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Introduction et sommaire

S.J. Pehrsson1*, N. Wodicka1, J.A. Percival1 et N. Rogers1

Pehrsson, S.J., Wodicka, N., Percival, J.A. et Rogers, N., 2024. Introduction et sommaire; in Canada’s 

northern shield: new perspectives from the Geo-mapping for Energy and Minerals program,  
(éd.) S.J. Pehrsson, N. Wodicka, N. Rogers et J.A. Percival; Commission géologique du Canada,  

Bulletin 612, p. 27–54. https://doi.org/10.4095/332494

Résumé : Le programme Géocartographie de l’énergie et des minéraux (GEM) a fait l’objet d’un  nan-

cement de 2008 à 2020 pour faire progresser les connaissances géologiques sur le Nord, dans le but de 

réduire les risques liés à l’exploration minérale et d’éclairer les décisions propres à l’utilisation des terres 

et à la gestion future du Nord. Vingt et une activités régionales ont été entreprises dans le nord du Bouclier 

canadien, qui comprend le nord des provinces des Prairies et du Québec, le Labrador ainsi qu’une grande 

partie du Nunavut et des Territoires du Nord-Ouest. Cinq autres activités étaient de nature thématique. Le 

Bulletin 612 présente les résultats de 12 de ces activités, notamment des études géoscienti ques intégrées
sur le substratum rocheux à l’échelle régionale, des levés géophysiques et des analyses de bassin, ainsi 

que des synthèses thématiques sur la thermochronologie, la géochimie et les grandes provinces ignées. 

Les résultats montrent que le programme GEM a contribué à une nouvelle ère de connaissances sur le 

nord du Bouclier canadien, en élargissant considérablement son cadre et en élaborant un modèle de plus en 

plus complexe des cratons de l’Archéen, des microcontinents de l’Archéen/Protérozoïque et de la croûte 

juvénile du Paléoprotérozoïque qui met en évidence l’existence d’une douzaine de nouveaux microconti-

nents allant d’entités péricratoniques à des éléments exotiques en rubans au sein d’une mosaïque autrefois 

considérée comme formée de grandes masses cratoniques soudées par des orogènes paléoprotérozoïques. 

Ce portrait émergent soulève d’autres questions pour les futures études sur le Nord, particulièrement en ce 

qui concerne la granularité de la subdivision des plus grands blocs, l’incidence des énigmatiques orogènes 

du Paléoprotérozoïque initial et la dynamique de l’assemblage des terranes exotiques et peu connus.

Abstract: The Geo-mapping for Energy and Minerals (GEM) program was funded between 2008 and 

2020 with the aim of advancing geological knowledge of the North to reduce risk for mineral explora-

tion and inform land-use decisions and future management of the North. Twenty-one regional activities 

were undertaken across Canada’s northern shield, spanning northern Prairie Provinces, northern Quebec, 

Labrador, along with much of Nunavut and Northwest Territories. A further  ve activities were thematic
in nature. Bulletin 612 presents results from 12 of these endeavours, including integrated regional bed-

rock geoscience studies, geophysical surveys, and basin analyses, as well as thematic thermochronology, 

geochemistry and large igneous province syntheses. The results highlight that GEM has contributed to 

new era of understanding of the northern Canadian Shield, expanding its framework substantially and 

developing an increasingly complex model of Archean cratons, Archean/Proterozoic microcontinents, and 

juvenile Paleoproterozoic crust that highlights the existence of a dozen new pericratonic to exotic ribbon 

microcontinents within a mosaic once considered as mostly large cratonic masses welded by Paleoprotero-

zoic orogens. This emerging picture brings additional questions for future northern studies — particularly 

in the granularity of subdivision of the largest blocks, the impact of enigmatic earliest Paleoproterozoic 

orogens, and dynamics of assembly of exotic and little-known terranes. 

1Commission géologique du Canada, 601, rue Booth, Ottawa (Ontario) K1A 0E8
*Auteur correspondant : S.J. Pehrsson (courriel : sally.pehrsson@nrcan-rncan.gc.ca)

Manuscrit accepté le 6 juin 2023
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INTRODUCTION

Le programme Géocartographie de l’énergie et des minéraux (GEM) de la Commission géologique
du Canada (CGC) de 2008 à 2020 a été entrepris pour faire progresser les connaissances géologiques sur
le Nord, dans le but de réduire les risques liés à l’exploration minérale, d’éclairer les décisions relatives à
l’utilisation des terres et d’atteindre un équilibre entre la conservation et la mise en valeur responsable des
ressources (Geological Survey of Canada, 2018). La recherche géoscienti que sur le substratum rocheux
à l’appui de ces objectifs a été entreprise dans le nord du Bouclier canadien, qui constitue la zone de
pergélisol discontinu dans le nord des provinces des Prairies et du Québec, au Labrador ainsi que dans
une grande partie du Nunavut et des Territoires du Nord-Ouest. Le programme a été réalisé en partenariat
avec le Bureau géoscienti que des Territoires du Nord-Ouest (la Commission géologique des Territoires
du Nord-Oest depuis 2015), la Commission géologique de la Saskatchewan, les Levés géologiques du
Manitoba, le Bureau géoscienti que Canada-Nunavut, le ministère de l’Énergie et des Ressources natu-
relles du Québec et la Commission géologique de Terre-Neuve–et–Labrador, ainsi qu’avec les résidents
du Nord, les établissements du Nord, le milieu universitaire et l’industrie. L’objectif sous-jacent des
activités menées était de combler les importantes lacunes dans les connaissances géoscienti ques sur
le nord du Bouclier canadien, lesquelles découlaient d’une combinaison de facteurs liés à l’échelle et à
l’ancienneté de la cartographie antérieure, de la complexité géologique, de l’exposition et de l’accès. Au
cours des deux phases du programme GEM (2008-2013 et 2013-2020), plus de 40 chercheurs universi-
taires et 9 boursiers postdoctoraux ont reçu du  nancement, et plus de 50 mémoires de premier cycle et
d’études supérieures ont été réalisés, en lien avec des études couvrant près d’une douzaine de subdivisions 
lithotectoniques actuelles du nord du Bouclier canadien ( g. 1).

Le Bulletin 612 de la CGC résume les progrès réalisés dans la compréhension de la géologie du sub- 
stratum rocheux dans bon nombre des parties les moins connues du nord du Bouclier canadien, grâce aux
recherches sur le terrain ou en laboratoire menées dans le cadre du programme GEM. Il rassemble les
conclusions de 14 études distinctes (ci-après appelées activités) a n de présenter un aperçu cohérent de
l’évolution tectonique du nord du Bouclier canadien et de son potentiel métallogénique. Le bulletin com-
prend 10 synthèses régionales sur le substratum rocheux, suivies de 4 synthèses thématiques à l’échelle
du bouclier. Elles sont fondées sur plus de 50 articles de revues scienti ques et documents de recherche,
des rapports et des compilations de données di usées sous forme de dossiers publics, notamment sur la
lithogéochimie, la géochronologie et la géophysique.

Dans les sections suivantes, nous examinons brièvement : 1) l’état des connaissances sur le nord du
Bouclier canadien avant les recherches du programme GEM; 2) les principales questions scienti ques
abordées par le programme GEM sur le nord du Bouclier canadien; et 3) les principaux résultats régio-
naux et thématiques présentés dans ce volume. Le tableau 1 o re une vue synthétique des projets menés
dans le cadre du programme GEM. Le tableau 2 présente les principales divisions lithotectoniques, nou-
velles ou révisées, ainsi que la compréhension scienti que du nord du Bouclier canadien acquise grâce
au programme GEM. Bien que ces documents ne constituent pas un aperçu exhaustif des résultats du
programme GEM pour le nord du Bouclier canadien, ils présentent une synthèse préliminaire des résultats
de recherche et mettent en évidence les questions en suspens pour les études futures.

LE NORD DU BOUCLIER CANADIEN ET LE PROGRAMME GEM

L’évolution, l’assemblage et l’architecture du Bouclier canadien ( g. 1), le cœur précambrien de la
masse continentale du Canada, ont été étudiés pendant plus d’un siècle a n de comprendre sa richesse
minérale et son histoire géologique diversi ée, qui s’étend sur plus de trois milliards d’années. La
cartographie régionale de même que les études de la formation de la croûte terrestre et de l’évolution
tectonothermique réalisées par nombre d’instituts de recherche et de services géologiques ont étayé cette

Figure 1. Carte lithotectonique du Bouclier canadien (modi ée d’après Corrigan et al., 2018) 
et des bassins du Précambrien adjacents au début du programme Géocartographie de l’éner-
gie et des minéraux. Abréviations : BA = bassin d’Athabasca; BE = bassin d’Elu; BQM = bloc 
de Queen Maud; BT = bassin de Thelon; MI = terrane de Meta Ignognita; OW = orogène de 
Wopmay; ZMGLO = zone magmatique du Grand lac de l’Ours; ZMT = zone magmatique de 
Taltson; ZTT = zone tectonique de Thelon.
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compréhension, tout comme la recherche géophysique axée sur la croûte et le manteau terrestres (Clowes
et al., 1999). Cependant, les études sur le terrain ont été limitées sur le plan spatial par certains aspects
pratiques en matière d’accès et d’exposition. Par conséquent, les connaissances sur les cratons et les oro-
gènes constituants étaient beaucoup plus étendues et approfondies au sud de 60° N (p. ex., Province du lac
Supérieur, orogène de Grenville et orogène trans-hudsonien;  g. 1) ou à proximité des grands corridors
de transport du Nord (p. ex., Province des Esclaves, orogène de Wopmay, zone magmatique du Grand lac
de l’Ours).

Le Bouclier canadien représente plus de 50 % de la masse continentale du Canada et forme le cœur du
paléocontinent Laurentie, un collage en grande partie paléoprotérozoïque de cratons archéens, de micro-
continents et de systèmes d’arcs plus jeunes qui se sont initialement réunis vers 1,8 Ga (Ho man, 1988).
Le Bouclier canadien joue un rôle important sur deux plans : 1) géologique, en raison des progrès fonda-
mentaux réalisés dans la compréhension des processus tectoniques du Précambrien après des décennies
de recherches  nancées sur le terrain; et 2) économique, en raison de son statut de principal contributeur
à la production minérale du Canada.

Le nord du Bouclier canadien, principal centre d’intérêt du programme GEM, est composé de cratons
archéens, de nombreux microcontinents et copeaux crustaux, et d’un volume moindre de croûte juvénile
du Paléoprotérozoïque, tous recouverts par des séquences de couverture cratonique du Paléoprotérozoïque
et du Mésoprotérozoïque ( g. 1). Les six principaux cratons – des Esclaves, de Rae, de Hearne, du lac
Supérieur et de Nain, ainsi que celui de Mackenzie, qui est enfoui – présentent des marges passives ou
des séquences de marge continentale âgées de 2,5 à 2,1 Ga, et ont été réunis et remaniés à divers degrés
au cours des orogenèses de Taltson-Thelon, de Snowbird, trans-hudsonienne, deWopmay et du Nouveau-
Québec entre 2,0 et 1,8 Ga (Eglington et al., 2013). Ce cadre de base de cratons distincts délimités par
des orogènes paléoprotérozoïques a d’abord été dé ni dans l’article United Plates of America d’Ho man
(1988) et dans un article connexe du même auteur (Ho man, 1990) et enrichi par des progrès majeurs
provenant des innovations en matière de datation isotopique et de géophysique. Des vagues successives
de programmes de recherche par les gouvernements et le milieu universitaire entre 2000 et 2010, comme
le Projet de la marge du Bouclier du CARTNAT, le Projet de la Province de Churchill occidentale du
CARTNAT, le programme EXTECH et, sans doute le plus important, le projet Lithoprobe (Percival et
al., 2012), ont contribué à élargir considérablement ce cadre. Entre autres, la reconnaissance et l’incor-
poration de microcontinents, comme le bloc de Chester eld et le craton de Sask ( g. 1, tableau 2), de
même que le classement des orogènes en catégories, ont permis d’approfondir notre compréhension de
cette mosaïque complexe d’orogènes de collision classiques (p. ex., orogène de Wopmay, orogène trans- 
hudsonien-zone de Reindeer) et d’orogènes d’accrétion (orogène de l’Alberta Est, orogène de Snowbird),
qui présentent des structures s’étendant à la croûte terrestre et au manteau supérieur largement analogues
à celles d’orogènes plus jeunes (Clowes et al., 1999). L’intégration de l’histoire de la croûte terrestre à la
caractérisation sophistiquée de l’architecture sous-continentale a permis d’a ner davantage ce modèle
(Snyder et Kjarsgaard, 2013).

Ces avancées ont été réalisées dans le contexte d’une décennie où notre compréhension de l’évolution
de la Terre au cours de l’Archéen et du Paléoprotérozoïque a rapidement été transformée (Reddy et Evans,
2009). De nombreux chercheurs ont adhéré à une forme moderne de tectonique des plaques qui s’opérait
déjà en grande partie vers 1,9 Ga (Condie et Kröner, 2008), mais une étude controversée a étendu son
applicabilité à 2,5 Ga ou à des périodes plus anciennes (Stern, 2020). Le grand épisode d’oxygénation
survenu au début du Paléoprotérozoïque marque la première augmentation importante de la concentration
d’oxygène dans l’atmosphère, qui atteignait environ la moitié de la concentration actuelle vers 2,3 Ga
(Lyons et al., 2014), après une baisse importante de la température du manteau (Korenaga, 2008). Elle
chevauche dans le temps d’autres grands événements planétaires, comme le premier épisode de terre boule
de neige (Kopp et al., 2005; Ho man, 2013) et les déviations de la composition isotopique du carbone
dans l’eau de mer (Eguchi et al., 2022). Une accalmie dans l’ajout de croûte juvénile constaté dans les
roches conservées, ce qui est quali é de « lacune magmatique » vers 2,3 Ga, témoignerait selon Condie
et ses collaborateurs (Condie et al., 2009) d’un ralentissement ou d’un arrêt de la convection mantellique
qui aurait pu déclencher une tectonique des plaques moderne après 2,2 Ga. Cette interprétation n’est tou-
tefois pas universellement acceptée (p. ex., Pehrsson et al., 2014a). La reconstitution des supercratons et
supercontinents de l’Archéen et du Paléoprotérozoïque commençaient à être e ectuée avec un degré de
con ance croissant (Bleeker, 2003; Salminen et al., 2021). D’autres progrès importants ont été réalisés
grâce à l’étude de l’histoire précoce de la Terre (Reimink et al., 2016; Shimojo et al., 2016) et à la mul-
tiplication des études de la lithosphère du nord du Bouclier canadien (Canil, 2008; Pearson et Witting,
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2014), par exemple, la constatation que des quilles cratoniques de l’Archéen étaient en partie refertilisées
par l’assemblage du Paléoprotérozoïque, mais qu’elles enregistraient néanmoins certaines des premières
indications d’un retour de l’eau de mer au manteau dans les signatures isotopiques de diamants archéens
(Pearson et al., 2014).

