koojesse Inlet in Frobisher Bay. However, there has been very limited environmental investigation of Koojesse Inlet during this period of rapid growth. Here, a
first step is taken toward describing the physical and geochemical properties of Koojesse Inlet sediments and assessing recent changes to the marine environment using a suite of sediment core collected in 2017–2018, prior to the development of a
new deep-water port. Seven sediment core were analyzed for radioisotopes (210Pb and 137Cs) and sediment geochemical
properties, including inorganic and organic carbon, major elements and metals. Surface samples (n = 20) were also analyzed
for geochemical properties. Significant surface sediment hypoxia, strongly reducing (sulphidic) conditions within nearsurface sediments, elevated organic carbon and sulphur burial, and slightly anomalous concentrations of metals (but near
natural background levels) characterize the environmental status of the sediments in Koojesse Inlet. From 210Pb chronology
and 137Cs distributions, sediment accumulation rates and mixing rates are greater in Koojesse Inlet relative to deeper waters
of inner and outer Frobisher Bay. Core from the deeper waters contain sedimentary records of environmental change, allowing for the resolution of changes over periods of ~25–30 years. This paper provides preliminary results of analyses and highlights a need for closer investigation of how redox chemistry within Koojesse Inlet sediments may have been impacted in
recent decades, with implications for carbon and metal sequestration rates and living conditions for benthic biota.

Résumé
La croissance rapide et la modernisation de la ville d’Iqaluit au cours des dernières décennies ont pu entraîner des
changements dans la nature de la charge sédimentaire, des substances nutritives, du carbone et des contaminants en
mouvement dans les milieux côtiers peu profonds du bras de Koojesse, dans la baie Frobisher. Cependant, très peu d’études
environnementales portant sur ce bras de mer ont eu lieu au cours de cette période de croissance rapide. La présente étude
fait état des premières étapes entreprises en vue de décrire les propriétés physiques et géochimiques des sédiments qui s’y
sont accumulés et d’analyser les changements récents touchant le milieu marin à l’aide d’une suite de carottes de sédiments
recueillies en 2017–2018, soit avant la construction du nouveau port en eau profonde. Les isotopes de 210Pb et 137Cs ont été
analysés sur des prélèvements de sept carottes de sédiments; des analyses ont aussi porté sur les propriétés géochimiques
des sédiments, notamment la présence de carbone inorganique et organique, d’éléments majeurs et de métaux. Des
échantillons de surface (n = 20) ont également fait l’objet d’analyses en vue d’établir leurs propriétés géochimiques. Les
conditions environnementales des sédiments du bras de Koojesse se caractérisent par un taux d’hypoxie important des
sédiments de surface, des conditions réductrices (sulfurées) intenses au sein des sédiments superficiels, une quantité
enfouie élevée de carbone et de soufre organiques et des concentrations légèrement anormales de métaux (bien que se
rapprochant des taux de concentration de fond naturels). Basé sur la chronologie établie à partir des mesures 210Pb et de la
teneur en 137Cs, les taux de sédimentation et de mélange de sédiments sont plus élevés dans les eaux du bras de Koojesse que
dans les zones d’eaux plus profondes à l’intérieur et au large de la baie Frobisher. Les carottes provenant de ces eaux plus
profondes renferment des traces sédimentaires de changements environnementaux et l’analyse de ces dernières pourrait
mener à l’élucidation de changements qui se produisent sur une période approximative de 25 à 30 ans. Cet article contient
non seulement les résultats préliminaires d’analyses mais souligne également la nécessité d’examiner de plus près tout
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élément ayant eu une incidence au cours des dernières décennies sur la réaction d’oxydoréduction, qui a lieu dans les
sédiments du bras de Koojesse, et des répercussions que cela pourrait entraîner au niveau des taux de séquestration du
carbone et des métaux, ainsi que du milieu de vie des biocénoses benthiques.

Introduction

Physiography and geomorphology

Rapid modernization and development together with climate change are bringing about significant changes in carbon and contaminants cycling in arctic coastal environments. Well-dated and geochemically characterized
sediment core can provide excellent records of change in
carbon and contaminant supply and may allow reconstruction of the timelines and environmental conditions associated with changes. The marine sediments near Iqaluit were
presumably affected by urban activities since the initial
construction of the airport in 1942 (Eno, 2001). Indeed,
previous work found minor local contamination by polychlorinated biphenyls (PCBs) and elevated levels of lead
(Pb) and arsenic (As) within 1 m of seabed debris in
Koojesse Inlet (Department of National Defence, 1995).
However, the greatest changes in Iqaluit have occurred during the past 30 years, including a doubling of the population
(from 3552 in 1991 census data to 6699 in 2011; Statistics
Canada, 2019) and major infrastructure development.

The landscape within and around inner Frobisher Bay area
has been described in various studies (Hodgson, 2005;
Allard et al., 2012; Hatcher and Forbes, 2015; Tremblay et
al., 2015; Deering et al., 2018). Inner Frobisher Bay is a
70 km long, generally less than 100 m deep, embayment
separated from outer Frobisher Bay (200 km long and
generally less than 300 m deep) by a transverse series of islands. Koojesse Inlet is a 4 km long embayment within inner Frobisher Bay. Tidal range is about 11 m in inner
Frobisher Bay. After complete glacial invasion during the
Last Glacial Maximum, Frobisher Bay was progressively
deglaciated between 11 and 7 ka (Dyke et al., 2003). The
sea floor of inner Frobisher Bay is typically muddy, with
some sandier areas, with generally less than 5% gravel, and
commonly with only a trace amount of gravel (Deering et
al., 2018).

In October 2017, the Canada-Nunavut Geoscience Office
collected a number of surface sediment samples and core
from Koojesse Inlet, near the City of Iqaluit, Nunavut (Figure 1). Along the shoreline near the core sites are several
possible anthropogenic sources of nutrients, carbon and
contaminants, including the city’s sewage lagoon, a former
military site, garbage dumps, streams and small-craft harbours. In addition to potential land-based contaminant
sources, ship traffic into Nunavut’s capital city has increased over the last decade and the development of a deepwater port began in 2018. The Koojesse Inlet sediment
sampling for this study was completed prior to the port construction. Two additional offshore core (Stn.Bell_10,
Stn. 12c; Figure 1a) in Frobisher Bay were sampled by the
University of Manitoba in 2018 from aboard the Canadian
Coast Guard Ship (CCGS) Amundsen.
To address concerns about the impact of community-based
sources of contaminants and obtain baseline data for the
new port and associated increasing potential for future contaminant inputs (e.g., oil spills), the Canada-Nunavut
Geoscience Office (CNGO) collaborated with the Centre
for Earth Observation Science (CEOS) at the University of
Manitoba to study recent sedimentary archives from
Frobisher Bay. Seven core were dated using radioisotope
methods and, along with surface samples at 13 other locations, were analyzed for sediment geochemistry (carbon,
some major elements and some metals). This paper
provides preliminary results of these analyses.
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Previous work on the geochemistry of
Koojesse Inlet
The geochemistry and concentrations of contaminants
within sediments around Koojesse Inlet was described in a
report by the Department of National Defence (1995). The
report depicts low but discernible contamination of surface
sediments with PCBs, polycyclic aromatic hydrocarbons
(PAHs), dichlorodiphenyltrichloroethane (DDT), metals,
dioxins and furans near Iqaluit, with likely shoreline
sources. Trace metals were also analyzed and reported to be
within the range of natural concentrations in background
sediments. However, As and Pb were anomalously high
near some sunken metal structures and Pb concentrations in
sediment were also relatively high near the location where
sealift barges dock on the beach. Other studies detail metal
geochemistry around Iqaluit, notably for Pb (Peramaki,
1997; Peramaki and Decker, 2000).
The outflow of untreated sewage directly into Koojesse Inlet is a major concern for local residents. In the winter of
2019, a blockage in the sewage system required the diversion of 950 000 L of raw sewage into Koojesse Inlet daily,
lasting for two weeks (McKay, 2019). Previous studies
have linked the high organic carbon content and lack of oxygen in Iqaluit’s sewage lagoon water effluent with low
ecological diversity and density of neighbouring benthos in
Koojesse Inlet (Samuelson, 1998; Krumhansl et al., 2014).
The implications of wastewater effluent on the biogeochemical cycling of carbon and major and trace elements
within the bay’s sediment are not known.

Canada-Nunavut Geoscience Office

Methodology
Site selection
Sediment core sampling sites in Koojesse Inlet
were selected based on previously collected
multibeam bathymetry (Mate et al., 2015;
Todd et al., 2016) as well as proximity to potential anthropogenic sources of pollution
(Figure 1). Sites included locations near the
outflow of streams and sewage lagoons, and
other modern industrial sites along the shoreline near the City of Iqaluit, including various
solid waste facilities, the airport and barge
dock. In 2017, samples from 20 sites were collected on the east and west side of Long Island
in the outer part of Koojesse Inlet. In 2018,
two sediment core were opportunistically collected along the central axis of inner Frobisher
Bay (Stn.Bell_10) and outer Frobisher Bay
(Stn. 12c) and are included in this study. Two
cores (2016 Nuliajuk-0003, 2017 8050003pc; Figure 1a) collected during other scientific cruises in Frobisher Bay were selected
to be included in this study.

Sampling
Sediment core were collected using an Ocean
Instruments 25 by 25 by 50 cm GMX-25
GOMEX box corer (n = 15; Figure 2a, b) and
2.6 m long gravity corer (n = 4; Figure 2d, e)
from Research Vessel (RV) Nuliajuk in 2017
and using an Ocean Instruments 50 by 50 by
50 cm BX-650 MK-III box corer (n = 2) from
CCGS Amundsen in 2018. Upon successful
retrieval of an undisturbed box core, core from
both box corers were subsampled in the same
manner, by inserting a 10 cm diameter core
tube slowly into the sediment, capping at both
ends, and removing the push core from the box
core. Surface sediment was also collected in

Figure 1: a) Location of core sampling sites in
Frobisher Bay, southeastern Baffin Island, Nunavut.
Digital elevation model and bathymetry from
GEBCO (GEBCO Compilation Group, 2014). Grey
box indicates the location of Figure 1b map. Black
dots indicate location of core sampling sites. b) Location of core sampling sites (black dots) in
Koojesse Inlet, Frobisher Bay. Urban GIS data
owned and provided by the City of Iqaluit; topographic contours from Natural Resources Canada
(2017), where 0 m asl (above sea level) is the hightide level and contoured by the sea (coastline); and
bathymetric contours gridded from Canadian Hydrographic Service (2018), where 0 m bsl (below
sea level) is the low-tide level. The intertidal zone is
between 0 m asl and 0 m bsl. Grey dashed line box
indicates the location of Figure 3 map.
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Figure 2: Sampling of sediments in Koojesse Inlet, Nunavut: a) GOMEX box corer on Research Vessel (RV) Nuliajuk; b) black
sediment sampled by box corer and core tube; c) slicing of push core using an extruder; d) gravity coring device deployed from
the starboard side of RV Nuliajuk; e) gravity coring device on deck; f) sediment core containing black sediment observed in
shallow sediment of Koojesse Inlet; g) sampling grey-brown sediments with the core tube extruder.
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Table 1: Sedimentological data for all core, Frobisher Bay, Nunavut. See Tremblay et al. (2020) for complete data.

2017 using a torpedo, lake-bottom, geochemical sampler at
site FBT-017.
Sediment core were extruded onboard and sectioned into
1 cm lengths for the first 5 cm and 1–2 cm lengths for the
remaining length of the core (Figure 2b, c, f, g). Sediment
sections were homogenized and stored in trace-clean,
250 mL, amber, wide-mouth jars for organic geochemistry
analyses and plastic bottles for nonorganic geochemistry
analyses. Sediment samples were frozen at –20°C and
shipped frozen to CEOS at the University of Manitoba in
Winnipeg, Manitoba, for processing.
Field observations were documented during the sampling
procedure, including sediment colour, grain size (including
pebbles), sedimentary structures, olfactive characteristics
and the occurrence of fossil material (seaweed, animals,
worm tubes).
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Sample preparation and porosity
Several core and surface sediment samples were selected
for analyses (Table 1; Tremblay et al., 20203). At the CEOS
laboratory, preselected sediment samples were thawed,
rehomogenized, subsampled, weighed to establish wet
weight and frozen, followed by freeze-drying at –55°C for
~96 hours. After freeze-drying, subsamples were then
reweighed to establish dry weight and ground with a pestle
and mortar to under 300 pm. Sediment porosity was calculated as the difference between the wet and dry weights and
corrected for salt, assuming a bottom water salinity of
32.5 psu and density of 2.65 g/cm3. Dried and homogenized
subsamples were then distributed to separate labs for radio-

3

CNGO Geoscience Data Series GDS2020-003, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/summary-of-activities/2019/.
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isotope (210Pb, 226Ra, 137Cs), total mercury, trace metals and
carbon analyses. The original frozen samples remain
archived and stored at CEOS for future use.

Radioisotope analysis
To estimate sediment accumulation rates, activities of radioisotopes 210Pb, 226Ra and 137Cs were counted down
seven sediment core. Down-core activities of 210Pb in
core FBT-004, -008 and -016 were measured indirectly
by alpha-counting method at Flett Research Ltd. in Winnipeg, Manitoba. The alpha-counting method was used
for these core because of the very low detection limit
(~0.0004 becquerels [Bq]; Robbins, 1978). The alphacounting method indirectly measures 210Pb activity by way
of measuring 210Po (half-life 138 days), which is in secular
equilibrium with 210Pb within two years of 210Pb deposition.
This method was modified from Eakins and Morrison
(1978). Approximately 0.5 g of dry sample was subsequently spiked with 209Po yield tracer and digested in hot
nitric acid. The digest was dried and made up in 1.5 N
(Normal) HCl. The 210Po and 209Po alpha-emitting isotopes
were plated out on silver planchets followed by alphaparticle spectrometry to determine the activity of the polonium isotopes. The method detection limit (MDL) for a
0.5 g (dry wt.) sample was 0.05–0.1 decays per minute per
gram (dpm/g) at a 92.4% confidence level for 60 000 second counting time and is based on greater than 20 low level
samples. The uncertainty was estimated as ±11%.
Gamma emissions of 210Pb, 226Ra and 137Cs were measured
down core FBT-014, -015, Stn.Bell_10 and Stn. 12c at the
Environmental Radiochemistry Laboratory (ELR) at the
University of Manitoba. Gamma emissions of 137Cs in
core FBT-004, -008 and -016 were also analyzed at ELR.
Freeze-dried and ground samples were weighed and
sealed within 50 by 9 mm Petri dishes for ≥21 days to prevent the escape of 222Rn and allow secular equilibrium between supported 210Pb and 226Ra (Murray et al., 1987).
Weighed and sealed samples were measured for total 210Pb
and 137 Cs by counting gamma emissions at 46.5 and
661 kiloelectronvolts (keV), respectively. Activities of
226
Ra were estimated by counting its granddaughter isotope, 214Pb, at 352 keV. Activities were counted for 12–24
hours on Canberra Industries, Inc. Broad Energy Germanium detectors. Excess 210Pb (210Pbex) was calculated by
subtracting supported 210Pb from total 210Pb. Supported
210
Pb was estimated either from the 226Ra activity in the
same section or from the total 210Pb in the bottom section of
the core (assuming the core reached background levels).

Radiocarbon dating
Shell samples were selected by R. Deering (Memorial University of Newfoundland) and D. Forbes (Geological Survey of Canada – Atlantic) from gravity core collected in
2016 and 2017 on the RV Nuliajuk, and identified and
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cleaned by A. Telka (Paleotec Services, Ottawa, Ontario).
The shells were sent for 14C accelerator mass spectrometry
(AMS) analysis at André E. Lalonde Accelerator Mass
Spectrometry Laboratory at the University of Ottawa (Ottawa, Ontario). The 14C ages were corrected using a reservoir effect correction (ΔR) of 200 years, and calibrated with
the Marine13 curve (Reimer et al., 2013).

Inorganic, total organic and total carbon
Total organic carbon (TOC) was measured at the Stable Isotope for Innovative Research (SIFIR) laboratory (University of Manitoba). The TOC was derived from the difference between total carbon (TC) and carbonate carbon
(inorganic carbon, IC). Both TC and IC were measured
from ~0.4 g of dried sediment subsamples. The TC was
measured by combusting the subsample at 1400°C and analyzing using an ELTRA® Elemental Analyzer CS-580A
(Helios). The IC was measured by removing inorganic carbon (decarbonation) from a reweighed subsample with 5–
10 mL of 20% HCl and immediately analyzing the gas released from the sample using a CO2 coulometer.

Total mercury
Total mercury (THg) was measured on approximately
50 mg of predried and ground sediment from surface samples and down select core using a Teledyne Leeman Labs
Hydra II AA direct mercury analyzer at the CEOS laboratory. Following United States Environmental Protection
Agency (US EPA) Method 7473, calibration was performed on March 6, 2018, and the samples were analyzed
March 9, 14 and 15, 2018. At the beginning of analysis
days, three certified reference materials (CRM; MESS-3,
NIST 2709a, PACS-3) were run to validate the curve. During the analysis, each sample batch consisted of 10 samples
with one duplicate followed by two CRMs (MESS-3 and
NIST 2709a) and one blank. The relative percent difference
(RPD) between duplicate measurements was considered
acceptable at <20%.

Major and trace elements
Major and trace elements were analyzed in surface and
down-core sediment subsamples at the Institut national de
la recherche scientifique (INRS) laboratories in Québec
City (Quebec). Major elements (Al, Ca, Fe, Mg, Mn, P)
were analyzed by inductively coupled plasma–emission
spectrometry (ICP-ES) following US EPA Method 200.7.
Trace elements and isotopes (As, 75As, Cd, 111Cd, Cu, Mo,
98
Mo, Pb, 187Re, Zn, 238U) were analyzed by inductively
coupled plasma–mass spectrometry (ICP-MS) following
US EPA Method 200.8 and using external calibrations.
Prior to analyses, ~0.1 g of dried, preground sample was digested. The digestion method included adding 4 mL HNO3
to the sample and heating at 100°C until dry. Once the sample cooled, 1.6 mL HClO4 was added. The sample was
again heated for 1–2 hours at 100°C, cooled, followed by
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the addition of 2 mL HF. Left to digest overnight, samples
were heated to 150°C the next day. Finally, 15 mL HNO3
was added to the samples and the samples were left at room
temperature for two weeks. The precision and accuracy of
the lab analyses were assessed over the long term by replicate analyses of the standard reference sediments PACS-2
and MESS-3.

where Ci (dpm/g) is activity at depth and mi is the massdepth increment (g/cm2) corresponding to the depth interval. Mass-depth was calculated as:

Calculations

Sediment and mass accumulation rates from 14C
dates

Sediment and mass accumulation rates from
and 137Cs

210

Pb

Sediment accumulation rates (SAR, cm/yr.) were calculated by fitting the natural log of 210Pbex profiles to outputs
of a one-dimensional two-layer advection diffusion model:
SAR(δC/δz) – (δ/δz) × Kb(δC/δz) = -λC