Comme il en a été fait mention précédemment, une compréhension générale de certaines parties du
nord du Bouclier canadien avait été établie avant la mise en œuvre du programme GEM, mais les connais-
sances essentielles à la dé nition des processus orogéniques et du potentiel métallogénique régional sont
demeurées insu santes. De grandes parties du Bouclier canadien sont demeurées non subdivisées et mal
encadrées, et même dépourvues d’une cartographie à une échelle de 1/250 000. L’architecture globale
de l’orogène trans-hudsonien et de l’orogène de Taltson-Thelon, en particulier leurs arrières-pays, était
incomplète, et le nombre, l’origine et la composition lithotectonique des microcontinents enchâssés dans
les orogènes paléoprotérozoïques étaient mal compris, particulièrement à l’ouest du craton des Esclaves
et à l’ouest de la baie d’Hudson. Des précisions concernant la topologie, les paramètres qui contrôlent le
magmatisme et l’âge des principales zones de suture sont demeurées insu santes pour résoudre certaines
controverses, comme la nature par accrétion ou par collision interne des orogènes de Snowbird et de
Taltson-Thelon, lesquels avaient par ailleurs été interprétés comme des zones de suture du Néoarchéen
au Paléoprotérozoïque initial. Même les orogènes cartographiés plus en détail, comme celui de la zone
du Grand lac de l’Ours-Wopmay, recelaient des énigmes, notamment pour ce qui concerne la genèse 
du terrane précoce de Hottah et l’étendue du craton des Esclaves sous l’orogène de Wopmay. À l’échelle
du craton, la corrélation des domaines de part et d’autre de la baie d’Hudson demeure un obstacle à 
l’évolution des modèles.

Le programme GEM

Avec l’objectif ambitieux d’achever une carte à résolution grossière du substratum rocheux du Nord
pour 2020, le programme GEM visait à combler les lacunes les plus urgentes en matière de connaissances
sur la composition, l’évolution et l’assemblage du nord du Bouclier canadien. Un examen de l’ensemble
des connaissances sur le Nord a révélé des lacunes persistantes et importantes dans les connaissances géo- 
scienti ques relatives aux structures géologiques de surface et souterraines et aux systèmes terrestres au  l
du temps, particulièrement dans le craton de Rae et la Zone noyau ( g. 1). Cette situation est attribuable à
l’insu sance de travaux antérieurs de cartographie du substratum rocheux ainsi qu’à la complexité géo-
logique, à l’exposition limitée et à l’accès restreint. Souvent, la situation est exacerbée par le manque de
données géochimiques, géochronologiques ou isotopiques modernes. Les cratons ayant fait l’objet d’études
plus récentes ou les secteurs possédant un accès routier étendu (c.-à-d., les provinces des Esclaves et du lac
Supérieur) ne faisaient pas partie des principales cibles du programme GEM, mais ils ont été inclus dans les
évaluations thématiques générales du projet trans-GEM. La formation et l’évolution du craton des Esclaves
sont résumées dans un livre soutenu par le programme GEM (Helmstaedt et al., 2021).

La première phase du programme GEM dans le nord du Bouclier canadien comprenait huit activi-
tés régionales centrées sur la partie continentale de la Province de Churchill et la zone du Grand lac de
l’Ours-Wopmay, ainsi que des études thématiques approfondies portant sur les diamants et l’uranium
(2008-2013; tableau 1;  g. 2, 3). L’objectif commun des activités régionales était d’améliorer la compré-
hension géoscienti que et les modèles géologiques des terranes de l’Archéen et du Paléoprotérozoïque
qui ont le potentiel de contenir des métaux communs et précieux, des minéraux critiques et précieux, de
la pierre à sculpter et des agrégats. Les recherches comprenaient la réalisation d’une cartographie géo-
logique-cadre, d’une cartographie thématique, de levés géophysiques aéroportés, de levés géochimiques
régionaux et d’une variété d’études géoscienti ques connexes, notamment lithogéochimiques, isoto-
piques et géochronologiques. Des recherches sur les diamants ont été menées dans le craton des Esclaves
et dans les corridors baie Repulse-presqu’île Boothia et presqu’île Melville–nord-ouest de l’île de Ba n
du craton de Rae. Les recherches sur l’uranium ont été concentrées dans le nord du bassin d’Athabasca et
du craton de Rae ainsi que dans la région du lac Cinquante dans le bloc de Chester eld ( g. 1).

L’exercice « Les frontières de la géocartographie », mené de 2010 à 2012, était une opération majeure
de reconnaissance et de travail documentaire qui avait pour but d’accéder aux données non numériques des
premiers grands projets de cartographie de reconnaissance menés dans le Nord au cours des années 1950
et 1960, à savoir les opérations Keewatin, Bathurst, Baker, Wager et Thelon (Harris et al., 2013). Par la
suite, les régions de Rae, d’Hudson-Ungava et de Ba n ont été dé nies comme les principales zones
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Projet Administration Région géologique

Publications choisies : 
rapports d’activités ou 

synthèses Levés de soutien

Phase 1 (2008–2013)

Île Great-Grand Nord Manitoba Craton de Hearne Rayner, 2010;  
Kremer et al., 2011 aéromagnétique

Presqu’île Melville Nunavut-Kitikemeot Craton de Rae Corrigan et al., 2013 aéromagnétique, MT, 
géochimique

Péninsule Cumberland Nunavut-Qikiqtani Craton de Rae Sanborn-Barrie et Young, 
2011; Whalen et al., 2012 aéromagnétique

Péninsule Hall Nunavut-Qikiqtani Craton de Rae Skipton et al., 2013; 
Rayner, 2014 aéromagnétique, MT

Bassin de Thelon  
Nord-Est Nunavut-Kivalliq Craton de Rae Je erson et al., 2011, 2015,

2022, le présent volume
aéromagnétique, 
gravimétrique

Régions pionnières de 
GEM

Nunavut/Territoires 
du Nord-Ouest Province de Churchill Pehrsson et al., 2014a aéromagnétique, 

gravimétrique

Opération GEM Nunavut/Territoires 
du Nord-Ouest Province de Churchill Pehrsson et al., 2014b aéromagnétique, 

gravimétrique

Chester eld Nunavut-Kivalliq Bloc de Chester eld Pehrsson et al., 2014b, c aéromagnétique, 
gravimétrique

Zone du Grand lac 
de l’Ours-orogène de 
Wopmay

Territoires du  
Nord-Ouest

Zone du Grand lac 
de l’Ours-orogène de 

Wopmay

Craven et al., 2013; 
Corriveau et al., 2015

aéromagnétique, 
gravimétrique, MT

Île Victoria Nunavut-Kitikemeot Archipel Arctique Rainbird et al., 2015;
Bédard et al., 2016 

Île Southampton Nunavut-Kivalliq Craton de Rae Sanborn-Barrie et al., 2009, 
2018

Phase 2 (2013–2020)

Rae Sud Territoires du  
Nord-Ouest Craton de Rae Sud Pehrsson et al., 2015a, b, c;

Percival et al., 2016
aéromagnétique, 
géochimique

Chantrey-Thelon-
Montresor Nunavut-Kitikemeot

Orogène de Thelon et 
craton de Rae  
Nord-Central

Berman et al., 2015a, b;
2016, 2018

aéromagnétique, 
MT, gravimétrique, 
géochimique

Lac Tehery-baie Wager Nunavut-Kivalliq Craton de Rae Central Wodicka et al., 2016, 2017
aéromagnétique, 
MT, gravimétrique, 
géochimiquel

Inlet Elu Nunavut-Kitikemeot Craton des Esclaves Ielpi et al., le présent 
volume

Zone Noyau Québec, Labrador Province de Churchill 
Sud-Est

McClenaghan et al., 2014; 
Corrigan et al., 2015, 2016

aéromagnétique, 
géochimique

Bassins 
mésoprotérozoïques

Territoires du  
Nord-Ouest Province de l’Ours Rainbird et Davis, le 

présent volume

Circum-Ungava Québec, Nunavut Zone de Reindeer, ceinture 
de Cape Smith Corrigan et al., 2021

Ba n Nord Nunavut-Qikiqtani Craton de Rae Nord Saumur et al., 2018; 
Skipton et al., 2017, 2019 aéromagnétique

Ba n Sud Nunavut-Qikiqtani Terrane de Meta Incognita Rayner et al., 2014 aéromagnétique

Boothia-Somerset Nunavut-Qikiqtani Craton de Rae Nord Sanborn Barrie et al., 2016, 
2018, 2019 aéromagnétique

Études thématiques ou trans-GEM

Les rerssources en 
uranium du Nord canadien

Saskatchewan, 
Nunavut

Cartons de Rae et de 
Hearne

Je erson et al., 2013;  
le présent volume

Diamants
Territoires du  
Nord-Ouest, 

Nunavut

Cratons des Esclaves et 
de Rae télésismique

Compilation des GPI Diverse Nord du Bouclier canadien Buchau et Ernst, 2013

Géochimie de la Suite de 
Snow Island

Territoires du Nord-
Ouest, Nunavut

Craton de Rae/bloc de 
Chester eld

Peterson et al., le présent 
volume

Thermochronologie de 
basse température Diverse Tout le NBC et zone de 

Reindeer
Kellett et al., le présent 
volume

Abréviations : GPI= grande province ignée; MT=magnétellurique; NBC=nord du Bouclier canadien

Tableau 1. Projets du programme GEM (2008-2020) exécutés dans le nord du Bouclier canadien et éléments lithotectoniques 
sur lesquels les recherches étaient concentrées.
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d’intérêt pour la deuxième phase du programme GEM (2013-2020), ce qui a élargi la portée du pro-
gramme à d’autres parties du nord du Bouclier canadien. Dix nouveaux projets ont été axés sur les parties
les plus méconnues du Bouclier canadien, notamment le nord, le centre et le sud du craton de Rae, la
Province de Churchill Sud-Est au Québec et au Labrador, l’orogène trans-hudsonien dans le sud de l’île
de Ba n, l’orogène de Thelon dans les Territoires du Nord-Ouest, les terranes et bassins protérozoïques
circum-Ungava, et les bassins du Paléoprotérozoïque et du Mésoprotérozoïque surmontant la zone mag-
matique du Grand lac de l’Ours et le craton des Esclaves (tableau 1;  g. 2, 3). Les projets à l’échelle des
régions pionnières (c.-à-d. le craton de Rae Sud et la région du lac Tehery-baie Wager, généralement une
cartographie à l’échelle de 1/250 000) avaient pour objectif de fournir des connaissances de base sur la
répartition des principales unités lithologiques, de documenter leur histoire géologique et d’e ectuer une
évaluation préliminaire de leur potentiel économique. Des activités propres à un district ou à un orogène
(p. ex., Chantrey-Thelon, Zone noyau) ont été menées à une échelle plus détaillée pour résoudre des
questions précises, comme la genèse des architectures établies. Toutes les activités régionales portaient
sur l’architecture orogénique et cratonique, les limites des domaines en trois dimensions et le potentiel
minéral par rapport à celui de cratons mieux connus comme ceux du lac Supérieur ou de Yilgarn. Les
recherches thématiques connexes comprenaient de nouvelles compilations et synthèses des grandes pro-
vinces ignées et de la thermochronologie de basse température dans le Nord, y compris le nord du Bouclier
canadien, et de la Suite de Snow Island dans le craton de Rae et le bloc de Chester eld.

Figure 2. Répartition des projets du programme GEM dans le nord du Bouclier canadien 
illustrée par l’emplacement des stations (en rouge). La région en gris foncé représente la 
partie exposée du nord du Bouclier canadien.
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Les résultats préliminaires du programme GEM ont été di usés au moyen de multiples articles dans
la série des Recherches en cours, de rapports d’activités dans la série des Dossiers publics, de rapports
d’activités du Bureau géoscienti que Canada-Nunavut et de publications sommaires dans des revues
scienti ques (tableau 1). De nouvelles études géophysiques (levés aéromagnétiques, gravimétriques,
magnétotelluriques) ou géochimiques (sédiments et eau de lac et de ruisseau; voir McClenaghan et al.,
2022) à l’échelle régionale faisaient partie intégrante de nombreuses activités (tableau 1). Toutes ces res-
sources se trouvent dans la base de données GEOSCAN et l’Entrepôt de données géophysiques de RNCan.
Les études des formations super cielles du programme GEM qui chevauchent le nord du Bouclier cana-
dien sont incluses dans le Bulletin 611 (McMartin, 2023) et les résultats des études portant sur l’île de
Ba n sont présentés dans le Bulletin 608 (Dafoe et Bingham-Koslowski, 2022).

ARTICLES DU BULLETIN 612

Synthèses régionales sur le substratum rocheux

Zone magmatique du Grand lac de l’Ours

Corriveau et Potter (le présent volume) présentent la minéralisation contenue dans la zone magmatique
du Grand lac de l’Ours (d’env. 1,86 à 1,78 Ga) comme étude de cas a n de dé nir des empreintes géolo-
giques et géophysiques propres aux systèmes à oxydes de fer–cuivre-or (IOCG), un important système
de minéralisations associé au magmatisme d’arc calco-alcalin et shoshonitique. Pour ce faire, ils com-
mencent par o rir une compilation des gisements canadiens et mondiaux d’IOCG, de leurs géométries,
de leurs altérations et de leurs teneurs en métaux, puis ils se servent de l’approche des systèmes minérali-
sateurs comme cadre d’exploration. Ils mettent à l’essai et peau nent des méthodes de recherche dans les
zones éloignées du Bouclier canadien, démontrant comment les principaux critères de prospectivité des
gisements d’IOCG de Skirrow (2010) peuvent être appliqués sur les plans de la géodynamique, des faciès,
des unités et des voies structurales, a n de créer une représentation spatiale et temporelle de l’architec-
ture des systèmes de  uides d’altération. Ils montrent que la zone magmatique du Grand lac de l’Ours
abrite un spectre de systèmes métasomatiques, depuis les corridors d’albitite précoces et stériles jusqu’à
la minéralisation à oxydes de fer-apatite (±terres rares) entraînée par une altération de haute température
et à des variantes d’IOCG riches en cobalt et autres métaux critiques (Potter et al., 2013). Ils intègrent de
nouvelles connaissances stratigraphiques et structurales acquises à l’échelle du gisement NICO, le plus
grand gisement canadien d’IOCG, ainsi que du district historique de Port Radium et de la mine d’uranium
de Rayrock pour montrer qu’il existe un lien entre les chapeaux de fer et l’altération albitique dans le toit
des intrusions subvolcaniques, une empreinte déterminante et largement applicable à l’exploration.

La synthèse des IOCG du programme GEM démontre que la cartographie de l’altération pétrologique
et les levés géophysiques à l’échelle du district peuvent servir à l’élaboration de cibles pour les IOCG.
Plus particulièrement, l’intégration de nouvelles techniques de modélisation gravimétrique, tout comme
l’utilisation de levés aéromagnétiques pour calculer la pseudogravité, permet de tirer le maximum de
connaissances des levés régionaux (Hayward et Oneschuk, 2011; Kiss et Coyle, 2011a-f; Hayward et al.,
2013). Des recherches magnétotelluriques connexes dans la zone magmatique du Grand lac de l’Ours ont
permis de repérer des conducteurs liés à des zones de préparation du terrain et à de cryptiques limites de
lithosphère épaissie, ainsi que d’acquérir une nouvelle compréhension de l’architecture des bassins de
recouvrement (Hoggard et al., 2019). Corriveau et Potter terminent par un résumé des recherches colla-
boratives menées avec d’autres services géologiques nationaux et institutions, et de l’application de leur
méthode à la ceinture minérale centrale du Labrador.