(1)

where SAR is a constant sediment accumulation rate (cm/yr.),
C is the 210Pbex activity (dpm/cm3), z is depth (positive
downward in centimetres), Kb is the diffusion coefficient
or mixing rate (cm2/yr.) and λ is the radioisotope decay constant (0.03114/yr.; Robbins, 1978; Lavelle et al., 1985;
Kuzyk et al., 2015). The sediment profile is treated as a
two-layer system with a surface mixed layer (SML) influenced by bioturbation (Kb1, upper layer mixing rate) overlying a deeper sediment layer with minimal mixing (Kb2 =
0.1 cm2/yr.). The SML depths were assigned based on the
inflection point on the down-core profile where 210Pbex activity transitioned from a homogenized profile near the surface to an exponential decrease with depth (Lavelle et al.,
1985; Kuzyk et al., 2009; Bentley et al., 2012). Assuming a
constant rate of supply, SARs (Equation 2) were calculated
by manually adjusting values of Kb1, C0 (surface activity,
dpm/cm3) and slope (m) of the linear regression of ln 210Pbex
below the SML according to equations outlined by Lavelle
et al. (1985):
SAR = -λ / m

(2)

From SAR, the mass accumulation rates (MAR, g/cm2/yr.)
were calculated as follows:
MAR = ρs (1–Φavg) × SAR

(3)

where ρs is the dry sediment density (estimated at 2.65 g/cm3,
the density of quartz and commonly applied to marine sediment; Berner, 1971) and 1–Φavg is the average porosity of
sediment particles below the surface mixed layer (Burdige,
2006). At the time of publication, MARs had not been validated using an independent transient tracer (137Cs [dpm/g]).
210

Pbex and 137Cs inventories

Inventories (I, indicated as Σ210Pbex or Σ137Cs on the tables
and figures) of 210Pbex and 137Cs were calculated by summing the mass-depth activities down-core until activity was
no longer detected (Kuzyk et al., 2009):
I = ΣCimi
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(4)

Mass-depth = ρs × (1–Φ) × Δz

(5)

where Δz is the thickness of sediment core interval (cm) and
Φ is the sediment porosity.

Sediment accumulation rates were calculated using sample
depth and 14C age of sediment as shown in Equation 6. The
MARs were calculated using Equation 3. Porosity used was
an average of nearby sediment core at depth. Density results from a Frobisher Bay core log (Deering et al., 2018,
Figure 5) show that density could increase by 20% at depth,
from 30 cm down to 500 cm, which could lead to a maximum underestimation of a similar magnitude (~20%) in
this study’s MAR calculations.
SAR = sample depth / calibrated 14C age of sample

(6)

Results and discussion
Selected results and preliminary interpretations are presented below. For the complete analytical and sedimentological results, see Tremblay et al. (2020).

Sedimentological properties
The grain size of the samples was generally silt (fine
grained), with variable amounts of sand and clay, and the
occasional pebble (Table 1, Figure 3a). Near the intertidal
zone and in the north channel, pebbles and sand particles
were more common than elsewhere. The average downcore porosity ranged from 0.75 at the top to 0.65 at the bottom. The downward negative gradient in porosity is probably due to compaction during early diagenetic processes.
Core Stn. 12c, located in outer Frobisher Bay, had the highest porosity (0.9 to 0.75; Figure 4), presumably due to the
finest grain size or lesser consolidation. Core FBT-004 and
-016 contained the lowest porosity (Figure 4). Bioturbation, chiefly indicated by the presence of worms and worm
holes in most of the cores, seems to be generally constrained to within the top 5 to 10 cm of sediment depth, although occasionally a worm was found between depths of
10 and 30 cm.
Figure 3b and c shows maps of the thickness of black and
partially black sediments observed within the core collected from Koojesse Inlet. Overall, observed black sediment layers decreased in thickness from northwestern
Koojesse Inlet (approximately >8 to 30 cm) to west-central
and southern Koojesse Inlet (approximately 5 to 15 cm) and
eastern Koojesse Inlet (0 cm). Black sediment was only
scarcely observed in the two offshore sites. Despite many
minimum values in the dataset, the spatial pattern for the
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Figure 3: Sedimentological and geochemical results, with 10 m water depth shown as a grey line (Canadian Hydrographic
Service, 2018), Frobisher Bay, Nunavut: a) typical grain size; b) black sediments thickness, with white dots indicating a minimum thickness; c) thickness of black sediments and the partially black sediments located immediately underneath, with white
dots indicating a minimum thickness; d) Fe and Al; e) Zn and Cu; f) Cd and Pb. Lower left inset shows results for core Stn.Bell10 and lower right inset shows results for core Stn. 12c. Abbreviation: ng, nanogram.
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Figure 3 (continued): Sedimentological and geochemical results,
with 10 m water depth shown as a grey line (Canadian Hydrographic Service, 2018), Frobisher Bay, Nunavut: g) total organic
carbon (TOC) and As; h) TOC and P; i) TOC and Hg. Lower left inset shows results for core Stn.Bell-10 and lower right inset shows
results for core Stn. 12c. Abbreviation: ng, nanogram.

black plus partially black sediments layers seems crudely
similar to that for the black sediments, with the highest
value found in the northwestern section of Koojesse Inlet
(75 cm).
Figure 5 shows typical colour logs for increasing distance
from the Iqaluit sewage lagoon (cores FBT-004 and -008
being the closest to the lagoon), illustrating the typical relationship between the black and the partially black layers.
Partially black sediments comprise sediments that are black
mixed with grey or brown sediments. The black layer, if
present, sits on top of partially black layers. At the surface,
the sediments are generally light brown for a few centimetres, although this apparent thickness may sometimes be
exaggerated because of smearing during the sampling process. This brown layer is considered part of the black sediments layer or part of the partially black sediments layer de-
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pending on the layer that it overlies. The black and partially
black sediments are correlated with a rancid smell, reminiscent of ammonia and/or hydrogen sulphide gases, which
generally increases with the overall thickness and blackness intensity within the sediment core. Core FBT-023
(near core FBT-008) shows the maximum thickness of partially black sediments (~46 cm). Normal arctic coastal marine sediments are usually dominantly grey, sometimes
with speckles or mottling of brown or black locally.
A possible explanation for the black sediments is a high
concentration of reduced iron associated with pyrite and
other Fe-S species. Coastal sediments experiencing high labile carbon fluxes are known to be principal sites of pyrite
sulphur burial, which captures the sulphide formed during
microbial oxidation of labile organic matter by sulphate reduction (Berner, 1970, 1984). The presence of nutrient- and
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carbon-rich reducing water originating
from the Iqaluit sewage lagoon
(Samuelson, 1998) interacting with the
organic and inorganic material in the sediment, might be linked to the pungent,
black marine sediments found in increasing abundance toward the effluent of the
Iqaluit sewage lagoon. There are no previous reports (e.g., in Department of National Defence, 1995) of low-oxygen bottom waters in Koojesse Inlet and this
study’s measurements showed a minimum of 87% dissolved oxygen saturation
of bottom waters under the ice cover. The
thin brown layer at the surface of the core
is consistent with the presence of a thin
surface oxic layer as expected for sediments bathed in well-oxygenated seawater. Thus, the preliminary interpretation
of the black colour of the sediment just
below the surface is a high concentration
of iron-associated reduced-sulphur species, which implies intense microbial oxidation of labile organic matter by sulphate
reduction. The nutrients released from the
sewage lagoon may stimulate marine primary production (local eutrophication)
and very high labile carbon fluxes to the
seafloor in this shallow location. To
confirm the geochemical character of the
black sediments, selected samples will be
subjected to additional analyses including
sulphur speciation.

Figure 4: Down-core porosity profiles of selected core collected in 2017 and 2018,
Frobisher Bay, Nunavut.

Figure 5: Sediment colour core logs from field observations for selected core collected
in 2017, Koojesse Inlet, Nunavut.

Radiochemistry
Activities of radioisotopes 210Pb, 226Ra and 137Cs were measured down seven sediment core from Koojesse Inlet and
inner (Stn.Bell_10) and outer (Stn. 12c) Frobisher Bay
(Figure 6a, b). Overall, core collected from shallow water
(<50 m) in Koojesse Inlet (core FBT-004, -008, -014, -015,
-016) displayed radioisotope profiles that were relatively
homogeneous downcore, with deep surface mixed layers
(SML) ranging from 7–10 cm (Table 2). Activities of total
210
Pb within the Koojesse Inlet core were lower than the
inner and outer Frobisher Bay core, ranging from 0.9 to
2.4 dpm/g at the surface and decreasing slightly down core
(Figure 6a). Total 210Pb profiles in core Stn.Bell_10 and
Stn. 12c collected at 90 and 389 m water depth in inner and
outer Frobisher Bay had greater activities at the surface (4.2
and 17.2 dpm/g), decreasing exponentially downward, and
merging or nearly merging with background levels of supported 210Pb (Figure 6a). Activities of 226Ra were used to
determine supported 210Pb in core FBT-008, -014, -015,
Stn.Bell_10 and Stn. 12c. Activities of 226Ra were detectable at only 9 cm (1.3 dpm/g) in core FBT-014 and at 6 cm
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(1.6 dpm/g) and 9 cm (1.3 dpm/g) in core FBT-015, whereas 226Ra was not detectable in any sections measured from
core FBT-008. Supported 210Pb was estimated in core FBT004 (0.6 dpm/g), -008 (0.9 dpm/g) and -016 (1.2 dpm/g)
from total 210Pb activity measured at the bottom of the core
(assuming the core reached background levels).
Activities of 137Cs down-core in sediment collected from
Koojesse Inlet were mostly low or undetectable (Figure 6a). The greatest activity of 137Cs was measured in the
bottom three sections of core FBT-008 with a spike of
0.77 dpm/g at 25–27 cm. Since the 137Cs activity was already present at 0.5 dpm/g in the last section (27–29 cm) of
core FBT-008, it is possible that the onset of 137Cs activity
started deeper in the sediment, not captured in the length of
the push core. Analyses of an 84 cm long gravity core (FBT023) collected beside core FBT-008 is underway to investigate if the onset of 137Cs activity begins deeper.
In core FBT-004 and -016, 137Cs profiles showed two
spikes of activity, one at 15 and 17 cm and a second spike
closer to the surface at 3 and 5 cm, respectively. The 137Cs
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Pbex, and inventories, Frobisher Bay, Nunavut.

210

Table 3: Accumulation rates calculated from calibrated radiocarbon dates, Frobisher Bay, Nunavut. Abbreviations: cal., calibrated; ΔR, reservoir effect correction; Err, estimated error on the preceding value; MAR, mass accumulation rate; SAR, sediment accumulation rate.

Table 2: Summary of parameters, accumulation rates calculated from

Figure 6: Down-core profiles, Frobisher Bay, Nunavut: a) total 210Pb (black circles) and 137Cs (open circles) activities and the supported
210
Pb (dashed black line) used to determine 210Pbex; b) two-layer advection diffusion model (black line) fitted to linear regression of ln210Pbex
activities.

activity was below the detection limit (DL) in all other sections of core FBT-004 and -016. The double 137Cs spike in
core FBT-004 and -016 may reflect vertical redistribution
of 137Cs from biomixing and/or vertical migration of 137Cs
within the core pore water (Tsabaris et al., 2015). Alternatively, alluvial sediments or ice-rafted debris sourced from
the shoreline (surface soil), and transported and deposited
in Koojesse Inlet, may carry additional 137Cs signals. The
137
Cs was below DL in core FBT-015, however, only every
other section was analyzed in core FBT-015 and more radioisotope analyses are needed to determine if the 137Cs
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spike was missed. In core FBT-014, a small spike of 137Cs
activity (0.2 dpm/g) was observed within the 7–9 cm
section.
Outside of Koojesse Inlet, 137Cs activity was only present at
low levels (0.2 dpm/g) in the surface sample of core
Stn.Bell_10, which may indicate that some surface material
was washed away during recovery of the box core. The
137
Cs activity profile of core Stn. 12c displayed a predictable shape, which included no activity at the bottom of the
core, an onset of activity at 5–6 cm, followed by a peak of
0.4 dpm/g at 3–4 cm and a sharp decrease to below DL at 2–

Canada-Nunavut Geoscience Office

3 cm (Figure 6a). The clearly defined
137
Cs peak in core Stn. 12c reflects the
lower sediment accumulation rate and
low mixing rate in the surface sediment
relative to the core collected in Koojesse
Inlet.

Sediment and mass accumulation
rates calculated from 210Pbex and
14
C
The SARs and MARs determined by
fitting down-core activities of 210Pbex to a
two-layer advection diffusion model
(Equation 1) are presented with a caveat
in Table 2 because these values had not
been validated with 137Cs at the time of
this publication. However, in most core
from Koojesse Inlet, this validation may
not be possible due to low or undetectable
137
Cs activities. Nevertheless, 210 Pb ex
derived SARs and MARs from Koojesse
Inlet were high and ranged from 0.29 to
0.75 cm/yr. and 0.15 to 0.72 g/cm2/yr.,
respectively. The greatest MAR was
oberved in core FBT-004 (0.72 g/cm2/yr.)
with a similarly high MAR in core FBT008 (0.66 g/cm2/yr.). Suspended material
observed from satellite imagery (not
shown here) suggest that the high SARs at
core sites FBT-004 and -008 could reflect
material sourced from a combination of
overland flow from the sewage lagoon
dyke and coastal erosion. Outside of
Koojesse Inlet, SARs and MARs decreased eastward from inner Frobisher
Bay (core Stn.Bell_10: 0.19 cm/yr. and
0.16 g/cm2/yr.) to outer Frobisher Bay
(Stn. 12c: 0.15 cm/yr. and 0.09 g/cm2/yr.).
Overall, MARs were associated with distance from closest stream (r2 = 0.76, with
exponential correlation; Figure 7a)
whereas depth played a lesser role (r2 =
0.69; Figure 7b). Profiles 210Pb and 137Cs
down core FBT-014 were mixed and SAR
and MAR could not be determined.

Figure 7: a) Mass accumulation rate (MAR) versus water depth. b) MAR versus distance
to nearest stream. c) Inventories (∑) of 210Pbex versus 137Cs in relation to expected inventories from processes of scavenging, focusing and terrestrial/river inputs (see inset).
Core FBT-014, Stn.Bell_10 and Stn. 12c contained greater 210Pbex than 137Cs inventories
suggesting that these sites were influenced by scavenging of dissolved 210Pbex from the
water column. The inventory ratios of 210Pbex/137Cs in core FBT-004, -008 and -016 fall
within the expected ratio for focusing of source sediments with possible additional input
of 137Cs from terrestrial sources in core FBT-008. Core from Frobisher Bay, Nunavut.

Radiocarbon dates and MARs calculated
from 14C are presented in Table 3, which
provide MARs over a longer time scale
relative to MARs from 210Pbex. The relationship between
MARs calculated by 14C and 210Pbex against the time of the
geochronological data suggest that posterior events could
have an influence on MAR calculations (Figure 8). Offshore, the average MAR determined by 14C was 0.13 g/cm2/
yr., which is of similar magnitude relative to the offshore
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MAR calculation of 0.08 g/cm2/yr. using one 14C measurement. Before 4 ka, MARs calculated with 14C are under
0.004 g/cm2/yr. The cause of the observed increase in MAR
between 4 ka and <0.3 ka is unknown, however, core
Stn. 12c is certainly located too far offshore to receive any
significant direct sediment input from Iqaluit. Possible
causes might include recent climate-related factors, al-
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atmospheric fallout reported for the Canadian Arctic Archipelago (cf., Wright et al., 1999; Kuzyk et al., 2015).

Figure 8: Mass accumulation rates (MAR) calculated from 14C age
and time framework (14C age, or estimated maximum core age for
210
Pbex values), Frobisher Bay, Nunavut. The 210Pbex MAR average
for Iqaluit area includes samples 17FBT-004, -008, -015 and -016.

though the time frame for observed MAR change is fuzzy
because of the nature of the data (could be 50 years or more
than 300 years).
In Koojesse Inlet, the relatively high SAR is probably due
to a combination of proximity to the shoreline, climate
changes and anthropogenic input. In core FBT-008, located
nearest to Iqaluit streams, 137Cs inventories (see next section) seem to indicate eroded surface soil as a distinctive
component, indicating anthropogenic influence (e.g., disturbance of vegetation) might be significant. More data
would be needed to detail the relationships between the different time periods and sedimentary settings.

Inventories of 210Pbex and 137Cs
Inventories (Σ) of 210Pbex and 137Cs may be used to investigate the contribution of terrestrial inputs to marine environments (e.g., causing increases in Σ137Cs) and processes taking place within marine environments, such as focusing
(causing increases in both Σ210Pbex and Σ137Cs) and boundary scavenging (causing increases in Σ210Pbex; cf., Kuzyk et
al., 2013; Kamula et al., 2017). Processes inferred from
comparisons of 210Pbex versus 137Cs inventories are better
understood when compared to background levels from direct atmospheric fallout to the study area. However, background levels are difficult to constrain, particularly in remote northern regions where data is sparse. For this study,
the 210Pbex and 137Cs inventories from atmospheric fallout
over Frobisher Bay have been estimated to be 7.1 dpm/cm2
and 1.4 dpm/cm2, respectively. Background inventories of
137
Cs were estimated by decay correcting inventories from
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Inventories of 210Pbex and 137Cs in the sediments are presented in Table 2 and plotted against one another in Figure 7c. Overall, 210Pbex inventories from sediment core collected across Koojesse Inlet were greater than the estimated
background level, ranging between 14.2 ±1.0 dpm/cm2
(core FBT-016) to 33.2 ±1.6 dpm/cm2 (core FBT-008).
Core FBT-008 contained the greatest 137 Cs inventory
(2.7 ±0.4 dpm/cm2) of all core, significantly above the fallout inventory. Outside of Koojesse Inlet, 210Pbex inventories were greater than the estimated background level at
40.9 ±1.0 dpm/cm2 (core Stn.Bell_10) and 39.1 ±1.0 dpm/cm2
(core Stn. 12c), whereas 137Cs inventories remained lower
t h a n t h e e s t i ma t e d b a c k g r o u n d l e v e l a t 0 . 1 a n d
0.4 ±0.1 dpm/cm2, respectively. The greater 210Pbex inventories in the offshore core may suggest that boundary scavenging of dissolved 210Pb from the water column is an important process in inner and outer Frobisher Bay. The high
210
Pbex inventory (33.2 ±0.4 dpm/cm2) in core FBT-008
(more than four times the estimated background level) is
anomalous for such a shallow nearshore site (6 m depth)
and may be explained by i) high fluxes of organic particles
that rapidly scavenge 210Pbex deposited into coastal waters
or ii) the capture of particles rich in 210Pbex delivered to the
coastal environment from the sewage lagoon. The 137Cs inventory for core FBT-008 may be underestimated because
137
Cs was present at the bottom of the core and may extend
into deeper sediments. Assuming both 210Pbex and 137Cs inventories are high in core FBT-008 and elevated in proportion to one another, it may be inferred that surficial materials derived from various land-based sources and/or the tidal
flats of Koojesse Inlet are being focused toward the core
FBT-008 site. Several of the inventories of 210Pbex presented here may be on the low side because not all core may
have reached background levels. Further analyses are required.