Bassin d’Elu

Ielpi et ses collaborateurs (le présent volume) décrivent les systèmes  uviaux du bassin de Kilohigok
(de 1,9 à 1,6 Ga) et du bassin d’Elu (de 1,6 à 1,2 Ga), dans l’ouest du Nunavut. Ces bassins ont été étu-
diés pour la dernière fois dans les années 1970. L’objectif de l’étude était d’examiner la stratigraphie,
la sédimentologie et le potentiel économique de ces bassins sédimentaires du Paléoprotérozoïque- 
Mésoprotérozoïque, en mettant l’accent sur la prospectivité du bassin d’Elu à l’égard des minéralisations
d’uranium, stratoïdes ou associées à des discordances. Trois saisons de cartographie sur le terrain ont
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mené à la reconnaissance de deux formations de grès terrigènes, toutes deux présentant d’importants inter-
valles de dépôts éoliens (Rainbird et Ielpi, 2015). En intégrant l’analyse de bassin à l’échelle régionale,
ils ont démontré l’existence d’un paléoécoulement dirigé vers l’ouest qui, combiné à la géochronologie
des zircons détritiques, a montré que les matériaux sédimentaires provenaient directement de la partie
centrale de l’orogène de Thelon (voir Berman et al., le présent volume) et que, vers 1,6 Ga, est survenu
un important apport de matériaux provenant de l’orogène d’Arrowsmith (de 2,4 à 2,3 Ga), dans la partie
orientale du bloc de Queen Maud. Leurs recherches appuient les modèles classiques proposés pour la par-
tie sommitale du bassin de Kilohigok, qui témoignerait de l’existence d’une avant-fosse liée à la collision
entre le craton des Esclaves et le craton de Rae. Ces recherches montrent en outre une dénudation par
érosion d’une grande partie du relief des orogènes de Thelon et trans-hudsonien au cours d’une période de
moins de 200 millions d’années puisque, au moment de la formation du bassin d’Elu, il n’y avait pas de
barrière topographique au transport des sédiments au large de la partie ouest du craton de Rae. Ces critères
régionaux permettent aux auteurs d’établir une corrélation entre la Formation d’Ellice (bassin d’Elu) et
d’autres séquences de grès intracontinentales de même âge du nord du Bouclier canadien, soit les groupes
de Barrensland et d’Athabasca surmontant le craton de Rae, ainsi que les groupes de Mountain Lake et
de Dismal Lakes surmontant les roches du socle de la zone du Grand lac de l’Ours-orogène de Wopmay.
Ielpi et ses collaborateurs sont d’accord avec les modèles précédents selon lesquels ces grès constituent
les vestiges d’érosion d’une nappe de grès autrefois plus vaste qui recouvrait le Bouclier canadien. Ils
montrent également de façon très pertinente comment ces dépocentres ont évolué pendant l’assemblage
et l’existence du supercontinent Nuna, de 1,8 à 1,4 Ga, en reliant la morphologie inhabituelle des chenaux
 uviaux aux paléolatitudes tropicales proposées et à une circulation d’alizés plus secs à l’intérieur d’un
supercontinent précambrien non végétalisé.

Région de Chantrey-Thelon

Berman et ses collaborateurs (le présent volume) exposent les résultats pour la zone tectonique de
Thelon (TTZ) centrale ( g. 1), une entité géologique majeure du nord du Bouclier canadien qui suscite
une controverse importante depuis sa dé nition initiale. D’après des modèles contradictoires, cette zone
serait apparue sous la forme d’un arc magmatique marquant la subduction et la suture entre les cratons des
Esclaves et de Rae, de 2,0 à 1,95 Ga (Ho man, 1988), ou elle représenterait plutôt une zone magmatique
principalement intracontinentale qui se serait formée loin d’une bordure de plaque active, mais près d’une
suture de collision antérieure (d’env. 2,4 à 2,3 Ga) (Chacko et al., 2000). Selon cette dernière interprétation, 
il s’agirait d’un prolongement direct de la zone magmatique de Taltson (de 1,97 à 1,90 Ga), entre le craton
de Rae et le terrane de Bu alo Head ( g. 3). Cependant, d’autres modèles associent le magmatisme de
la zone tectonique de Thelon à d’autres sutures enfouies du sud-ouest du Bouclier canadien (Card et al.,
2014).

Les auteurs présentent un aperçu de six nouveaux sous-domaines de la zone tectonique de Thelon
découlant d’une cartographie du substratum rocheux échelonnée sur deux ans, qui a été accompagnée
d’études géochronologiques, pétrogénétiques et tectonothermiques. Les résultats montrent que la suite
magmatique de Thelon précoce (de 2,03 à 1,96 Ga) présente des signatures géochimiques compatibles
avec un cadre de marge de convergence et des compositions isotopiques de l’oxygène qui tendent vers
des valeurs du manteau semblables à celles observées dans les arcs continentaux du Cénozoïque. De nou-
velles données de datation Sm-Nd indiquent que la zone tectonique de Thelon s’est construite en partie
sur la croûte ancienne du bloc de Queen Maud qui s’était détachée à la suite d’un rifting ayant mené à la
formation d’un microcontinent péricratonique (domaine de Duggan Lake, 3,2-3,1 Ga). Un tel cadre géo-
dynamique passant de la phase de rift à celle de la dérive explique la provenance et la composition d’une
séquence volcanosédimentaire nouvellement reconnue, de faible degré métamorphique et contemporaine
de la zone tectonique de Thelon, qui présente un potentiel quant à la présence de sulfures massifs volca-
nogènes de milieu d’arrière-arc (ceinture supracrustale d’Ellice River), séquence qui a été renversée et
migmatisée au cours d’un important épisode de fort métamorphisme concomitant à un magmatisme leuco-
granitique de 1,93 à 1,90 Ga. Ces données laissent entendre qu’il n’y a pas de corrélation directe entre la
zone tectonique de Thelon et la zone magmatique de Taltson, comme le prescrit le modèle de batholithe
orogénique intracratonique, et appuient le modèle de Ho man (1988) d’une origine liée à un arc paléopro-
térozoïque, ce qui souligne l’importance de disposer de données pétrogénétiques et isotopiques détaillées
pour comprendre l’assemblage du nord du Bouclier canadien dans toute sa complexité.
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Ceinture de Montresor

Il est di cile de comprendre l’évolution tectonique au Paléoprotérozoïque de la Province de Churchill
remaniée en raison de son histoire polyorogénique, mais l’une des voies les plus fructueuses pour élucider
son architecture postérieure à 2,3 Ga consiste à étudier les ceintures sédimentaires du Paléoprotérozoïque
qui délimitent la paléosurface du Néoarchéen terminal des accumulations subséquentes. Comme bon
nombre des assemblages paléoprotérozoïques du nord du craton de Rae, la ceinture de Montresor, située
dans le centre nord de ce même craton, a été cartographiée pour la dernière fois dans le cadre d’études de
reconnaissance à la  n des années 1970 et dans les années 1980, après quoi elle a été relativement peu
explorée (Rainbird et al., 2010). Percival et ses collaborateurs (le présent volume) résument les résultats
de deux saisons de recherches sur le terrain et présentent un nouveau modèle pour l’évolution du bassin.

La ceinture de Montresor se compose de roches détritiques et de roches carbonatées conservées dans
une structure synforme ouverte à l’histoire complexe, comme le démontrent de nouvelles données géo-
logiques et géophysiques. Ce bassin de plate-forme initialement vaste se divise en un groupe inférieur
fortement imbriqué et de degré de métamorphisme élevé, composé de grès, de mudstone et de roches car-
bonatées qui se sont déposés vers 2 194 à 2 045 Ma, et en un groupe supérieur de degré de métamorphisme
plus faible, postérieur à environ 1 924Ma, constitué d’un mélange de roches détritiques et de roches carbo-
natées exposées dans une structure synforme plus simple. Les modes de la provenance des sédiments dans
le groupe supérieur correspondent à une source située dans le bloc de Queen Maud. Avec son dépôt juste
avant la reprise de l’orogenèse de Thelon vers 1,92 à 1,89 Ga, ce groupe représente un dépôt de milieu
s’étendant de l’avant-pays à l’avant-fosse, qui s’est formé au cours des phases de déclin du magmatisme
de Thelon, à la suite de la collision entre le craton des Esclaves et le craton de Rae. La comparaison de la
géométrie et de l’âge de la déformation et du métamorphisme de la séquence inférieure imbriquée avec la
géométrie plus simple du mélange de roches carbonatées de rampe et de roches détritiques de la séquence
supérieure laisse supposer une transition dans le temps à une déformation polyphasée de source éloignée
liée à l’orogenèse trans-hudsonienne de 1,89 à 1,80 Ga. Cette ceinture fait partie d’une série de séquences
de marge qui se sont déposées après l’orogenèse d’Arrowsmith échelonnée de 2,5 à 2,3 Ga (Berman et
al., 2013). Elle illustre une géométrie régionale qui est essentielle pour comprendre le style structural de
1,9 à 1,8 Ga, notamment la formation déterminante de failles de décollement de 1 848 à 1 837 Ma liée à
une minéralisation hydrothermale (Percival et Tschirhart, 2017). Percival et ses collaborateurs démontrent
que la ceinture de Montresor se compare favorablement à d’autres ceintures semblables au nord de Baker
Lake qui montrent un chevauchement important du socle granitique et du quartzite de la séquence basale.
Cette géométrie, également caractéristique des régions de Woodburn et de Thelon Nord-Est, complique
la reconnaissance de la séquence stratigraphique originale du Paléoprotérozoïque, mais met également 
en évidence l’étendue transversale du remaniement de l’orogène trans-hudsonien très loin dans son 

arrière-pays de la plaque supérieure constituée du craton de Rae.

Les travaux de recherche en cours visent à comprendre l’incidence de la géométrie structurale à
l’échelle régionale sur les styles de minéralisation et à étudier les sphérules d’impact reconnues dans le
mudstone d’un complexe de mur structural. Déterminer la nature et l’origine des sphérules sera probable-
ment important pour résoudre les questions liées à l’évolution atmosphérique et biologique de la Terre,
leur formation étant survenue juste après la transition à un environnement nouvellement oxygéné.

Région du bassin de Thelon Nord-Est

Le cadre géodynamique du bassin intracontinental de Thelon du Paléoprotérozoïque tardif est impor-
tant en raison de sa relation avec le bassin d’Athabasca du même âge (de 1,7 à 1,4 Ga), qui est l’hôte de
gisements d’uranium liés à une discordance de classe mondiale ( g. 1). Je erson et ses collaborateurs (le
présent volume) o rent un résumé complet de la géologie et de la métallogénie du bassin de Thelon Nord-
Est, centrée sur le lac Aberdeen, au Nunavut, et de son socle environnant remontant au Néoarchéen et au
Paléoprotérozoïque précoce. Cette région abrite des gîtes connus d’uranium dans le socle, mais le manque
de connaissances à leur sujet ne permettait pas d’en contextualiser la formation. De la cartographie géolo-
gique, ainsi que des études de géochronologie U-Pb, de géophysique et de géologie structurale ont permis
de parfaire et d’élargir les connaissances sur la répartition structurale et chronologique des séquences
du socle du Néoarchéen présentant une prospectivité uranifère. De plus, elles dé nissent et permettent
de mettre en corrélation les séquences de couverture du Paléoprotérozoïque qui  anquent le bassin de 
Thelon et s’étendent sous celui-ci, et élucident l’architecture du socle qui a in uencé les structures 
minéralisatrices réactivées.
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La cartographie détaillée des grès quartzeux, lithiques et arkosiques contenus dans le bassin ainsi que
des groupes directement sous-jacents de Wharton et de Baker Lake âgés d’environ 1,83 à 1,75 Ga, de
même que de l’architecture complexe du socle des orogènes de Snowbird et trans-hudsonien ont permis de
reconnaître de multiples événements diagénétiques qui ont profondément altéré les grès, ainsi que des cas-
sures majeures de la croûte qui étaient jusqu’alors inconnues et vers où convergent les voies de circulation
des  uides (Je erson et al., 2012). Les auteurs montrent que, bien que le bassin de Thelon Nord-Est et le
bassin d’Athabasca présentent des histoires diagénétiques et métallogéniques relativement indépendantes
sur les plans temporel et spatial, y compris une architecture stratigraphique et des roches hôtes du socle
distinctes, le bassin de Thelon, moins exploré, abrite néanmoins des métallotectes uranifères semblables à
ceux du bassin d’Athabasca. Une conclusion possible serait que les décalages le long des failles du bassin
de Thelon étaient beaucoup plus importants et que la sédimentation était de caractère beaucoup plus proxi-
mal dans la région du lac Aberdeen que dans le bassin d’Athabasca, démontrant ainsi comment les strates
conservées et les altérations du socle, de même que des horsts majeurs dé nis par des mesures structurales
ou par la géophysique, pointent vers une étendue du bassin de Thelon initialement beaucoup plus grande.
Les auteurs avancent que les suites magmatiques de 2,6 Ga, de 1,8 Ga et de 1,75 Ga étaient d’impor-
tantes sources d’uranium. Ils mettent l’accent sur la suite ignée de Kivalliq, une série post-tectonique
de 1,75 Ga, à laquelle seraient associées une silici cation envahissante et la formation initiale de failles
avant le dépôt de la Formation de Thelon, et donc de la minéralisation qu’elle renferme. Leur examen a
montré que les failles de 1,75 Ga et les failles plus anciennes, ainsi que d’autres failles, ont été réactivées
à plusieurs reprises pour régir l’espace nécessaire ainsi que la paléotopographie et pour concentrer l’alté-
ration à chlorite+argiles+apatite+uraninite dans les roches du socle autour des gîtes d’uranium, alors que
de telles données sont insu santes dans le cas de la Formation de Thelon. Dans l’ensemble, leurs travaux
comparent les di érents cadres géodynamiques de la formation des bassins, le bassin de Thelon étant
entièrement situé dans le craton de Rae avec ses séquences de couverture faiblement métamorphisées,
et celui d’Athabasca chevauchant la suture de Rae-Hearne où les séquences de couverture conductrices
sont fortement métamorphisées sur toute la zone. Je erson et ses collaborateurs s’écartent des modèles
antérieurs qui suggéraient que ces grès étaient des vestiges de l’érosion d’un dépôt sédimentaire autrefois
plus vaste qui recouvrait le Bouclier canadien, en ce sens que les bassins qui ont été conservés sont en
grande partie des bassins de sédimentation, ce qui réduit au minimum la quantité de sédiments qui se
seraient déposés à l’origine entre les grands bassins. Ils permettent d’élucider les di érences subtiles, mais 
importantes, dans les processus diagénétiques et minéralisateurs ainsi que les cibles entre les bassins
majeurs.

Craton de Rae Sud

Pehrsson (le présent volume) o re un bref résumé de la géologie du craton de Rae Sud, dans les
Territoires du Nord-Ouest, fondé sur une nouvelle synthèse et une nouvelle subdivision élaborées à partir
d’un transect cartographique de 400 km recoupant le craton de Hearne, du lac Kasba au lac Porter, au sud-
est de la zone de cisaillement du Grand lac des Esclaves. Elle intègre quatre nouvelles cartes à l’échelle
de 1/250 000 ainsi que des études géochronologiques U-Pb, isotopiques et tectonométamorphiques pour
montrer que le craton de Rae Sud comprend neuf domaines crustaux distincts datés de l’Archéen au
Paléoprotérozoïque précoce, délimités par des zones de cisaillement à l’échelle de la croûte nouvellement
reconnues, qui révèlent une longue histoire de déformation et de réactivation entre 2,5 Ga et environ
1,7 Ga.

Le craton de Rae Sud date principalement du Néoarchéen tardif et présente des preuves de contami-
nation crustale du Paléoarchéen et du Mésoarchéen qui sont limitées aux domaines de l’ouest, lesquels
comprennent des roches potentiellement corrélées avec le complexe de socle de Taltson. L’activité tecto-
nométamorphique et magmatique vers 2,5 Ga (orogenèse de MacQuoid) est limitée aux domaines de l’est
qui se trouvent à moins de 75 km de la zone tectonique de Snowbird. L’orogenèse d’Arrowsmith (d’env.
2,4 à 2,3 Ga) se manifeste à l’ouest de la zone de cisaillement de Black Bay, où les structures dominantes
des grands domaines granulitiques d’échelle régionale rendent compte de la surimpression d’un métamor-
phisme statique de haute pression vers 1,9 Ga. Après l’orogenèse d’Arrowsmith, des sédiments se sont
déposés vers 2,2 à 2,0 Ga en milieu littoral jusqu’en milieu marin franc dans la plupart des domaines,
sauf le long de la zone tectonique de Snowbird, où un bassin à regard est s’est formé, dans lequel se sont
déposées des roches détritiques et des roches volcaniques, en milieu marin de moyenne à grande profon-
deur. Un magmatisme étendu au Paléoprotérozoïque, se manifestant notamment par des essaims de dykes
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ma ques et des complexes strati és (d’env. 2,29 à 2,0 Ga) ainsi que par des plutons de type arc (env.
1,9 Ga), révèle une histoire géologique beaucoup plus complexe que celle établie précédemment, notam-
ment en ce qui concerne l’existence d’un remaniement tectonométamorphique au Paléoprotérozoïque
causé par les orogenèses de Snowbird et trans-hudsonienne, et dont les e ets s’observent jusqu’à 300 km
à l’ouest de la zone tectonique de Snowbird. Pehrsson propose des corrélations véri ables de domaines
et de structures qui s’étendent au nord de la Saskatchewan et au Nunavut. Elle suggère en outre que la
linéarité des domaines crustaux et leur architecture interne complexe sont le résultat des e ets combinés
de l’orogenèse de collision d’Arrowsmith à l’ouest et des cycles subséquents d’épaississement et d’e on-
drement crustal de 1,9 à 1,82 Ga engendrés par l’accrétion du microcontinent de Hearne et la fermeture de
l’océan intérieur du supercontinent Nuna.

Région de lac Tehery-baie Wager

Wodicka et ses collaborateurs (le présent volume) donnent un aperçu concis de l’histoire archéenne et
protérozoïque de la région de lac Tehery-baie Wager, au Nunavut, qui s’étend à la partie nord du bloc de
Chester eld et au bloc de Repulse Bay du craton de Rae. La cartographie ciblée du substratum rocheux
(2012 et 2015-2017), accompagnée d’études de la géochronologie U-Pb, de la géochimie sur roche totale,
de la géochimie isotopique Sm-Nd, de la pétrologie métamorphique ainsi que d’études géophysiques,
a permis de reconnaître six domaines lithotectoniques, chacun présentant un âge protolithique et des
caractéristiques lithologiques, métamorphiques, isotopiques et/ou géophysiques distincts, séparés par
des structures à grande échelle. Le domaine de Gordon, du Mésoarchéen au Néoarchéen, est séparé du
domaine de Lunan, du Néoarchéen, par une zone de transition comprenant une séquence supracrustale du
Néoarchéen (ceinture de Lorillard), des zones d’intense déformation à mouvement inverse et un linéament
magnéto-gravimétrique en profondeur. La ceinture de Lorillard de 2,7 Ga et les domaines de Gordon et de
Lunan se sont probablement réunis au large du protocraton de Rae, avant que se manifeste le très volumi-
neux magmatisme d’arc de la Suite de Snow Island, de 2,62 à 2,58 Ga (Peterson et al., le présent volume).
Le domaine de Kummel Lake et le complexe de Daly Bay du faciès des granulites dé nissent tous deux
des crêtes gravimétriques importantes dans la partie sud de la région de lac Tehery-baie Wager, mais dif-
fèrent sur le plan de l’âge et de la géométrie du sous-sol. D’après la modélisation gravimétrique à l’échelle
régionale et les données structurales, le domaine de Kummel Lake du Néoarchéen ressemble à un com-
plexe à noyau métamorphique aux unités faiblement à modérément inclinées vers l’extérieur, tandis que
le complexe de Daly Bay du Paléoprotérozoïque présente des marges fortement inclinées vers l’intérieur
et a été juxtaposé à des gneiss du faciès des amphibolites du domaine de Gordon par un chevauchement
dirigé vers le nord (Tschirhart et al., le présent volume). Entre les zones de cisaillement de Chester eld et
de Wager, deux structures proéminentes d’échelle régionale présentant une activité de longue durée qui
s’échelonne de l’Archéen au Paléoprotérozoïque, se trouve le domaine de Douglas Harbour, lequel se
caractérise par une zone de plissement et chevauchement de tectonique de socle qui a touché des roches
supracrustales paléoprotérozoïques du faciès des amphibolites inférieur et intermédiaire (équivalent du
Groupe de Ketyet inférieur de la ceinture de Pennington) et des gneiss du socle du Mésoarchéen et du
Néoarchéen. Le domaine d’Ukkusiksalik, situé le plus au nord, est délimité au nord-ouest par un grand
massif de monzogranite de la Suite de Snow Island de 2,61 Ga et au sud par la zone de cisaillement de
Wager. Ce domaine représente l’étendue la plus au sud-ouest du bloc de Repulse Bay.

Bien que les preuves des événements tectonométamorphiques du Néoarchéen soient conservées loca-
lement dans les roches archéennes de la région de lac Tehery-baie Wager, toutes les roches, à l’exception
des dykes de Mackenzie du Mésoprotérozoïque, ont été considérablement déformées et métamorphi-
sées pendant l’orogenèse de Snowbird et/ou l’orogenèse trans-hudsonienne. Des études en cours visent
à élucider le paléocadre tectonique du volcanisme et de la sédimentation de l’Archéen et les processus
orogéniques actifs à des niveaux crustaux intermédiaires à profonds dans cette partie du craton de Rae
pendant l’assemblage du supercontinent Nuna.

Géophysique régionale

Tschirhart et ses collaborateurs (le présent volume) o rent un aperçu des nouveaux ensembles de
données géophysiques pour les régions de neuf projets du programme GEM dans la Province de Churchill
occidentale, depuis les presqu’îles Melville et Boothia jusqu’au sud-ouest du craton de Rae et à la
zone tectonique de Thelon. Les données acquises par le programme GEM comprennent des données
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aéromagnétiques, des données de levés magnétotelluriques à longue période et à large bande, ainsi que
des données de levés gravimétriques au sol. L’intégration de ces données aux contraintes quantitatives
imposées par les propriétés des roches liées, à la géologie du substratum rocheux, à la géochronologie, à
la pétrochronologie et aux données isotopiques a permis de délimiter de nombreux nouveaux domaines
internes et terranes ainsi que leur architecture. On a constaté que les principales limites de la croûte
terrestre se manifestent sous forme de discontinuités texturales transversales soulignées par des zones
démagnétisées, d’anomalies de faible résistivité coïncidant avec des changements dans la structure du
manteau, de crêtes magnétiques fortement atténuées associées à une mylonitisation ductile de forte inten-
sité, ou d’une troncature abrupte avec déplacement latéral ou atténuation sur des anomalies curvilignes de
plis d’interférence internes.

Des modèles d’inversion tridimensionnelle sont présentés, lesquels laissent supposer que le craton
de Rae, qui constituait la plaque supérieure lors de l’orogenèse de Thelon (env. 2,0 Ga), a chevauché
de nouveau le craton des Esclaves pendant la poussée continue exercée par la progression des orogènes
extérieurs de Wopmay et de Racklan-Forward (d’env. 1,8 à 1,6 Ga). Un thème commun émergeant de
plusieurs régions étudiées (ceinture de Montresor, lac Tehery-baie Wager, bloc de Chester eld, Rae Sud)
est que la déformation tardive par failles de détachement en régime extensif est beaucoup plus répandue
et étendue dans le craton de Rae, lequel formait l’avant-pays fortement remanié et ramolli thermiquement
de plaque supérieure lors de la collision éloignée avec le craton du lac Supérieur.

Il a été démontré que la combinaison des levés gravimétriques au sol et de la modélisation inverse des
données de levés magnétotelluriques est particulièrement e cace pour résoudre la formation des princi-
pales crêtes gravimétriques d’échelle régionale le long de l’inlet Chester eld, jadis considérées comme
liées à la zone tectonique de Snowbird (1,9 Ga) sur les plans de leur genèse et de leur géométrie. Les crêtes
gravimétriques dans la partie sud de la région de lac Tehery-baie Wager ne correspondent pas à une seule
suite cohérente d’entités du faciès des granulites de pression modérée à élevée. Ils correspondent plutôt
à des domaines distincts déplacés le long d’un chevauchement fortement incliné vers l’est (complexe de
Daly Bay) ou d’un décollement faiblement incliné vers le nord (domaine de Kummel Lake) (voirWodicka
et al., le présent volume), ce qui illustre l’exhumation de la croûte profonde du craton de Rae par deux
processus, à savoir un chevauchement précoce contemporain de la collision et la formation tardive d’un
complexe à noyau métamorphique.

En n, les ensembles de données géophysiques tirés des activités individuelles ont été combinés aux
données régionales existantes, et ont été  ltrés par prolongement vers le haut et au moyen de divers autres
procédés a n de créer deux grandes mosaïques composites pour la Province de Churchill occidentale,
soit une carte de l’anomalie de Bouguer montrant la composante résiduelle du champ total de grande lon-
gueur d’onde et une carte du gradient gravimétrique horizontal de l’anomalie de Bouguer en transparence
sur les anomalies isostatiques résiduelles de l’anomalie de Bouguer. Ces produits permettront de mieux
comprendre l’évolution complexe de l’architecture du nord du Bouclier canadien et son incidence sur la
minéralisation.

Grand Nord du Manitoba

Böhm et Rayner (le présent volume) résument les recherches  nancées par le programme GEM,
menées par les Levés géologiques du Manitoba dans le cadre de son initiative de géocartographie du
Grand Nord. Cette initiative visait à comprendre la nature, l’évolution et le potentiel minéral du craton
de Hearne de l’Archéen, l’un des principaux composants géologiques du Bouclier canadien au Manitoba.

Quatre saisons de travaux sur le terrain, répartis sur plusieurs grandes secteurs compris entre le lac
Nejanilini, près de la limite du Nunavut, et l’île Great, à l’ouest de Churchill, ont été menés pour mettre à
l’épreuve les corrélations tectonostratigraphiques régionales dans le craton de Hearne, de la Saskatchewan
au Nunavut. Les données de levés aéromagnétiques et de rayonnement gamma dans les régions de l’île
Great et de la rivière Seal ont permis de dé nir de nouvelles entités de premier ordre, comme des bassins
supracrustaux et des discordances régionales, la fabrique tectonique et des zones de cisaillement, ainsi que
des domaines granitoïdes d’importance. Un vaste programme régional de géochronologie U-Pb a mené
à la délimitation de deux nouveaux sous-domaines au sein du craton de Hearne ainsi qu’à la reconnais-
sance de séquences volcaniques et sédimentaires de milieu d’arc et d’arrière-arc du Paléoprotérozoïque
non reconnues auparavant (Rayner, 2022). Ce cadre régional radicalement révisé illustre que le craton de
Hearne, plutôt que d’être un noyau archéen intact, s’est probablement assemblé au Paléoprotérozoïque
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par l’accrétion d’une série de microblocs et d’arcs qui occupaient des positions intermédiaires. La déri-
vation d’une vaste suite magmatique du Néoarchéen tardif (de 2 570 à 2 550 Ma) à partir d’une croûte
amincie plutôt qu’épaissie indique qu’une partie du collage pourrait s’être assemblée pendant la transi-
tion vers l’orogenèse de MacQuoid, autour de 2,55 Ga. Les implications importantes de cette nouvelle
architecture stratigraphique et structurale pour la métallogénie régionale comprennent la reconnaissance
de quatre séquences métasédimentaires de couverture distinctes, notamment une séquence de marge pas-
sive post-2,5 Ga, un ensemble deltaïque marin >2 050-1 984 Ma, et une séquence de  ysch-molasse
de bassin successeur <1 880-1 764 Ma, contemporaine de l’orogenèse trans-hudsonienne. D’après des
comparaisons avec des séquences corrélatives à l’échelle régionale en Saskatchewan et au Nunavut, le
potentiel économique de ces divers ensembles sédimentaires comprend des minéralisations d’uranium,
d’or ou de métaux rares. Une ceinture de roches vertes du Néoarchéen récemment reconnue dans la région
de l’île Great, laquelle renferme des occurrences connues d’or, souligne le potentiel minéral inexploité
de la région, tout comme la découverte de vestiges de lithosphère cratonique de 3,5 Ga dans la région de
la rivière Seal. Cette dernière découverte montre qu’il existe un potentiel diamantifère favorable dans 
certaines sections de ce micro-assemblage continental.