Total organic carbon
Total organic carbon (TOC) concentrations in sediments
(Tremblay et al., 2020) are overall quite high for arctic sediment, averaging 0.9% in Koojesse Inlet and 1.8% in offshore core. The increase in TOC with depth in two
Koojesse Inlet core (FBT-014, -015) is unusual; most normal marine sediments show an exponential decrease in
TOC with depth in the top few sediment layers as a result of
rapid degradation. There is no apparent spatial correlation
between the thickness of black or partially black sediments
and TOC (Figure 3, Table 4). Further work will assess the
quality (N content) and stable isotopic composition of the
organic matter in the sediments to improve understanding
of the source (marine versus terrigenous).
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Table 4: Geochemical data for surface samples at each sampled site, Frobisher Bay, Nunavut. See Tremblay et al. (2020) for
complete data. Abbreviation: ng, nanogram.

Major and trace elements
The concentrations of several elements in surface samples
are mapped and shown in Figure 3 (Table 4), indicating
general concentration ranges and spatial relationships. Statistical correlations among various elements and sediment
properties are plotted on Figure 9. In this section, statistical
results (linear correlations r2 values) are presented that refer to the complete core results (see Tremblay et al., 2020).
On a first-order analysis, surface sediment samples on the
eastern side of Long Island show generally lower concentration for all measured elements. This geochemical spatial
relationship is likely a result of local enhanced dilution
from Si-rich minerals (quartz, feldspar, etc.), however, Si
was not analyzed. It is also important to note that samples
were not sorted prior to geochemical analysis (only dried
and ground with a mortar and pestle), therefore grain-size
portioning effects are likely to make a significant contribution to the distribution of elements among surface samples
(Figure 3).
Iron is correlated with many elements including Mg (r2 =
0.81), Zn (r2 = 0.74), Cd (r2 = 0.57; Figure 9a), Ca (r2 =
0.43), Cu (r2 = 0.42), Mn (r2 = 0.37) and TOC (r2 = 0.25).
The origin of this correlation probably lies within the mineral composition and adsorption. The occurrence of the
highest Fe (and associated elements) concentrations near
the sewage lagoon could be explained by either 1) a greater
concentration of Fe-rich rock-forming minerals (biotite,
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amphibolite, pyroxene, garnet, etc.) or 2) adsorption of mobile Fe (and associated elements) to fine particles (possibly
organic material) and phyllosilicates or 3) authigenic iron
sulphide formation. Surface sediment from core FBT-002,
-008 and -023 contained the highest Cd concentrations,
which were about 20% greater than the concentrations predicted by the observed Fe concentrations in these samples
and the Fe-Cd relationship (Figure 9a). Contaminant Cd input is one possibility to explain the elevated Cd in these surface sediments; however, an alternative explanation is biogenic Cd supply. Either way, the proximity of these sites to
the Iqaluit dump and sewage lagoon points to possible local
sources either adding Cd or adding nutrients and organic
matter that enhance Cd delivery to the seabed.
Most other elements show anomalously high values near
the sewage lagoon and dump, but values exceed background levels by only about 5% (e.g., Zn, Fe). Zinc is often
a characteristic anthropogenic contaminant in coastal systems and warrants closer examination. With many of the
other elements that may be contaminants, including As, Cd
and P, one must be cognizant of redox processes, which
may lead to these elements being strongly redistributed in
the sedimentary column subsequent to deposition. Lead is
only correlated to As (r2 = 0.72) and the preliminary interpretation is that this is a result of postdepositional redistribution driven by redox processes within the core. Within
core FBT-008, the strong correlation between Fe and S (r2=
0.77) is consistent with pyrite and other Fe-S species.
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Figure 9: Geochemical correlations for selected elements and properties, Frobisher Bay, Nunavut (see Tremblay et al., 2020, for all results): a) Cd versus Fe; b) As versus P; c) Hg versus total organic carbon (TOC); d) Al versus Fe. Abbreviation: ng, nanogram.

Figure 10: Geochemical logs for core FBT-008, Koojesse Inlet, Nunavut. Abbreviations: ng, nanogram; TOC, total organic carbon.

Aluminum shows a nearly indiscernible correlation with Fe
(r2 = 0.09; Figure 9d) and minor correlations with Ca (r2 =
0.36), Mg (r2 = 0.27), Mn (r2 = 0.25) and Pb (r2 = 0.25). Aluminum shows no correlation with TOC and is noticeably
lower in offshore samples. Therefore, Al is likely to be significantly associated to mineral grains of a predominantly
low-Fe composition (such as feldspar or low-Fe phyllosilicates) and of a preferentially coarser granulometry relative
to offshore sediment. Future grain-size analysis may pro-
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vide further details on Al distribution. Also, Pb shows three
anomalous surface samples (core FBT-006, -007, -023),
which have about 20% more than that expected from the
usual correlation. Lead shows no correlation with Fe or
TOC and a weak correlation with Al. It is suspected that the
Pb source could be different from that of all other metal elements. Mercury is strongly correlated to TOC (r2 = 0.69;
Figure 9c), only slightly correlated to Fe (r2 = 0.24) and has
no correlation with Al. Organic-rich particle scavenging of
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atmospherically derived Hg may give rise to the strong
TOC-Hg correlation in the sediments but this hypothesis
needs to be tested by examination of down-core patterns.
Geochemical profiles
Figure 10 presents sediment geochemical profiles for core
FBT-008, collected near the Iqaluit drainage streams. At
7 cm, a peak in concentration is present for virtually all elements (TOC, Hg, Fe, Cu, Cd), except Pb and Al. There is
even a weak Mn peak at 7 cm. At 19 cm, Pb concentrations
decreased, which could be related to a general decrease in
environmental Pb within the Iqaluit watershed. At 23 cm,
Hg concentration peaks, which does not appear to be correlated with any other element. However, the elevated Hg
concentrations between depths of 20 and 30 cm coincide
with the highest concentrations of Pb (Figure 10) and the
highest 137Cs activities in the core (Figure 6a). Thus, the
peak fluxes of Pb and Hg can either be assigned to the 1960s
(when 137Cs fallout peaked), or else to a posterior time, if Pb
and Hg are originating from a local source within the Iqaluit
watershed and 137Cs is being derived from soil sources.
Further detailed chronological reconstruction including
modelling of bioturbation effects and validation of 210Pbderived SARs against other tracers are needed in order to
assess whether long-term changes in metal uses in Iqaluit
could account for the observed down-core trends. For example, the important decrease in concentration of Pb in the
1980s in Canadian fuel could possibly account for the decreasing trend in Pb between depths of 15 and 18 cm in the
core (Figure 10). A simple projection of MAR would indicate an age of about 1983 for the bottom of core FBT-008
but incorporation of mixing effects will reduce the apparent
age of the core bottom (mixing having the net effect of mixing tracers deeper into the sediments). As stated previously,
137
Cs data could potentially suggest a contrasting geochronological framework. Longer and multiple core from
the basin around core FBT-008 could help to provide the
analytical results necessary to resolve this question.
Comparison of geochemical results with previous
study
Geochemical results for marine sediments sampled in 1994
in Koojesse Inlet (Department of National Defence, 1995)
and Baffin Bay (Campbell and Loring, 1980) can provide a
useful basis for comparison to preliminary results found in
this study. However, as stated in Department of National
Defence (1995), grain size difference might cause issues,
preventing comparison of samples between offshore and
nearshore settings, so the comparison with the Baffin Bay
samples (which are from offshore) will not be attempted in
this paper. Additionally, uncertainty concerning the exact
methodologies (sieving, dissolution, analysis) used in each
study will certainly complicate the interpretation of comparative results. Differences in detection limits of the analytical methods are certainly a problem when comparing
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data obtained decades apart; for example, the detection
limit of approximately 10 ppm for Hg, Cd and Pb in Department of National Defence (1995) are much higher than the
detection limits in the present study, approximately
0.002 ppm for Hg, 0.02 ppm for Cd and 0.5 ppm for Pb.
Copper provides an interesting element for comparison of
contamination from Iqaluit drainage. For nearshore sediments from Koojesse Inlet, Cu concentrations were typically between 5 and 15 ppm in this study, and about 2 to
12 ppm in Department of National Defence (1995). Their
sample FB020, located close to the former Apex dump site
(located on the southeast coast of Apex), shows an anomalous Cu value of 24 ppm. For Pb, the results are slightly different, with 13–20 ppm in this study and less than 5 ppm in
their study, excepting one site (FB020) with 50 ppm (Department of National Defence, 1995). The results for Zn are
similar to those for Cu: 60–70 ppm in this study, 20–40 ppm
in their study, excepting 85 ppm at site FB020. Arsenic is
notably different, with 4–25 ppm in this study, 2–3 ppm in
their study, with 3 ppm at site FB020. The cause for such
discrepancy is uncertain but may lie in the possibly different dissolution or analytical methods. Changes in redox
conditions in the sediments also may explain changes in elemental distributions and further work is needed to estimate lithogenic versus authigenic concentrations of redox
sensitive elements (cf., Kuzyk et al., 2013).