Zone noyau

Corrigan (le présent volume) o re une synthèse des recherches du programme GEM menées dans
la Province de Churchill Sud-Est au Québec et au Labrador, une région appelée « Zone noyau ». Cette
région était auparavant considérée comme un prolongement du craton de Rae de l’Archéen coincé entre
les orogènes paléoprotérozoïques de Torngat et du Nouveau-Québec, qui ont ultimement soudé les cratons
du lac Supérieur et de l’Atlantique Nord ( g. 1). Les données géochronologiques, la cartographie ciblée
et les études géoscienti ques de soutien menées dans le cadre du programme GEM, en collaboration
avec le ministère de l’Énergie et des Ressources naturelles du Québec et la Commission géologique de
Terre-Neuve–et–Labrador, laissent entendre que l’évolution de la Zone noyau à l’Archéen n’est pas liée
à celles des principales plaques adjacentes. Une subdivision lithotectonique interne tripartite est propo-
sée, en s’appuyant sur l’évolution distincte de la croûte terrestre au Néoarchéen et au Paléoprotérozoïque
précoce. Les nouvelles microplaques de George River (de 2,86 à 2,57 Ga), de Mistinibi-Raude (de 2,37
à 1,987 Ga) et de Falcoz River (de 2,89 à 1,9 Ga) sont délimitées par des zones de cisaillement ductile
à pendage abrupt d’échelle crustale, interprétées comme des paléosutures. Une exception à ces blocs
exotiques est le domaine de Kuujjuaq, interprété comme un fragment du craton du lac Supérieur qui en
a été séparé par un rifting puis est revenu, accompagné du bloc de George River, par charriage, avant la
mise en place du batholite de De Pas. Une nouvelle constatation importante qui renverse les modèles
précédents est que l’orogenèse des Torngat était principalement limitée à la Zone noyau et à la marge du
craton de l’Atlantique Nord, tandis que le tectonométamorphisme et la déformation s’étendant à une plus
vaste étendue régionale sont liés à l’orogenèse du Nouveau-Québec, plus récente, et qu’une tectonique
de transpression complexe domine dans la Province de Churchill Sud-Est. La corrélation de la séquence
de couverture du bloc de Falcoz River avec le Groupe de Lake Harbour de l’île de Ba n donne à penser
qu’elle a été transportée latéralement le long de la marge. La reconnaissance des microplaques et des
principales structures de transpression de la Zone noyau aidera à formuler des modèles métallogéniques
propres aux di érents domaines.

Synthèses thématiques

Suite de Snow Island du Néoarchéen

Peterson et ses collaborateurs (le présent volume) fournissent la première synthèse d’une importante
province magmatique du Néoarchéen qui constitue une entité de premier ordre du craton de Rae. La Suite
de Snow Island (de 2,62 à 2,58 Ga) s’étend de la région du lac Athabasca à la presqu’île de Melville et à
l’île Southampton. Elle comporte des roches plutoniques ma ques à felsiques, avec de plus rares roches
volcaniques et sédimentaires subaériennes, préférentiellement conservées sous la couverture paléopro-
térozoïque. En intégrant la lithogéochimie de près d’une centaine d’échantillons précisément datés de la
Suite de Snow Island avec 50 analyses isotopiques Sm-Nd, les auteurs montrent que les di érentes phases
temporelles de la suite ont des attributs géochimiques distincts. La plus grande partie de la suite est com-
posée de roches granitoïdes infracrustales à signatures très évoluées. La transformation du volcanisme
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ma que précurseur et de la sédimentation d’arrière-arc à 2,62 Ga en un magmatisme sanukitoïde domi-
nant vers 2,60 Ga semble re éter la collision d’une masse continentale contenant le bloc de Chester eld
actuel avec un arc océanique. Les variations des sous-ensembles géochimiques de la suite à la grandeur
de la région d’étude sont interprétées de façon à tenir compte des di érentes compositions des blocs
crustaux constitutifs pré-2,62 Ga. Par exemple, un brusque changement de composition au sud du lac
Dubawnt coïncide avec une limite précoce d’un socle plus tonalitique au sud, dans le protocraton de Rae
Sud. L’existence de telles limites à des angles élevés par rapport au grain structural sud-ouest–nord-est
actuellement dominant, qui remonte au Paléoprotérozoïque, re ète une con guration d’âges primaires et
de variations de composition, laquelle témoignerait de l’existence d’un arc continental à vergence ouest
ayant réuni les di érents noyaux du craton de Rae. La conservation des composants extrusifs de la suite
uniquement dans la partie centrale du craton de Rae souligne davantage les di érences majeures dans
la stratigraphie, le métamorphisme et la métallogénie du Néoarchéen et du Paléoprotérozoïque décrites
par Je erson et ses collaborateurs (le présent volume), lesquelles distinguent la partie centrale du craton
de Rae de sa partie sud et du bloc de Committee Bay. Surtout, la Suite de Snow Island fournit un grand
ensemble de données à l’échelle du craton qui éclairera plus largement les modèles d’évolution des régions
sources de sanukitoïdes et leur in uence sur la composition des liquides magmatiques subséquents.

Essaims de dykes et grandes provinces ignées du nord du Canada

Buchan et Ernst (le présent volume) o rent une synthèse des essaims de dykes géants du
Paléoprotérozoïque (généralement de la diabase) et des grandes provinces ignées du nord du Canada
en mettant l’accent sur l’âge, la répartition et le paléomagnétisme, ainsi que sur les liens possibles avec
les reconstitutions paléocontinentales et les événements magmatiques ou de rupture continentale du
même âge. Ils couvrent près de 40 suites ma ques majeures et suites felsiques mineures, et présentent
une carte synthèse à une échelle de 1/3 000 000 pour les régions du nord du Bouclier canadien qui com-
prennent les cratons des Esclaves, de Rae et du lac Supérieur ainsi que les séquences de recouvrement du
Mésoprotérozoïque. Les unités sont classées par âge et par craton, en mettant l’accent sur les suites bien
datées et les unités corrélatives possibles entre 2,50 et 1,59 Ga environ. Plusieurs éléments sont inclus a n
de mettre en évidence les futures cibles de recherche, à savoir : des exemples mal datés qui ont néanmoins
des implications signi catives pour les reconstitutions métallogéniques et cratoniques régionales; des évé-
nements non datés et en partie nouveaux dans les cratons des Esclaves et de Rae ainsi que dans le terrane
de Meta Incognita; et de nombreux ensembles volcaniques dans les bassins sédimentaires cratoniques ou
de marge passive dans la Province de Churchill.

À partir des plus récentes données sur les paléopôles primaires et les âges, les auteurs résument
l’importance potentielle des événements magmatiques majeurs par rapport au rifting, à la rupture
continentale et aux reconstitutions paléogéographiques. Ils mettent à l’épreuve plusieurs modèles
proposés pour la Laurentie et l’ensemble du Bouclier canadien, y compris des liens hypothétiques de
longue date avec la Baltica, de l’assemblage du supercontinent Nuna jusqu’à celui du supercontinent
Rodinia. Des révisions critiques de la trajectoire de la dérive apparente des pôles de l’Amérique du Nord
au Paléoprotérozoïque sont présentées et l’on aborde l’accrétion du terrane d’arc exotique de Bonnetia
(env. 1,71Ga) à la protomarge occidentale de la Laurentie. Si l’on remonte plus loin dans le temps, les
modèles des supercratons précédents, comme Superia, Sclavia et Nunavutia, sont mis à l’épreuve. Les
auteurs soutiennent que les liens les plus pertinents sur le plan temporel pour les cratons de Hearne et du
lac Supérieur se situent entre les dykes de diabase de Kaminak (env. 2,5 Ga) de la partie centrale du craton
de Hearne et les dykes de Ptarmigan, du même âge, du craton du lac Supérieur. Ils proposent que cette
con guration du Paléoprotérozoïque initial ne se soit rompue qu’après la sédimentation et le magmatisme
ma que de rift enregistrés sur les deux cratons, vers 2,11 Ga. L’ajustement au Paléoprotérozoïque précoce
entre les dykes de Dogrib (env. 2,19 Ga) du craton des Esclaves et l’essaim de Tulemalu du craton de Rae
est évalué et jugé incompatible avec les cratons des Esclaves et de Rae dans leur con guration actuelle à
environ 2,3 Ga, comme proposé auparavant (De et al., 1998). Les trajectoires détaillées de dérive appa-
rente des pôles de 2,23 à 1,88 Ga pour les cratons des Esclaves et du lac Supérieur ne se chevauchent pas,
ce qui laisse croire que les deux cratons ne dérivaient pas au sein d’un seul et même supercontinent au
cours de cet intervalle (Buchan et al., 2016), ce qui est compatible avec les modèles dominants préconisant
l’existence de deux supercratons distincts au cours de cette période (Salminen et al., 2021). Les données
sur les essaims de dykes plus jeunes (1,89 Ga) laissent entrevoir que la Siberia se trouvait au nord du cra-
ton de Rae dans le supercontinent Nuna, une con guration demeurée stable de 1,9 à 0,72 Ga et qui pousse
à établir des comparaisons favorables entre des unités importantes sur le plan métallogénique telles que
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les unités à Au et à ÉTR encaissées dans la suite ignée de Kivalliq (1,75 Ga) et celles de la suite ignée de
Timpton de Sibérie. Le lien exotique proposé, à 1,59 Ga environ, entre l’ouest de la Laurentie et la partie
sud du craton de Gawler, en Australie, est largement appuyé par les paléopôles des dykes de diabase de
Cleaver, dans l’ouest de la partie nord du Bouclier canadien.

Refroidissement régional du Bouclier canadien

Kellett et ses collaborateurs (le présent volume) o rent un résumé de la synthèse qu’ils ont publiée
sur le refroidissement postmétamorphique du nord du Bouclier canadien. Fondée sur un ensemble de
données regroupant des données d’archives de plus de 2 000 âges K-Ar et de nouveaux âges de refroidis-
sement 40Ar/39Ar recueillis dans le cadre du programme GEM, l’étude révèle un contraste frappant entre
les histoires du métamorphisme et du refroidissement des divers cratons et terranes archéens impliqués
dans les collisions au Paléoprotérozoïque lors de l’assemblage de la Laurentie. On constate que des con -
gurations de refroidissement très di érentes sont généralement liées à la position des plaques pendant la
collision et l’accrétion. Les cratons de plus grande taille occupant la plaque inférieure, comme ceux du
lac Supérieur et des Esclaves, se comportent comme des blocs stables et froids et présentent un certain
remaniement thermique aux marges. En revanche, la Province de Churchill, un collage de microcontinents
plus petits accrétés au craton de Rae avant sa collision avec le craton du lac Supérieur, a subi un remanie-
ment thermique presque complet à la  n du Paléoprotérozoïque. On présume que la Province de Churchill
occupait un cadre tectonique de plaque supérieure pendant une grande partie du Paléoprotérozoïque en
raison de ses antécédents sur les plans du magmatisme, de la structure et du remaniement thermique, alors
que ces caractéristiques ne se retrouvent pas dans les cratons limitrophes du lac Supérieur et des Esclaves.
Les contrastes dans l’histoire thermique entre plaques ou microplaques sont présentés dans six coupes
transversales à l’intérieur du nord du Bouclier canadien, qui s’étendent de l’île de Ba n au sud de la
Saskatchewan.

Une tendance générale d’ouest en est du refroidissement est dé nie par deux pro ls thermochronolo-
giques à l’échelle du Bouclier canadien : d’une part, un transect nord qui s’étend du craton des Esclaves
jusqu’à l’intérieur de la Province du lac Supérieur, en passant par la zone tectonique de Thelon, la partie
nord du craton de Rae (ceinture de Committee Bay, péninsule de Hall de l’île de Ba n et ceinture de Cape
Smith) et, d’autre part, un transect sud à travers le craton des Esclaves, la zone magmatique de Taltson, la
partie sud du craton de Rae, la zone tectonique de Snowbird, la zone de Reindeer du craton de Hearne et la
Province du lac Supérieur. Les deux pro ls révèlent une con guration en creux asymétrique dans les roches
de la Province de Churchill, les âges de refroidissement les plus récents (env. 1,7 Ga) étant centrés à l’inté-
rieur de l’orogène trans-hudsonien, et les âges de refroidissement les plus anciens étant situés à l’extrémité
ouest de la Province de Churchill. À l’ouest, plus particulièrement dans le craton de Rae Sud, les âges
de refroidissement sont structuralement contrôlés par des failles bordières de domaine, tandis qu’à l’est,
à l’intérieur de l’orogène trans-hudsonien, les âges de refroidissement sont plus uniformes. Les âges de 
refroidissement les plus récents dans le pro l nord sont de 50 millions d’années plus jeunes (env. 1,650Ga) 
que dans le sud (env. 1,700 Ga), ce qui indique un diachronisme dans l’équilibre thermique postérieur à la
collision et l’exhumation des roches de l’orogène trans-hudsonien.

À la suite de la phase terminale de la collision trans-hudsonienne entre les provinces de Churchill
et du lac Supérieur, la Province de Churchill a peut-être subi un délaminage lithosphérique, comme
en témoignent les perturbations thermiques tardives, et s’est par la suite comportée comme une masse
continentale stable. Bien qu’elle ait été impliquée dans des collisions subséquentes lorsqu’elle faisait partie
du supercontinent Nuna (p. ex., orogène de Grenville), elle occupait une position de plaque inférieure
au moment de ces collisions. Kellett et ses collaborateurs concluent que le contraste dans l’historique
du refroidissement entre la plaque supérieure (Churchill) et les plaques inférieures (lac Supérieur, des
Esclaves ou Churchill) laisse supposer que la plaque supérieure au cours d’un cycle de Wilson est forte-
ment conditionnée thermiquement par la chaleur, les  uides et le magma produits lors des événements
tectoniques de subduction et d’accrétion.
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Paléogéographie du nord-ouest de la Laurentie au Stathérien-Calymmien

À la suite de l’assemblage principal du nord du Bouclier canadien au Paléoprotérozoïque, d’importants
bassins intracontinentaux se sont formés dans un certain nombre de dépocentres, notamment dans le nord-
ouest de la Laurentie. Rainbird et Davis (le présent volume) o rent un résumé de la géochronologie U-Pb
sur zircon détritique et une mise à jour de la stratigraphie de l’un de ces bassins, à savoir le bassin de
Horny Bay du Mésoprotérozoïque, situé sur la marge ouest a eurante du nord du Bouclier canadien,
au nord-est du Grand lac de l’Ours. Ce bassin, âgé de 1,75 à 1,27 Ga environ, renferme les groupes de
Big Bear, de Mountain Lake et de Dismal Lakes. Le groupe de Big Bear comprend principalement des
roches détritiques immatures à grain grossier déposées par des rivières à forte énergie dans des bassins
con nés délimités par des failles, lesquels seraient semblables aux rifts renfermant les bassins de Thelon
et d’Athabasca. En intégrant la provenance des zircons détritiques aux compositions isotopiques de Hf,
Rainbird et Davis dé nissent les régions sources possibles des composants détritiques du bassin. Ils
proposent que les matériaux des roches sédimentaires du groupe de Big Bear proviennent de sources
occupant le sous-sol des orogènes et des terranes du Paléoprotérozoïque dans les environs du Grand lac
de l’Ours, ainsi que de sources plus à l’est, comme la zone tectonique de Thelon. En revanche, le groupe
de Mountain Lake nouvellement dé ni s’est formé à l’intérieur d’une dépression de bassin plus vaste,
probablement liée à une subsidence thermique. Les trois formations constituantes, qui comprennent des
grès  uviatiles d’un réseau de rivières anastomosées à l’échelle continentale et des roches détritiques
marines de faciès transgressifs à régressifs, se sont déposées de 1,7 à 1,63 Ga environ. L’analyse de
leur provenance rend compte du recyclage intermédiaire du Supergroupe de Coronation et d’unités
corrélatives, mais plus distales, du Supergroupe de Goulburn, dans le bassin de Kilohigok. Le groupe de
Mountain Lake a par la suite été plissé et faillé pendant l’orogenèse de Racklan-Forward liée à la colli-
sion de l’Australie avec le nord-ouest de la Laurentie, vers 1 600 Ma. Après le soulèvement et l’érosion 

associés, le groupe de Dismal Lakes (de 1,59 à 1,27 Ga) à lithologies principalement marines s’est déposé.