Economic considerations
This paper provides a unique collection of baseline environmental information relative to Koojesse Inlet and
Frobisher Bay, obtained prior to the construction of a major
port infrastructure project. Significant surface sediment
hypoxia and slightly anomalous concentrations (but near
natural background levels) of metal and organic carbon
characterize the environmental status of the sediments in
Koojesse Inlet. General sediment accumulation rates may
prove useful for marine infrastructure maintenance planning, however, individually they should be considered with
caution due to imprecisions. The geochemistry of surface
marine sediments can affect marine organisms, especially
shellfish, which in turn is related to the health and safety of
consumers. The data, together with data from the Department of National Defence (1995) report, form a valuable
time-series of environmental conditions in Koojesse Inlet.
In order to assess changes and draw comparisons between
this study and previous studies (e.g., the Department of National Defence [1995] report), more work is required to
properly assess the differences in methodology and
instrumentation.

Conclusions
Pungent black sediment was observed in the upper 30 cm of
core collected in the northwestern part of Koojesse Inlet
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(near the sewage lagoon). The thickness of this black sediment decreases toward the southwestern end of Long Island (average 10 cm), and is nearly absent just outside of
the inlet and to the east of Long Island. Partially black sediment thickness follows a similar spatial pattern. The presence of reducing water and organic material originating
from the Iqaluit sewage lagoon interacting with the organic
and inorganic material in the sediments, and possibly the
formation of pyrite and other Fe-S species, might be linked
to hypoxia of sediments.
Overall, mass accumulation rates (MARs) are greater in
Koojesse Inlet relative to deeper areas of inner Frobisher
Bay (core Stn.Bell_10) and outer Frobisher Bay (core
Stn. 12). However, sediment core from Koojesse Inlet are
highly mixed and MARs using 210Pbex were difficult to constrain. Sediment accumulation rates reported here should
be viewed with caution until further validation can be
completed.
Inventories of 137Cs were greater in core collected from
nearshore shallow waters in Koojesse Inlet (core FBT-004,
-008, -016). These higher 137Cs inventories suggest a
greater input of material from the watershed to this area. In
contrast, core collected from offshore deeper waters (core
FBT-014, Stn.Bell_10, Stn. 12c) contained lower 137Cs inventories, but higher 210Pbex inventories relative to the
nearshore core. This may suggest that scavenging of dissolved 210Pbex from the water column is an important process for deeper sites of Frobisher Bay.
The impact of Iqaluit drainage on the geochemistry of sediments seems small but detectable for several elements (Cd,
Cu, Pb, Hg, etc.). Overall, analytical values are not elevated
compared to natural background levels, in accordance with
the findings from the Department of National Defence in
1995. However, more samples in a similar natural setting
(e.g., in Peterhead Inlet), and the analysis of longer core
within Koojesse Inlet, could help to provide additional data
for comparison.

Acknowledgments
Special thanks to M. Kendall (Government of Nunavut
Fisheries and Sealing Division), S. Basso (CanadaNunavut Geoscience Office), R. Deering (Memorial University of Newfoundland), E. Edinger (Memorial University of Newfoundland) and K. Polcwiartek (Centre for
Earth Observation Science) for assistance with sample collection. R. Deering is much thanked for providing additional 14C data from the Frobisher Bay core. The authors
would like to thank the captain and crew of Research Vessel
(RV) Nuliajuk and Canadian Coast Guard Ship Amundsen
and J. Kennedy (Government of Nunavut Fisheries and
Sealing Division) for her continued support. This work was
funded by core activities within the Canada-Nunavut
Geoscience Office, by the Canadian Northern Economic

142

Development Agency’s Strategic Investments in Northern
Economic Development program and by Fisheries and
Oceans Canada’s Coastal Environmental Baseline Program. C. Campbell is thanked for reviewing this paper.
Natural Resources Canada, Lands and Minerals Sector
contribution 20190499

References
Allard, M., Doyon, J., Mathon-Dufour, V., Leblanc, A.-M.,
L’Hérault, E., Mate, D., Oldenborger, G.A. and Sladen, W.E.
2012: Surficial geology, Iqaluit, Nunavut; Geological Survey of Canada, Canadian Geoscience Map 64 (preliminary
version), scale 1:15 000, URL <https://doi.org/10.4095/
289503>.
Bentley, S.J., Kahlmeyer, E. and Bustin, M.R. 2012: Patterns and
mechanisms of fluvial sediment flux and accumulation in
two subarctic fjords: Nachvak and Saglek fjords, Nunatsiavut, Canada; Canadian Journal of Earth Sciences, v. 49,
no. 10, p. 1200–1215.
Berner, R.A. 1971: Principles of Chemical Sedimentology;
McGraw-Hill, New York.
Berner, R.A. 1984: Sedimentary pyrite formation: an update; Geochimica et cosmochimica Acta, v. 48, issue 4, p. 605–615.
Burdige, D.J. 2006: Geochemistry of marine sediments; Princeton
University Press, Princeton, New Jersey.
Campbell, J.A. and Loring, D.H. 1980: Baseline levels of heavy
metals in the waters and sediments of Baffin Bay; Marine
Pollution Bulletin, v. 11, issue 9, p. 257–261.
Canadian Hydrographic Service 2018: Canadian Hydrographic
Service non-navigational (NONNA-10) bathymetric data;
Fisheries and Oceans Canada, dataset, URL <https://
open.canada.ca/data/en/dataset/d3881c4c-650d-4070bf9b-1e00aabf0a1d> [October 2019].
Deering, R., Misiuk, B., Bell, T., Forbes, D.L., Edinger, E.,
Tremblay, T., Telka, A., Aitken, A. and Campbell, C. 2018:
Characterization of the seabed and postglacial sediments of
inner Frobisher Bay, Baffin Island, Nunavut; in Summary of
Activities 2018, Canada-Nunavut Geoscience Office,
p. 139–152.
Department of National Defence 1995: Baffin Region ocean disposal investigation: seabed debris and contaminant inputs
near Iqaluit, Resolution Island, Cape Dyer and Kivitoo; Department of National Defence, 127 p.
Dyke, A.S., Moore, A. and Robertson, L. 2003: Deglaciation of
North America; Geological Survey of Canada, Ottawa,
Open File 1574.
Eakins, J. and Morrison, R. 1978: A new procedure for the determination of lead-210 in lake and marine sediments; The International Journal of Applied Radiation and Isotopes, v. 29,
issues 9–10, p. 531–536.
Eno, R.V. 2001: Crystal two: the origin of Iqaluit; Arctic, v. 56,
no. 1, p. 63–75.
GEBCO Compilation Group 2014: GEBCO 2014 Grid; International Hydrographic Organization and Intergovernmental
Oceanographic Commission, gridded global bathymetry
data, URL <http://www.gebco.net> [August 2018].
Hatcher, S.V. and Forbes, D.L. 2015: Exposure to coastal hazards
in a rapidly expanding northern urban centre, Iqaluit, Nunavut; Arctic, v. 68, p. 453–471.

Canada-Nunavut Geoscience Office

Hodgson, D.A. 2005: Quaternary geology of western Meta Incognita Peninsula and Iqaluit area, Baffin Island, Nunavut; Geological Survey of Canada, Bulletin 582, 74 p., 1 CD-ROM.
Kamula, C.M., Kuzyk, Z.Z.A., Lobb, D.A. and Macdonald, R.W.
2017: Sources and accumulation of sediment and particulate
organic carbon in a subarctic fjard estuary: 210Pb, 137Cs, and
δ13C records from Lake Melville, Labrador; Canadian Journal of Earth Sciences, v. 54, no. 9, p. 993–1006.
Krumhansl, K.A., Krkosek, W.H., Greenwood, M., Ragush, C.,
Schmidt, J., Grant, J., Barrell, J., Lu, L., Lam, B., Gagnon,
G.A. and Jamieson, R.C. 2014: Assessment of Arctic community wastewater impacts on marine benthic invertebrates;
Environmental Science & Technology, v. 49, issue 2, p. 760–
766.
Kuzyk, Z.Z.A., Gobeil, C. and Macdonald, R.W. 2013: 210Pb and
137
Cs in margin sediments of the Arctic Ocean: controls on
boundary scavenging; Global Biogeochemical Cycles,
v. 27, issue 2, p. 422–439.
Kuzyk, Z.A., Macdonald, R.W. and Johannessen, S.C. 2015: Calculating rates and dates and interpreting contaminant profiles in biomixed sediments; in Environmental
Contaminants: Using Natural Archives to Track Sources
and Long-term Trends of Pollution, J.M. Blais, M. Rosen
and J.P. Smol (ed.), Springer Netherlands, p. 61–87.
Kuzyk, Z.A., Macdonald, R.W., Johannessen, S.C., Gobeil, C. and
Stern, G.A. 2009: Towards a sediment and organic carbon
budget for Hudson Bay; Marine Geology, v. 264, issues 3–4,
p. 190–208.
Lavelle, J.W., Massoth, G.J. and Crecelius, E.A. 1985: Sedimentation rates in Puget Sound from 210Pb measurements; National Oceanic and Atmospheric Administration, Technical
Memorandum ERL PMEL-61, 23 p.
Mate, D.J., Campbell, D.C., Barrie, J.V., Hughes Clarke, J.E.,
Muggah, J., Bell, T. and Forbes, D.L. 2015: Integrated seabed mapping of Frobisher Bay, southern Baffin Island,
Nunavut to support infrastructure development, exploration
and natural-hazard assessment; in Summary of Activities
2014, Canada-Nunavut Geoscience Office, p. 145–152.
McKay, J. 2019: 950,000 litres of Iqaluit’s raw sewage leaking into
Frobisher Bay per day; CBC/Radio-Canada, April 15, 2019,
URL <https://www.cbc.ca/news/canada/north/iqaluit-sewage-leak-1.5096768> [January 2020].
Murray, A.S., Marten, R., Johnston, A. and Martin, P. 1987: Analysis for naturally occurring radionuclides at environmental
concentrations by gamma spectrometry; Journal of Radioanalytical and Nuclear Chemistry, v. 115, issue 2, p. 263–
288.
Natural Resources Canada 2017: CanVec, topographic reference
digital product; Natural Resources Canada, Topographic Information Centre, Sherbrooke, Quebec.
Peramaki, L.A. 1997: Spatial distribution of lead in soil and sediment in Iqaluit, Northwest Territories and links with human
health; M.Sc. thesis, Wilfrid Laurier University, Waterloo,
Ontario.