Une comparaison détaillée des faciès avec le Supergroupe deWernecke duYukon, les signatures isoto-
piques de Nd et de C des unités respectives de shale et de roches carbonatées, et l’historique sédimentaire
détaillée du bassin de Hornby Bay sont combinés pour élaborer un nouveau modèle paléogéographique
pour le nord-ouest de la Laurentie à cette époque. Il est proposé qu’un prisme détritique de marge passive
à regard ouest avec des composants à la fois terrestres (bassin de Hornby Bay) et marins (Supergroupe de
Wernecke) ait évolué pour former une plate-forme carbonatée stable, dont les éléments corrélatifs ont été
transférés au nord-est de l’Australie avant la rupture du supercontinent Nuna.

UN PORTRAIT ÉMERGENT

Comme il ressort de ce qui précède, la nouvelle ère du programme GEM en matière de cartographie du
Nord a considérablement élargi le cadre du Bouclier canadien et a ajouté des détails à un modèle de plus
en plus complexe de la mosaïque de cratons archéens, de microcontinents de l’Archéen/Protérozoïques
et de croûte juvénile du Paléoprotérozoïque qui constitue le nord du Bouclier canadien (tableau 2, 
 g. 3). En plus des six grands cratons archéens (des Esclaves, de Rae, de Hearne, du lac Supérieur, de Nain
[Atlantique Nord] et de Mackenzie enfoui), on sait maintenant que le Bouclier canadien comprend au
moins une douzaine de microcontinents en rubans de natures et d’origines variées. Certains blocs consti-
tuaient des terranes péricratoniques à la suite d’un rifting du Paléoprotérozoïque (Hall Peninsula-Aasiaat,
Duggan Lake, Kuujjuaq; blocs de Chester eld et de Repulse Bay sur le protocraton de Rae), tandis que
d’autres s’étaient séparés par rifting de leurs supercratons parents proposés (p. ex., Superia, Nunavutia)
et réassemblés (Sask-Partridge Breast, Bu alo Head). D’autres blocs semblent exotiques, par exemple le
domaine de Chipman duMésoarchéen-Néoarchéen coincé entre les cratons de Rae et de Hearne, le bloc de
QueenMaud sur le  anc ouest du craton de Rae, le terrane de Boothia du Néoarchéen terminal situé au nord
de la baie Queen Maud (et qui s’étend possiblement jusqu’à l’île Devon; Regis et Sanborn-Barrie, 2023) et
le terrane de Wabamun enfoui dans la partie centre sud du Canada. Les blocs de George River, de Falcoz
River et de Sugluk près du craton du lac Supérieur ont également des origines incertaines. Un sous-en-
semble important est formé de microcontinents qui ont considérablement été remaniés et se sont accrus
par le magmatisme pendant l’assemblage au Paléoprotérozoïque et ne contiennent que des fragments de 
composants archéens (Meta Incognita, Hottah, Mistibini-Raude).
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Les plus grands cratons, comme ceux des Esclaves, de Rae, de Nain et du lac Supérieur, présentent
des subdivisions internes distinctes avec des  liations du Paléoarchéen et du Mésoarchéen plutôt que du
Néoarchéen, re étant l’activité orogéniquemésoarchéenne et néoarchéenne qui a assemblé ces composants
dans leurs protocratons naissants. Avant 2,8 Ga, bon nombre des composants anciens ont connu un épi-
sode de rifting et se sont séparés pour ensuite être assemblés de nouveau dans les importants supercratons
Nunavutia et Superia du Néoarchéen. Le craton de Rae, en particulier, a été l’un des centres d’intérêt des
recherches du programme GEM, et des progrès importants ont été réalisés dans les connaissances de son
architecture et de son évolution. La présence de zircons détritiques du Paléoarchéen et du Mésoarchéen, et
plus rarement de l’Hadéen dans les roches sédimentaires du Néoarchéen et du Paléoprotérozoïque laisse
croire que le craton de Rae possède une histoire archéenne complexe, possiblement aussi longue que celle
des cratons des Esclaves et du lac Supérieur, mieux connus. L’établissement de l’architecture crustale
du craton de Rae avant la mise en place des intrusions répandues de la Suite de Snow Island s’est avéré
di cile et pourrait nécessiter des études régionales du système Lu-Hf dans les zircons ou par d’autres
méthodes isotopiques pour tirer au clair le remaniement magmatique qui s’est produit vers 2,6 Ga.

L’orogenèse de MacQuoid (de 2,5 à 2,0 Ga) a amorcé l’assemblage progressif et le remaniement de la
Province de Churchill occidentale et a été suivie de près par l’orogenèse d’Arrowsmith (de 2,5 à 2,3 Ga).
Alors que les e ets tectoniques de l’orogenèse d’Arrowsmith semblent être localisés le long de la limite
entre le bloc de Queen Maud et la partie ouest du craton de Rae, son empreinte métamorphique s’étend
sur des centaines de kilomètres dans le craton de Rae, sauf dans sa partie centrale (Je erson et al., le pré-
sent volume). De l’érosion a été suivie par le dépôt de nombreuses séquences de marge continentale ou
de couverture du Paléoprotérozoïque précoce avant la rupture du supercraton (Wodicka et al., 2014). Les
principaux cratons archéens et un grand nombre de microcontinents et de lambeaux crustaux de l’Archéen
au Paléoprotérozoïque initial qui se sont détachés de ces con gurations, aujourd’hui conservés entre les
cratons de Rae, du lac Supérieur et de Nain, étaient dispersés dans ce qui était autrefois le domaine océa-
nique de Manikewan, qui s’est refermé entre 1,92 et 1,83 Ga environ avec l’assemblage du supercontinent
Nuna. Du côté ouest du craton de Rae, une activité magmatique précoce dans la zone tectonique de Thelon
(de 2,03 à 1,96 Ga) a accompagné la subduction, après quoi s’est produit une collision avec le craton des
Esclaves de même qu’une déformation relativement localisée le long de la zone. La déformation le long
de la zone tectonique de Snowbird au sud-est du craton de Rae est de caractère polyphasé résultant de
la collision avec le craton de Hearne pendant l’orogenèse de Snowbird vers 1,9 Ga et du remaniement
subséquent pendant l’orogenèse trans-hudsonienne et la fermeture dé nitive de l’Océan Manikewan, vers
1,85 Ga. Les deux événements ont entraîné une déformation et un métamorphisme généralisés du socle
du craton de Rae et de ses séquences de marge continentale et de couverture. Cette surimpression pro-
gressive par des événements du Paléoprotérozoïque (de 2,5 à 1,85 Ga) distingue le craton de Rae des
autres régions archéennes stabilisées avant 2,5 Ga. Ce phénomène a été attribué à un cadre tectonique
de plaque supérieure pour le craton de Rae pendant les collisions paléoprotérozoïques et a probablement
retardé l’établissement d’une lithosphère mantellique stable. L’activité mantellique continue est évidente
en raison des intrusions alcalines répandues et du magmatisme associé (de 1,83 à 1,75 Ga) dans la partie
centrale du craton de Rae.

Le cœur de la partie nord du Bouclier canadien et du supercontinent Nuna étant dorénavant assemblé,
des mouvements de coulissage liés aux collisions périphériques (p. ex., Hottah, Nain) se sont poursuivis
et l’accrétion a pris de l’ampleur en périphérie du supercontinent (le Yukon actuel), ce qui a mené à la
formation de l’arc continental du Grand lac de l’Ours, à l’ajout d’un certain nombre de terranes enfouis

Figure 3. Mise à jour des subdivisions et des éléments du nord du Bouclier canadien à la 
suite des recherches de GEM-1 et de GEM-2. Les divisions de diverses couleurs du craton 
de Rae de l’Archéen mettent en évidence les subdivisions internes de celui-ci, mais toutes, à 
l’exclusion du bloc de Queen Maud, ont été intensément remaniées au Paléoprotérozoïque. 
Abréviations : BQM = bloc de Queen Maud; CCS = ceinture de Cape Smith; Ch = Chinchaga; 
CM = craton de Mackenzie; F = bloc de Falcoz River; FS = terrane de Fort Simpson; G = bloc 
de George River; OTT = orogène de Taltson-Thelon H = terrane de Hottah; K = orogène de 
Kitsuan; M = bloc de Mistinibi-Raude; MI = terrane de Meta Incognita; N = terrane de Nahanni; 
ONQ = orogène du Nouveau-Québec; OTT = orogène de Taltson-Thelon PB = terrane de 
Partridge Breast; SK = craton de Sask; Su = Sugluk; To = orogène des Torngat; GLO-W = zone 
du Grand lac de l’Ours-orogène de Wopmay; ZMGLO = zone magmatique du Grand lac de 
l’Ours; ZMT = zone magmatique de Taltson; ZTS = zone tectonique de Snowbird.
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sous le Bassin sédimentaire de l’Ouest du Canada et,  nalement, à la collision du craton d’Australie Nord
avec le nord-ouest de la Laurentie, avant 1,59 Ga. À l’intérieur, des failles tardives ont formé des bassins
de rift localisés dans la partie centrale du craton de Rae et dans le craton de Hearne de 1,75 à 1,27 Ga
environ, lesquels semblent avoir joué un rôle clé dans la localisation des gisements d’uranium liés à une
discordance. Les bassins sédimentaires susmentionnés du même âge dans le nord-ouest de la Laurentie
témoignent d’un transport sédimentaire sur de longues distances par de grandes rivières. Cette période est
associée à un refroidissement relativement lent à la suite des multiples événements de remaniement au
Paléoprotérozoïque, d’un magmatisme tardif, de la formation de failles et de la sédimentation.

Ce portrait d’ensemble, bien que considérablement amélioré par le programme GEM, comporte néan-
moins de nombreux aspects insu samment circonscrits qui constitueraient des cibles appropriées pour
de futures recherches. Le type de subdivision interne détaillée qui a été établi pour la Province du lac
Supérieur au  l de décennies de recherche dans des régions relativement accessibles, essentiel à la com-
préhension de sa métallogénie régionale, n’a pas encore été réalisé pour les cratons des Esclaves et de
Rae. La reconnaissance de l’empreinte limitée de l’orogenèse de Taltson-Thelon dans le bloc de Queen
Maud et le craton de Rae Sud a mis en évidence l’importance de comprendre les répercussions tectoniques
de l’énigmatique orogenèse d’Arrowsmith (d’env. 2,4 à 2,3 Ga). La découverte d’un grand nombre de
nouvelles séquences supracrustales et volcaniques du Paléoprotérozoïque dans des régions précédemment
peu étudiées complique nécessairement les choses, mais permet également de délimiter l’architecture
tectonique. Ce n’est qu’avec une plus grande densité de données, une couverture accrue par des levés
géophysiques modernes et des ensembles enrichis de données géochimiques, isotopiques et géochrono-
logiques in situ de haute précision que nous serons en mesure de répondre à des questions courantes ou 
plus précises concernant l’évolution crustale, l’architecture tectonique, les orogenèses et le potentiel
métallogénique de nombreuses parties du nord du Bouclier canadien.
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Abstract: The Geo-mapping for Energy and Minerals (GEM) program was funded between 2008 and 

2020 with the aim of advancing geological knowledge of the North to reduce risk for mineral explora-

tion and inform land-use decisions and future management of the North. Twenty-one regional activities 

were undertaken across Canada’s northern shield, spanning northern Prairie Provinces, northern Quebec,  

Labrador, along with much of Nunavut and Northwest Territories. A further  ve activities were thematic
in nature. Bulletin 612 presents results from 12 of these endeavours, including integrated regional bed-

rock geoscience studies, geophysical surveys, and basin analyses, as well as thematic thermochronology, 

geochemistry and large igneous province syntheses. The results highlight that GEM has contributed to 

new era of understanding of the northern Canadian Shield, expanding its framework substantially and 

developing an increasingly complex model of Archean cratons, Archean/Proterozoic microcontinents, and 

juvenile Paleoproterozoic crust that highlights the existence of a dozen new pericratonic to exotic ribbon 

microcontinents within a mosaic once considered as mostly large cratonic masses welded by Paleoprotero-

zoic orogens. This emerging picture brings additional questions for future northern studies — particularly 

in the granularity of subdivision of the largest blocks, the impact of enigmatic earliest Paleoproterozoic 

orogens, and dynamics of assembly of exotic and little-known terranes.

Résumé : Le programme Géocartographie de l’énergie et des minéraux (GEM) a fait l’objet d’un  

 nancement de 2008 à 2020 pour faire progresser les connaissances géologiques sur le Nord, dans le but de
réduire les risques liés à l’exploration minérale et d’éclairer les décisions propres à l’utilisation des terres
et à la gestion future du Nord. Vingt et une activités régionales ont été entreprises dans le nord du Bouclier
canadien, qui comprend le nord des provinces des Prairies et du Québec, le Labrador ainsi qu’une grande 

partie du Nunavut et des Territoires du Nord-Ouest. Cinq autres activités étaient de nature thématique. Le 

Bulletin 612 présente les résultats de 12 de ces activités, notamment des études géoscienti ques intégrées
sur le substratum rocheux à l’échelle régionale, des levés géophysiques et des analyses de bassin, ainsi
que des synthèses thématiques sur la thermochronologie, la géochimie et les grandes provinces ignées. 

Les résultats montrent que le programme GEM a contribué à une nouvelle ère de connaissances sur le
nord du Bouclier canadien, en élargissant considérablement son cadre et en élaborant un modèle de plus en 

plus complexe des cratons de l’Archéen, des microcontinents de l’Archéen/Protérozoïque et de la croûte 

juvénile du Paléoprotérozoïque qui met en évidence l’existence d’une douzaine de nouveaux microconti-

nents allant d’entités péricratoniques à des éléments exotiques en rubans au sein d’une mosaïque autrefois
considérée comme formée de grandes masses cratoniques soudées par des orogènes paléoprotérozoïques. 

Ce portrait émergent soulève d’autres questions pour les futures études sur le Nord, particulièrement en ce 

qui concerne la granularité de la subdivision des plus grands blocs, l’incidence des énigmatiques orogènes 

du Paléoprotérozoïque initial et la dynamique de l’assemblage des terranes exotiques et peu connus.
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INTRODUCTION

The 2008 to 2020 Geological Survey of Canada (GSC) led Geo-Mapping for Energy and Minerals
(GEM) program was undertaken to advance geological knowledge of the North, with the intention of
reducing risk for mineral exploration and to inform land-use decisions, balancing conservation and respon-
sible resource development (Geological Survey of Canada, 2018). Bedrock geoscience research in support
of these goals was undertaken in the northern Canadian Shield, which constitutes the area of discontinu-
ous permafrost within the northern Prairie Provinces, Quebec, Labrador, along with much of Nunavut and
Northwest Territories. The programwas delivered in partnership with the Northwest Territories Geoscience
O ce (Northwest Territories Geological Survey since 2015), Saskatchewan Geological Survey, Manitoba
Geological Survey, Canada-Nunavut Geoscience O ce, Ministère de l’Énergie et des Ressources naturel-
les du Québec, and Geological Survey of Newfoundland and Labrador, as well as Northerners, Northern
institutions, academia, and industry. The underlying objective of these activities was to  ll major gaps in
geoscience understanding of the northern Canadian Shield stemming from a combination of the scale and
vintage of previous mapping, geological complexity, exposure, and access. Over the two GEM phases
(2008–2013 and 2013–2020) more than 40 academic researchers and 9 postdoctoral fellows were sup-
ported, with over 50 graduate and undergraduate theses produced, encompassing nearly a dozen existing
lithotectonic subdivisions of the northern Canadian Shield (Fig. 1).

GSC Bulletin 612 summarizes advances in understanding of bedrock geology in many of the least
known parts of the shield generated through  eld- or lab-based research conducted by the GEM pro-
gram. It draws together insights from 14 individual studies (referred to herein as activities) to present a
coherent overview of the tectonic evolution and metallogenic potential of the northern Canadian Shield. 
The bulletin includes 10 regional bedrock syntheses, followed by 4 shield-scale thematic syntheses. These
are based on over 50 journal and research papers, reports, and open  le data compilations including 

lithogeochemistry, geochronology, and geophysics.

In the following sections we brie y discuss 1) the state of understanding of the northern Canadian
Shield prior to GEM research; 2) the major science questions GEM addressed for the northern Canadian
Shield; and 3) the major regional and thematic results presented in this volume. Table 1 summarizes
projects conducted under GEM. Table 2 presents key new or revised lithotectonic divisions and scienti c
understanding of the shield generated by GEM. Although these papers are not an exhaustive overview of
northern Canadian Shield GEM results, they do provide a preliminary synthesis of research results and
highlight outstanding questions for future study.

CANADA’S NORTHERN SHIELD AND GEM

The evolution, assembly, and architecture of the Canadian Shield (Fig. 1), the Precambrian heart of the
Canadian landmass, has been investigated for over a century in order to understand its mineral wealth and
diverse geological history that spans more than 3 billion years. Regional mapping, crust-formation, and
tectonothermal studies, as well as crust-mantle focused geophysical research by numerous research insti-
tutes and geological surveys have underpinned this (Clowes et al., 1999). However, the  eld-based studies
have been spatially constrained by practicalities of access and exposure, with the result that the broadest
and deepest understanding of its constituent cratons and orogens was focused either south of 60°N (e.g.
Superior Province, Grenville and Trans-Hudson orogens; Fig. 1) or near major northern transportation
corridors (e.g. Slave Province, Wopmay Orogen, Great Bear magmatic zone).

The shield represents over 50% of Canada’s landmass and forms the core of the paleocontinent
Laurentia, a largely Paleoproterozoic collage ofArchean cratons, microcontinents, and younger arc systems
that were  rst assembled by 1.8 Ga (Ho man, 1988). The Canadian Shield is important both geologically

Figure 1. Lithotectonic map of the Canadian Shield (modi ed after Corrigan et al., 2018) 

and adjacent Precambrian basins at the outset of the Geo-mapping for Energy and Minerals 

program. Abbreviations: AB = Athabasca Basin; EB = Elu Basin; GBMZ = Great Bear mag-

matic zone; MI = Meta Incognita terrane; QMB = Queen Maud Block; TB = Thelon Basin; 

TMZ = Taltson Magmatic Zone; TTZ = Thelon Tectonic Zone; WO = Wopmay Orogen.
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and economically: geologically for the fundamental advances in understanding of Precambrian tectonic
processes following decades of  eld-based and supported research; and economically for its stature as a
major contributor to Canada’s mineral production.

The northern Canadian Shield, the main focus of GEM, is composed of Archean cratons, numerous
microcontinents and crustal slivers, and a smaller volume of juvenile Paleoproterozoic crust, all overlain
by Paleo- to Mesoproterozoic cratonic cover sequences (Fig. 1). The six major cratons — Slave, Rae,
Hearne, Superior and Nain, along with the buried Mackenzie — have ca. 2.5 to 2.1 Ga passive mar-
gins or marginal sequences and were amalgamated and reworked to varying degrees during the 2.0 to 

1.8 Ga Taltson-Thelon, Snowbird, Trans-Hudson, Wopmay, and New Quebec orogenies (Eglington et al.,
2013). This basic framework of distinct cratons bounded by Paleoproterozoic orogens was  rst de ned
in Ho man’s United Plates of America and related papers (Ho man 1988, 1990), with major advances
coming from innovations in isotopic dating and geophysics. Successive waves of research programs
by government and academia between 2000 and 2010, such as the Shield Margin NATMAP, Western
Churchill NATMAP, EXTECH, and, arguably most importantly, Lithoprobe (Percival et al., 2012),
expanded this framework substantially, including the recognition/incorporation of microcontinents, such
as Chester eld Block and Sask Craton (Fig. 1, Table 2), and the categorization of orogens that re ned
our comprehension of an intricate mosaic of classic collisional (e.g. Wopmay Orogen, Trans-Hudson
Orogen-Reindeer zone) and accretionary (East Alberta Orogen, Snowbird Orogen) orogens that display
crustal to upper mantle structures largely analogous to younger orogens (Clowes et al., 1999). Integration
of crustal history with sophisticated characterization of subcontinental architecture further focused this
model (Snyder and Kjarsgaard, 2013).

These advances took place against a backdrop of a decade of rapid evolution in understanding the devel-
opment of the Archean and Paleoproterozoic Earth (Reddy and Evans, 2009). Many researchers accepted
a form of modern-style plate tectonics that was largely operative by 1.9 Ga (Condie and Kröner, 2008),
but controversy extended its applicability to 2.5 Ga or older periods (Stern, 2020). The Great Oxygenation
Event (GOE) at the onset of the Paleoproterozoic saw the  rst major rise of atmospheric oxygen, reach-
ing roughly half of the present-day amount by 2.3 Ga (Lyons et al., 2014), following a substantial decline
in mantle temperature (Korenaga, 2008) and overlapping in time with major global events like the  rst
Snowball Earth (Kopp et al., 2005; Ho man, 2013) and C isotope excursions in seawater (Eguchi et al.,
2022). A noted lull in preserved juvenile crustal addition, the so-called ca 2.3 Ga ‘magmatic gap’, was pro-
posed by Condie et al., (2009) to represent a slowdown or cessation of mantle convection that may have
triggered modern-style plate tectonics post 2.2 Ga, although this interpretation is not universally accepted
(e.g. Pehrsson et al., 2014a). Archean to Paleoproterozoic supercratons and supercontinents were begin-
ning to be reconstructed with increasing con dence (Bleeker, 2003; Salminen et al., 2021). Important
additional advances came from the study of early Earth history (Reimink et al., 2016; Shimojo et al., 2016)
and burgeoning studies of northern Canadian Shield lithosphere (Canil, 2008; Pearson and Wittig, 2014),
for example, that Archean cratonic keels were in part refertilized by Paleoproterozoic assembly, but nev-
ertheless record, through the isotopic signatures of Archean diamonds, some of the earliest indications of
the return of seawater to the mantle (Pearson et al., 2014).

As indicated above, a general understanding for parts of the northern Canadian Shield had been estab-
lished prior to GEM; however, knowledge crucial to de ning orogenic processes and regional metallogenic
potential remained inadequate. Large parts of the Shield remained unsubdivided and poorly constrained,
even lacking 1:250 000 scale mapping. The overall architecture of Trans-Hudson and Taltson-Thelon
orogens, particularly their hinterlands, was incomplete, and the number, origin, and lithotectonic makeup
of microcontinents caught in the Paleoproterozoic orogens were poorly understood, particularly west of
Slave Craton and west of Hudson Bay. Details such as the topology, controls on magmatism, and age of
major suture zones remained insu cient to resolve controversies such as the accretionary or internal col-
lisional nature of the Snowbird and Taltson-Thelon orogens, both of which were alternatively proposed as
Neoarchean to earliest Paleoproterozoic sutures. Even orogens mapped in more detail, such as the Great
Bear-Wopmay, contained enigmas — for example the genesis of early Hottah terrane and extent of Slave
Craton below Wopmay Orogen. At the craton scale, correlation of domains across Hudson Bay remained
a barrier to evolving models.
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GEM program

With an ambitious goal of completing a coarse-scale bedrock map of the North by 2020, the focus
for GEM was to address the most pressing knowledge gaps in composition, evolution, and assembly of
the northern Canadian Shield. A review across the North revealed persistent and signi cant geoscience
knowledge gaps in surface and subsurface geological structures and earth systems through time, particu-
larly in the Rae Craton and Core Zone (Fig. 1). This was due to insu cient previous bedrock mapping
combined with geological complexity, limited exposure, and restricted access. Frequently, the situation
is exacerbated by scant modern geochemical geochronological or isotopic data. More recently studied
cratons or areas with extensive road access (i.e. Slave and Superior) were not primary targets of GEM but
were included in broad thematic assessments for the Trans-GEM project. The Slave Craton’s formation
and evolution are summarized in a GEM-supported book (Helmstaedt et al., 2021).

The  rst phase of GEM in the northern Canadian Shield encompassed eight regional activities centred
in mainland Churchill and Great Bear-Wopmay provinces and broad thematic studies covering diamonds
and uranium (2008–2013; Table 1; Fig. 2 , 3). The common goal of the regional activities was to upgrade
geoscience understanding and geological models for Archean to Paleoproterozoic terranes with poten-
tial for base and precious metals, critical and precious minerals, carving stone, and aggregate. Research
included framework geological mapping, thematic mapping, airborne geophysics, regional geochemical
surveys, and a variety of supporting geoscience including lithogeochemical, isotopic, and geochrono-
logical studies. Diamond-related research occurred in the Slave Craton and the Repulse Bay–Boothia
Peninsula and Melville Peninsula–northwest Ba n Island corridors of the Rae Craton. Uranium-related
research was focused on the northern Athabasca Basin/Rae Craton and the Lac Cinquante area of the
Chester eld Block (Fig. 1).

The 2010 to 2012 ‘Geo-mapping Frontiers’ exercise was a major desktop and reconnaissance opera-
tion to access non-digital data from the  rst major northern reconnaissance mapping projects of the 1950s
and 60s: Operations Keewatin, Bathurst, Baker, Wager, and Thelon (Harris et al., 2013). Following on
from this, the Rae, Hudson-Ungava, and Ba n were de ned as the main areas of interest for the second
phase of GEM (2013–2020), thereby expanding the reach of the program to other parts of the northern
Canadian Shield. Ten new projects were focused on the most poorly known parts of the shield, including
north, central, and south Rae Craton, southeast Churchill Province of Quebec and Labrador, Trans-Hudson
Orogen of south Ba n Island, Thelon Orogen of Northwest Territories, Proterozoic terranes and basins
of Circum-Ungava, and Paleo- to Mesoproterozoic basins overlying Great Bear magmatic zone and Slave
Craton (Table 1; Fig. 2, 3). Frontier-scale projects (typically 1:250 000 scale mapping; i.e. south Rae and
Tehery Lake-Wager Bay area) had the goal of providing basic knowledge on the distribution of major
rock units, documenting their geological histories, and a preliminary evaluation of their economic poten-
tial. Orogen- or district-speci c activities (e.g. Chantrey-Thelon, Core Zone) were conducted at a more
detailed scale to resolve speci c questions like the genesis of established architectures. All the regional
activities addressed orogenic and cratonic architecture, domain boundaries in three dimensions, and
mineral potential by comparison to better known cratons such as Superior or Yilgarn. Related thematic
research included new compilations and syntheses of large igneous provinces and low-temperature ther-
mochronology across the North, including the northern Canadian Shield, and of the Snow Island Suite in
Rae Craton and Chester eld Block.

Preliminary GEM results have been disseminated through multiple Current Research papers, Open
File Reports of Activities, Canada-Nunavut Geoscience O ce Report of Activities and/or summary
journal publications (Table 1). New regional geophysical (aeromagnetic, gravity, magnetotelluric)
or geochemical (lake, stream sediment, water; see McClenaghan et al., 2022) surveys were integral
parts of many activities (Table 1). All of these resources can be found in NRCan’s GEOSCAN and
Geophysical Data Repository. GEM sur cial studies that overlap the northern Canadian Shield are
included in Bulletin 611 (McMartin, 2023) and results from Ba n Island are presented in Bulletin 608
(Dafoe and Bingham-Koslowski, 2022).
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Project Jurisdiction Geological region

Selected Report of 
Activities or Summary 

publications Supporting surveys

Phase 1 (2008–2013)

Great Island-Far North Manitoba Hearne Craton
Rayner, 2010;  
Kremer et al., 2011

Aeromagnetic

Melville Peninsula Nunavut-Kitikemeot Rae Craton Corrigan et al., 2013
Aeromagnetic, MT, 
Geochemical

Cumberland Peninsula Nunavut-Qikiqtani Rae Craton
Sanborn-Barrie and Young, 
2011; Whalen et al., 2012

Aeromagnetic

Hall Peninsula Nunavut-Qikiqtani Rae Craton
Skipton et al., 2013; 
Rayner, 2014

Aeromagnetic, MT

Northeast Thelon Basin Nunavut-Kivalliq Rae Craton
Je erson et al., 2011, 2015,
2022, this volume

Aeromagnetic, Gravity

GEM Frontiers
Nunavut/Northwest 

Territories
Churchill Province Pehrsson et al., 2014a Aeromagnetic, Gravity

Operation GEM
Nunavut/Northwest 

Territories
Churchill Province Pehrsson et al., 2014b Aeromagnetic, Gravity

Chester eld Nunavut-Kivalliq Chester eld Block Pehrsson et al., 2014b, c Aeromagnetic, Gravity

Great Bear-Wopmay
Northwest 
Territories

Great Bear/Wopmay 
Orogen

Craven et al., 2013; 
Corriveau et al., 2015

Aeromagnetic,  
Gravity, MT

Victoria Island Nunavut-Kitikemeot Arctic islands
Rainbird et al., 2015;
Bédard et al., 2016 

Southampton Island Nunavut-Kivalliq Rae Craton
Sanborn-Barrie et al., 2009, 
2018

Phase 2 (2013–2020)

South Rae
Northwest 
Territories

South Rae Craton
Pehrsson et al., 2015a, b, c;
Percival et al., 2016

Aeromagnetic, 
Geochemical

Chantrey-Thelon-
Montresor

Nunavut-Kitikemeot
Thelon Orogen and 

north-central Rae Craton
Berman et al., 2015a, b;
2016, 2018

Aeromagnetic, MT, 
Gravity, Geochemical

Tehery Lake-Wager Bay Nunavut-Kivalliq Central Rae Craton Wodicka et al., 2016, 2017
Aeromagnetic, MT, 
Gravity, Geochemical

Elu Inlet Nunavut-Kitikemeot Slave Craton Ielpi et al., this volume

Core Zone Quebec, Labrador SE Churchill Province
McClenaghan et al., 2014; 
Corrigan et al., 2015, 2016

Aeromagnetic, 
Geochemical

Mesoproterozoic basins
Northwest 
Territories

Bear Province
Rainbird and Davis,  
this volume

Circum-Ungava Quebec, Nunavut
Reindeer zone,  

Cape Smith
Corrigan et al., 2021

North Ba n Nunavut-Qikiqtani North Rae Craton
Saumur et al., 2018; 
Skipton et al., 2017, 2019