Summary of Activities 2019

Peramaki, L.A. and Decker, J.F. 2000: Lead in soil and sediment in
Iqaluit, Nunavut, Canada, and links with human health; Environmental Monitoring and Assessment, v. 63, issue 2,
p. 329–339.
Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G.,
Ramsey, C.B., Buck, C.E., Cheng, H., Edwards, R.L.,
Friedrich, M., Grootes, P.M., Guilderson, T.P., Haflidason,
H., Hajdas, I., Hatté, C., Heaton, T.J., Hoffman, D.L., Hogg,
A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., Manning,
S.W., Niu, M., Reimer, R.W., Richards, D.A., Scott, E.M.,
Southon, J.R., Staff, R.A., Turney, C.S.M. and van der
Plicht, J. 2013: IntCal13 and Marine13 radiocarbon age calibration curves 0–50,000 years cal BP; Radiocarbon, v. 55,
issue 4, p. 1869–1887, URL <https://doi.org/10.2458/
azu_js_rc.55.16947>.
Robbins, J.A., ed. 1978: The Biogeochemistry of Lead in the Environment; Elsevier/North-Holland Biomedical Press, Amsterdam, The Netherlands.
Samuelson, G.M. 1998: Water and waste management issues in the
Canadian Arctic: Iqaluit, Baffin Island; Canadian Water Resources Journal, v. 23, no. 4, p. 327–338.
Statistics Canada 2019: Census profile, 2016 census, Iqaluit,
Nunavut and Nunavut; Statistics Canada, URL <https://
www12.statcan.gc.ca/census-recensement/2016/dp-pd/
prof/details/page.cfm?Lang=E&Geo1=POPC&Code1=
0306&Geo2=PR&Code2=62&SearchText=Iqaluit&
SearchType=Begins&SearchPR=01&B1=All&GeoLevel=
PR&GeoCode=0306&TABID=1&type=0> [January
2020].
Todd, B.J., Shaw, J., Campbell, D.C. and Mate, D.J. 2016: Preliminary interpretation of the marine geology of Frobisher Bay,
Baffin Island, Nunavut; in Summary of Activities 2016,
Canada-Nunavut Geoscience Office, p. 61–66.
Tremblay, T., Day, S., McNeil, R., Smith, K., Richardson, M. and
Shirley, J. 2015: Overview of surficial geology mapping and
geochemistry in the Sylvia Grinnell Lake area, Baffin Island, Nunavut; in Summary of Activities 2015, CanadaNunavut Geoscience Office, p. 107–120.
Tremblay, T., Kamula, C.M., Ciastek, S. and Kuzyk, Z.A. 2020:
Data table accompanying “Overview of the geochemical
properties of the marine sediments of Koojesse Inlet,
Frobisher Bay, Nunavut”; Canada-Nunavut Geoscience Office, Geoscience Data Series GDS2020-003, Microsoft®
Excel® file, URL <http://cngo.ca/summary-of-activities/
2019/>.
Tsabaris, C., Patiris, D.L., Fillis-Tsirakis, E., Kapsimalis, V.,
Pilakouta, M., Pappa, F.K. and Vlastou, R. 2015: Vertical
distribution of 137Cs activity concentration in marine sediments at Amvrakikos Gulf, western of Greece; Journal of
Environmental Radioactivity, v. 144, p. 1–8.
Wright, S., Howard, B., Strand, P., Nylén, T. and Sickel, M. 1999:
Prediction of 137Cs deposition from atmospheric nuclear
weapons tests within the Arctic; Environmental Pollution,
v. 104, issue 1, p. 131–143.

143

144

Canada-Nunavut Geoscience Office

An interactive historical drillhole database for Nunavut
D.H. Ritcey1 and T. Dobbin2
1

Consulting Geologist, Port Moody, British Columbia, dhritcey@hotmail.com

2

Northwest Territories & Nunavut Chamber of Mines, Nunavut Office, Iqaluit, Nunavut

The Nunavut Assessment Drill Database (NADD) is an ongoing project led by the Northwest Territories & Nunavut Chamber of Mines and
funded by the Geo-mapping for Energy and Minerals program of Natural Resources Canada, with ‘in kind’contributions from the Government of Nunavut, Crown-Indigenous Relations and Northern Affairs Canada, the Canada-Nunavut Geoscience Office, Peregrine Diamonds Ltd.., Agnico Eagle Mines Ltd. and Auryn Resources Inc. The project compiles and presents data from the years 1995 to 2017,
covering all portions of Nunavut.
Ritcey, D.H. and Dobbin, T. 2020: An interactive historical drillhole database for Nunavut; in Summary of Activities 2019, CanadaNunavut Geoscience Office, p. 145–150.

Abstract
Since early 2018, the Geo-mapping for Energy and Minerals program has funded three phases of the Nunavut Assessment
Drill Database Project. Data products were completed and released on the Northwest Territories & Nunavut Chamber of
Mines website in March 2018, March 2019 and December 2019.
The Nunavut Assessment Drill Database Project is a compilation of data from public-domain reports submitted for mineraltenure assessment credits and available from the online ‘NUMIN Gateway’ of NunavutGeoscience.ca, which is a joint initiative of the Canada-Nunavut Geoscience Office, Crown-Indigenous Relations and Northern Affairs Canada, the Government of Nunavut, Natural Resources Canada and Nunavut Tunngavik Incorporated. The physical library is maintained by
Crown-Indigenous Relations and Northern Affairs Canada. The database incorporates information on drillhole locations
and selected drilling parameters, and presents them in an interactive, user-friendly, browsable format. The major goal of the
project is to support mineral exploration by making data more readily available and usable. It is a value-added product employing pre-existing geoscience information.

Résumé
Depuis le début de 2018, le programme de géocartographie de l'énergie et des minéraux a financé trois phases du projet de
base de données sur les forages d'évaluation du Nunavut. Des produits liés à ces données ont été achevés et publiés sur le site
Web de la Chambre des mines des Territoires du Nord-Ouest et du Nunavut en mars 2018, en mars 2019 et en décembre
2019.
Cette base de données constituée à partir de rapports du domaine public soumis aux fins d'obtention de crédits d'évaluation
de droits miniers est accessible en ligne sur le site « NUMIN Gateway » à l'adresse NunavutGeoscience.ca., soit une initiative conjointe du Bureau géoscientifique Canada-Nunavut, de Relations Couronne-Autochtones et Affaires du Nord Canada, du gouvernement du Nunavut, de Ressources naturelles Canada et de la Nunavut Tunngavik Incorporated. La
bibliothèque physique est maintenue par Relations Couronne-Autochtones et Affaires du Nord Canada. La base de données
incorpore des informations sur les emplacements des trous de forage et certains paramètres afférant aux forages et est
constituée de façon à en permettre la présentation dans un format de navigation convivial et interactif. L'objectif principal
du projet est de soutenir l'exploration minérale en rendant les données plus facilement disponibles et utilisables. C'est un
produit à valeur ajoutée qui utilise des informations géoscientifiques préexistantes.

Introduction
The Nunavut Assessment Drill Database (NADD) is a
compilation of data from public-domain mineral-tenure as-

sessment reports. The main products of NADD are a
spreadsheet tabulation and interactive Keyhole Markup
Language (KML) file containing geographic information
and selected other parameters on drillholes reported from

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/2019/.
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mineral exploration throughout Nunavut (and some adjacent portions of the Northwest Territories). Led and operated by the Northwest Territories & Nunavut Chamber of
Mines, the project has been funded from 2018 to the end of
2019 by the Geo-Mapping for Energy and Minerals program of Natural Resources Canada. Successive data releases were made in March 2018, March 2019 and December 2019. The NADD represents a new approach to
presenting public geoscience in a readily accessible and
user-friendly format.

pages/en/numin.html) or obtained directly from the offices
and library of the Minerals Division of Crown-Indigenous
Relations and Northern Affairs Canada (CIRNAC) in Iqaluit. Text and tables in the reports were systematically reviewed for drillhole information and methodology. Some
reports, particularly more recent ones, contain digital data
in spreadsheet- or database-extract formats that was readily
copied electronically. A spreadsheet was compiled by entering data on the following parameters for each hole:

Early-stage mineral exploration typically includes the review and application of pre-existing information, the general process of ‘data mining’. The NADD seeks to stimulate
and streamline this process and increase the efficiency of
mineral-exploration efforts by providing an easy gateway
to opportunities that might otherwise be overlooked.

circulation) and Hole Size (in industry-standard codes
or diameter in numerical units, if so reported)
Assessment Report ID – the unique numerical report
identifier assigned by CIRNAC (or its predecessors) for
each report submitted
Year Drilled, Year Reported and Reporting Operator
Projection (geographic location system), Universal
Transverse Mercator (UTM) Easting and Northing,
Latitude and Longitude (either as reported or as calculated during compilation), Elevation (not systematically entered but included as a data field to make it more
fully compatible with typical X-Y-Z spatial databases)
and Location Method (the means by which drillholes
were sited on the ground, if reported, or the method used
during compilation to assign a geographic location)
NTS map (1:50 000 scale map of the Canadian National
Topographic System (NTS) that contains the drill collar) and Region of Nunavut (Kitikmeot, Kivalliq or
Qikiqtaaluk)
Azimuth, Reference Azimuth, Inclination and
Length – the basic parameters compiled from drill summary tables or from log sheets; Reference Azimuth
(True North, UTM North or Local Grid) is commonly
not stated in the reports or logs; Azimuth and Inclination
(‘Dip’) are the initial orientations at the drill collar; Hole
Length has been converted from feet to metres where
necessary
Geology Log, Geotechnical Log – have ‘Yes’ or ‘No’
entered to identify whether that information is included
in the assessment report
Samples / Analyses – populated in NADD 1.0 with a
simple ‘Yes / No’ option, but has been upgraded to include more detailed information on samples extracted
for testing and analysis, such as Microdiamonds, Geochemistry (broad suite), Geochemistry (select suite) and
others
Geophysical or Physical Property tests, such as
downhole instrumentation logs or in situ tests (e.g.,
magnetic susceptibility, scintillometer or downhole
radiometrics)
Commodity or commodities – main minerals or materials sought during the reported exploration efforts

The NADD presents selected data from the assessment reports that mineral-tenure holders must file in order to retain
their holdings beyond the initial grant period. Since 1930,
some 4000 such reports have been filed for claims and prospecting permits in Nunavut and are publicly available. With
completion of the third phase of NADD, 1084 reports have
been reviewed and drill data for 3806 holes have been extracted or generated. Many of these reports are rich in
geoscience information that may be of great use to future
exploration programs. Drilling reports have been selected
as being particularly valuable sources of information, not
only from the detailed geological descriptions in them but
especially because of the results of various tests and
analyses performed on drillcore or drill chips.
Drill results may not immediately reveal an economic mineral deposit, but they generate valid information that can
later be applied to revised geological mapping, interpretations or methods, and can be combined with knowledge of
changed economic conditions. Investment and effort in
mineral exploration are driven by the external factors of
commodity prices and market demand for different metals
and materials. Ready access to prior data will allow rapid
benefit from those external changes. Recent examples are
exploration for rare-earth minerals or for cobalt, both of
which might have been identified in anomalous levels by
previous work seeking some other commodity.
Although the focus is primarily on mineral exploration,
NADD is foreseen to have other potential applications, including public awareness, community engagement and landuse monitoring. A significant problem in applying past drill
data is the diversity of geographic co-ordinate systems used
in various reports.

• Hole ID, Drill Type (generally either core or reverse-

•

•
•

•

•

•

•

•

Data compilation processes
Assessment reports were generally viewed as PDF files, either downloaded from NUMIN (http://nunavutgeoscience.ca/
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Most drillholes are reported in UTM co-ordinates or are
displayed on drill-location maps that can be georeferenced
in a UTM system. These co-ordinates were imported in
batches as point data to the geographic information system
program QGIS (QGIS Development Team, 2019) and then
exported to the final database compilation in latitude and
longitude using the WGS 84 datum. Less frequently, drill
locations were reported directly or scaled from maps using
latitude and longitude. The overall process puts drillholes
into a uniform geographic co-ordinate system, making
standardization of geographic co-ordinates one of the main
achievements of NADD.

Limitations and uncertainties
A significant data gap is acknowledged in that some mineral-exploration drilling is never filed for assessment
credit. The reported work available for capture by NADD is
only a subset of the total amount of drilling performed.
As compilation proceeds back in time through the mid1990s, GPS data will become less commonly available and
determinations of drill locations will become more time
consuming and likely less accurate. Some assessment reports present drill locations in generalized areas only, in local grid co-ordinates or on maps of various scales that are
not always easily georeferenced. In these instances, numerical co-ordinates are measured or estimated from the best
available information. With the maps provided being various scales, some of the calculated locations are only approximate, possibly with uncertainties greater than 1000 m.
At larger scales (i.e., finer detail), the datum is commonly
not specified when locations are given in latitude and longitude, leading to possible errors of a few metres when the
positions are presumed to be in WGS 84.
If the compilation extends back beyond the early 1990s,
geochemical analyses for broad element suites will be less
common, meaning that older reports will tend to have
smaller amounts of information of the sort that can lead to
serendipitous finds. Generally, incorporating older reports
will have a decreased cost-benefit balance as the process
becomes more time consuming and the information gathered and generated is of lesser utility.

Products
The core products of NADD are a spreadsheet compilation
and an interactive KML file. The current version, NADD
3.0, is available for download from the Northwest Territories & Nunavut Chamber of Mines website (http://
www.miningnorth.com/resources) under the ‘Geoscience’
menu, and contains data gathered from 3806 drillholes.
The primary data files are a spreadsheet in Microsoft Excel® format and a slightly simplified comma-separated file.
The main interactive product for client use is a single KML
file (Google Developers, 2019), which can be opened in
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Google EarthTM, thus allowing panning, zooming and selection in order to view the compiled and calculated drill
data. Selection in the browser of any individual drillhole location shows the data in a fly-out display on screen (Figure 1).
The detailed information now available in the ‘Assays/
Analyses’ field will potentially allow NADD to evolve to a
database that is searchable and sortable by the types of analyses performed. Although NADD is not primarily or exclusively a geochemical database, the multi-element geochemical analyses in these reports will perhaps be the most
widely used data type in the compilation.
The NADD is not intended to reproduce or replace the information in assessment reports. Rather, it is a screening
tool to identify assessment reports that may contain applicable material and presents data objectively without interpretation. Users are directed to the original assessment reports to retrieve information that might be applicable to
their projects.

Drill-data overview
Basic statistics on the annual number of mineral-exploration drillholes and the total metreage drilled may be valid
measures of economic activity and interest in the mineralexploration industry, as filing the work in assessment reports represents the intent of project operators to retain tenures and continue exploration. Figure 2 tracks the annual
number of holes drilled and total metreage, as recorded in
Nunavut assessment reports and captured in NADD, and
compares that information to broader measures of mineral
exploration and development in Nunavut developed by
Natural Resources Canada (https://sead.nrcan-rncan.gc.ca/
expl-expl/prelim-eng.aspx) and reported by the Northwest
Territories & Nunavut Chamber of Mines (2019). Drill programs after approximately 2014 are not fully reported in
NADD 3.0, as the recent assessment reports had not yet
been completely filed and reviewed, and had not passed
through a period of confidentiality at the time of compilation. The comparisons show strong correlation for the two
different methods of measuring mineral-exploration activity.

Economic considerations
A healthy and expanded minerals industry is widely acknowledged as beneficial and even necessary for short- and
long-term economic development in Nunavut. The NADD
supports this general goal, as the primary motivation for its
development is to enhance the efficiency and cost effectiveness of mineral exploration, particularly early-stage work.
The continued importance of grass-roots exploration (e.g.,
Dover, 2018) is recognized and supported by products like
NADD. Prospectors’ education and training offered by the
Government of Nunavut Department of Economic Devel-
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Figure 1: Screen capture image generated using Google Earth Pro under the GoogleTM terms of use (https://www.google.com/permissions/geoguidelines/), showing the full distribution of drillholes in NADD 3.0 across Nunavut and the fly-out information label for one selected drillhole in the Belcher Islands. Earth imagery ©2018 Google; map data sources: Google, U.S. Geological Survey, Landsat / Copernicus, International Bathymetric Chart of the Arctic Ocean.

Figure 2: Annual number of drillholes reported for tenure assessment (and total metres of drilling) in Nunavut, as compiled in NADD 3.0,
and mineral-exploration expenditures estimated by the annual surveys of Natural Resources Canada (http://sead.nrcan.gc.ca/expl-expl/
prelim-eng.aspx) and reported by the Northwest Territories & Nunavut Chamber of Mines (2019).
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opment and Transportation (https://gov.nu.ca/economicdevelopment-and-transportation/programs-services/
nunavut-prospectors-program-npp) aids the participation
of northern residents, and NADD will be a complementary
tool that helps put small operators or individuals on a more
level playing field with larger, established mineral-exploration companies.

Future work
The current status of NADD is seen by its producers as a
seed project that might spur the creation of similar valueadded products capable of yielding additional economic
and social benefit from public-domain geoscience data. To
increase the accessibility and utilization of public-domain
information from assessment reports, one possibility would
be to create a georeferenced file containing the pre-existing
report metadata that already exists in the NUMIN electronic library.
Expansion of the current drill dataset is also recommended,
although the diminishing returns noted above for extracting
information from older reports should be considered before
finite resources are allocated. The database could be expanded to include drilling information within reports that
are filed for land-use permitting but not for mineral-tenure
assessment.
To effectively cover the very large landmass of Nunavut,
ground-based exploration alone is unlikely to serve economic policy goals and the needs of industry. Ideally, in future, focused products like NADD can be integrated with
other data applications such as remote sensing.

Conclusions
The developers of NADD anticipate that the database will
serve as a useful tool to aid mineral exploration. The database incorporates information on drillhole locations and selected drilling parameters, and presents them in an interactive, user-friendly, browsable format. It is a ‘data mining’
product that enhances the accessibility and utilization of
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pre-existing geoscience information, and is a pioneer in this
field within Nunavut. For the relatively low cost of its development and production, NADD can make a high-value
contribution to public geoscience.
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