Aeromagnetic

South Ba n Nunavut-Qikiqtani Meta Incogita terrane Rayner et al., 2014 Aeromagnetic

Boothia-Somerset Nunavut-Qikiqtani North Rae Craton
Sanborn Barrie et al., 2016, 
2018, 2019

Aeromagnetic

Thematic or Trans-GEM

Northern uranium for 
Canada

Saskatchewan, 
Nunavut

Rae, Hearne cratons
Je erson et al., 2013;  
this volume

Diamonds
Northwest 

Territories, Nunavut
Slave, Rae cratons Teleseismic

LIP compilation various northern Canadian Shield Buchau and Ernst, 2013

Snow Island Suite 
geochemistry

Nunavut, Northwest 
Territories

Rae Craton/Chester eld
Block

Peterson et al., this volume

Low-temperature 
thermochronology

various
Shield-wide and  
Reindeer zone

Kellett et al., this volume

Abbreviations: LIP=large igneous provinces; MT=Magnetotelluric; SE=Southeast

Table 1. GEM projects (2008–2020) based in the northern Canadian Shield and lithotectonic elements in which they were 

focused.
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PAPERS OF BULLETIN 612

Regional bedrock syntheses

Great Bear magmatic zone

Corriveau and Potter (this volume) present mineralization within the ca. 1.86 to 1.78 Ga Great
Bear magmatic zone as a case study to develop geological and geophysical  ngerprints for iron oxide- 
copper-gold (IOCG) systems, an important ore system associated with calc-alkaline arc and shoshonitic
magmatism. To facilitate this, they begin with a compilation of Canadian and global IOCG deposits, their
geometry, alteration, and metal tenor; then use ore systems as the framework for exploration. They test
and re ne research approaches in remote shield areas, demonstrating how the major IOCG prospectivity
criteria of Skirrow (2010) can be applied in terms of geodynamics, facies, units, and structural pathways,
to build a spatial and temporal picture of the architecture of  uid alteration systems. They show that the
Great Bear magmatic zone hosts a spectrum of metasomatic systems from early and barren albitite cor-
ridors to high-temperature alteration-driven iron oxide-apatite (± rare-earth) mineralization and IOCG
variants rich in cobalt and other critical metals (Potter et al., 2013). They integrate new stratigraphic,
structural, and deposit-scale knowledge of NICO, the largest Canadian IOCG deposit, the historic Port
Radium district, and Rayrock uranium mine to show that there is an association between gossan and albite
alteration in the roof of subvolcanic intrusions, a key, widely applicable exploration footprint.

Figure 2. GEM projects of the northern Canadian Shield illustrated by station locations 

(red). Dark grey region represents the exposed northern Canadian Shield.
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TheGEMIOCGsynthesis demonstrates that petrological alterationmapping and geophysical surveying
at the district scale can be used to develop IOCG targets. In particular, integrating new gravity-modelling
techniques, as well as using aeromagnetic surveys to calculate pseudogravity, maximizes knowledge from
regional surveys (Hayward and Oneschuk, 2011; Kiss and Coyle, 2011a–f; Hayward et al., 2013). Related
magnetotelluric research in the Great Bear magmatic zone identi ed conductors linked to zones of ground
preparation and cryptic, thickened lithospheric boundaries, as well as new understanding of the architec-
ture of overlapping basins (Hoggard et al., 2019). Corriveau and Potter  nish with a brief summary of
collaborative research with other national geological surveys and institutions, and the application of their
approach to the central mineral belt in Labrador.

Elu Basin

Ielpi et al. (this volume) describe  uvial systems in the 1.9 to 1.6 Ga Kilohigok and 1.6 to 1.2 Ga Elu
Basins, western Nunavut, that were last studied in the 1970s. The aim therein is to examine the stratigra-
phy, sedimentology, and economic potential of these Paleo- to Mesoproterozoic sedimentary basins, with
emphasis on the prospectivity of the Elu Basin to host stratabound and/or unconformity-associated ura-
nium mineralization. Three  eld seasons of mapping led to the recognition of two terrigenous sandstone
formations, both with important aeolian intervals (Rainbird and Ielpi, 2015). By integrating regional basin
analysis, they demonstrated westward paleo ow, which, combined with detrital-zircon geochronology,
showed sedimentary materials derived directly from the central Thelon Orogen (see Berman et al., this
volume), and, by ca. 1.6 Ga, important input from 2.4 to 2.3 Ga Arrowsmith Orogen materials associ-
ated with the eastern Queen Maud Block. Their research supports conventional models of the uppermost
Kilohigok Basin as a foredeep related to Slave and Rae craton collision. Furthermore, it demonstrates
erosional unroo ng of much of the Thelon and Trans-Hudson orographic relief in under 200 Ma, as by
Elu Basin formation there was no topographic barrier to sediment transport o  the western Rae Craton.
The authors use regional criteria to correlate Ellice Formation (Elu Basin) with other contemporaneous
intracontinental northern Canadian Shield sandstone sequences: Barrensland and Athabasca groups on
the Rae Craton; and Mountain Lake and Dismal Lakes groups on Great Bear-Wopmay Orogen basement
rocks. Ielpi et al. concur with previous models that suggested these sandstones are erosional remnants of a
once wider deposit that blanketed the Canadian Shield, and importantly demonstrate how these depocen-
tres evolved during amalgamation and tenure of the 1.8 to 1.4 Ga supercontinent Nuna, linking unusual
 uvial channel morphology to proposed tropical paleolatitudes and a drier trade-wind circulation in a 
non-vegetated Precambrian supercontinental interior.

Chantrey-Thelon area

Berman et al. (this volume) present results for the central Thelon tectonic zone (Fig. 1), a major geo-
logical feature of the northern Canadian Shield about which there has been signi cant controversy since
its original de nition. Contrasting models propose that it formed as a magmatic arc marking subduction
and suturing between Slave and Rae cratons at 2.0 to 1.95 Ga (Ho man, 1988), or that it represents a
dominantly intracontinental magmatic zone formed far from an active plate boundary, but near an earlier
(ca. 2.4–2.3 Ga) collisional suture (Chacko et al., 2000). In the latter interpretation, it is considered a direct
extension of the 1.97 to 1.90 Ga Taltson magmatic zone between the Rae Craton and Bu alo Head terrane
(Fig. 3). However, alternate models link Thelon tectonic zone magmatism to other buried sutures of the
southwestern Canadian Shield (Card et al., 2014).

The authors present an overview of six new Thelon tectonic zone subdomains stemming from two
years of bedrock mapping accompanied by geochronological, petrogenetic, and tectonothermal studies.
Results show that the early (2.03–1.96 Ga) Thelon magmatic suite has geochemical signatures consistent
with a convergent margin setting and oxygen isotope compositions skewed toward mantle values similar
to those observed in Cenozoic continental arcs. New Sm-Nd data indicate that Thelon tectonic zone was
built in part on ancient Queen Maud Block crust that had rifted to form a pericratonic microcontinent
(3.2–3.1 Ga Duggan Lake Domain). Such a rift-to-drift setting explains provenance and compositions of
a newly recognized syn-Thelon tectonic zone, low-grade volcano-sedimentary sequence with back-arc
VMS potential (Ellice River supracrustal belt) that was inverted and migmatized during major high-grade
metamorphism concurrent with 1.93 to 1.90 Ga leucogranite magmatism. These data suggest no direct
correlation between Thelon tectonic zone and Taltson magmatic zone as required by the intracratonic,
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orogenic batholith model and support the Paleoproterozoic arc origin model of Ho man (1988), highlight-
ing how important detailed petrogenetic and isotopic data are for unravelling the complexity of northern
Canadian Shield assembly.

Montresor belt

Understanding the Paleoproterozoic tectonic evolution of the reworked Churchill Province is chal-
lenging owing to its polyorogenic history, but one of the most fruitful avenues to elucidating its post-2.3
Ga architecture involves investigating the Paleoproterozoic sedimentary belts that demarcate the original
latest Neoarchean paleosurface and subsequent loading. Like many of the northern Rae Paleoproterozoic
assemblages, the Montresor belt, north-central Rae Craton, was last mapped by late 1970s to 80s recon-
naissance studies and has received relatively little exploration attention (Rainbird et al., 2010). Percival
et al. (this volume) summarize the results of two  eld seasons and present a new model for the basin’s
evolution.

The Montresor belt is underlain by clastic and carbonate rocks preserved in a broadly synformal
structure with a complex history as demonstrated by new geological and geophysical information. This
originally broad platformal basin is divided into a lower, highly imbricated, high-grade group comprising
sandstone, mudstone, and carbonate deposited between ca. 2194 and 2045 Ma, and a ca. <1924 Ma upper
group at lower metamorphic grade consisting of mixed clastic and carbonate rocks exposed in a simpler
synformal structure. Provenance modes in the upper group are consistent with a Queen Maud block deri-
vation that, along with its deposition just prior to renewed ca. 1.92 to 1.89 Ga Thelon orogenesis, allows it
to represent a foreland to foredeep deposit formed during the waning phases of Thelon magmatism follow-
ing Slave and Rae collision. Comparison of the geometry and ages of deformation/metamorphism of the
imbricated lower sequence to the simpler geometry of the upper carbonate-mixed ramp suggests a transi-
tion through time to more far- eld polyphase deformation related to the 1.89 to 1.80 Ga Trans-Hudson
Orogen. This belt is part of a series of marginal sequences deposited after the 2.5 to 2.3 Ga Arrowsmith
Orogeny (Berman et al., 2013). It exempli es a regional geometry that is key to understanding the 1.9
to 1.8 Ga structural style, including crucial 1848 to 1837 Ma detachment faulting linked to hydrothermal
mineralization. Percival et al. demonstrate that Montresor belt compares favourably with other similar
belts north of Baker Lake that show signi cant thrusting of granitic basement and quartzite of the basal
sequence. This geometry, also characteristic of the Woodburn and northeast Thelon regions, complicates
recognition of the original Paleoproterozoic stratigraphic sequence but also highlights the across-strike
extent of Trans-Hudson reworking well into its far- eld hinterland of the Rae upper plate.

Ongoing research includes working to understand the implication of the regional structural geometry
for styles of mineralization and investigating impact spherules recognized in mudstone of the footwall
complex. Determining the nature and origin of the spherules will likely be signi cant for resolving the
Earth’s atmospheric and biological evolution, forming as they did just after the transition to an early 

oxygenated environment.

Northeast Thelon Basin region

The geodynamic setting of the late Paleoproterozoic intracontinental Thelon Basin has signi cance
due to its relation to the contemporaneous 1.7 to 1.4 Ga Athabasca Basin that hosts world-class uncon-
formity-uranium deposits (Fig. 1). Je erson et al. (this volume) present a comprehensive summary of the
geology and metallogeny of the northeast Thelon Basin, centred on Aberdeen Lake, Nunavut, and its sur-
rounding Neoarchean to early Paleoproterozoic basement. This area contains known basement-hosted U
deposits, but they lacked su cient knowledge to contextualize their formation. Geological mapping, U-Pb
geochronological, geophysical and structural studies have re ned and expanded knowledge of the struc-
tural and age distribution of U-prospective Neoarchean basement sequences. Furthermore, they de ne
and correlate Paleoproterozoic cover sequences that  ank and extend beneath the Thelon Basin, and they
elucidate basement architecture that in uenced reactivated mineralizing structures.

Detailed mapping of the arkosic-lithic quartzose sandstone basin  ll, subjacent ca. 1.83 to 1.75 Ga
Wharton and Baker Lake groups, and complex Snowbird and Trans-Hudson orogenic basement architec-
ture has enabled recognition of multiple diagenetic events that pervasively altered the sandstone, along
with hitherto unknown major crustal breaks that focus  uid paths (Je erson et al., 2012). The authors show
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that although northeast Thelon and Athabasca basins have somewhat temporally and spatially indepen-
dent diagenetic and metallogenic histories, including distinct stratigraphic architecture and basement host
rocks, the less-explored Thelon Basin nevertheless hosts similar U metallotects to those of the Athabasca
Basin. A conclusion is that Thelon Basin fault o sets were much greater, and sedimentation was much
more proximal in theAberdeen Lake area than in theAthabasca Basin, demonstrating how preserved strata
and basement alteration, and structurally/geophysically de ned major horsts point to an originally much
greater extent for the Thelon Basin. They propose that 2.6, 1.8, and 1.75 Ga magmatic suites were impor-
tant uranium sources. They highlight the post-tectonic 1.75 Ga Kivalliq igneous suite as associated with
pervasive silici cation and initial faulting prior to deposition and mineralization of the Thelon Formation.
Their review showed that the 1.75 Ga and older faults, plus additional faults, were multiply reactivated to
control accommodation space and paleotopography, and to focus chlorite+clay+apatite+uraninite altera-
tion of basement rocks around uranium deposits, with insu cient such data in the Thelon Formation.
Overall, their work compares di ering geodynamic settings of basin formation, the Thelon, wholly within
Rae Craton, with its weakly metamorphosed cover sequences, and the Athabasca, straddling the Rae-
Hearne suture where the conductive cover sequences are highly metamorphosed throughout. Je erson
et al. depart from previous models that suggested these sandstones are erosional remnants of a once
wider deposit that blanketed the Canadian Shield, in that the preservational basins are largely depositional
basins, minimizing the amount of sediment originally deposited between major basins. They further eluci-
date subtle but important di erences in diagenetic and mineralizing processes and targets between major
basin regions.

South Rae Craton

Pehrsson (this volume) presents a short summary of the geology of the south Rae Craton, Northwest
Territories, based on a new synthesis and subdivision that was developed from a two-year, 400 km
long, mapping transect from the Hearne Craton at Kasba Lake to Porter Lake, southeast of the Great
Slave Lake shear zone. She integrates four new 1:250 000 maps, U-Pb geochronological, isotopic,
and tectonometamorphic studies to show that the south Rae Craton comprises nine distinct Archean to
early Paleoproterozoic crustal domains bounded by newly recognized crustal-scale shear zones with a 
protracted history of deformation and reactivation between 2.5 Ga and ca. 1.7 Ga.

The southRaeCraton is predominantly lateNeoarchean in age,with evidence for Paleo- toMesoarchean
crustal contamination restricted to western domains that include rocks potentially correlative with the
Taltson basement complex. Tectonometamorphism and magmatism at ca. 2.5 Ga (MacQuoid Orogeny)
are restricted to eastern domains that lie within 75 km of the Snowbird tectonic zone. The ca. 2.4 to 2.3
Ga Arrowsmith Orogeny manifests west of the Black Bay shear zone, where the dominant structures of
large regional granulite domains are statically overprinted by high pressure ca. 1.9 Ga metamorphism.
Following the Arrowsmith Orogeny, ca. 2.2 to 2.0 Ga nearshore to marine sediments were deposited in
most domains, except along the Snowbird tectonic zone where an east-facing basin formed with moderate
to deep-water marine clastic and volcanic rocks. Widespread Paleoproterozoic magmatism, including ca.
2.29 to 2.0 Ga ma c dyke swarms and layered complexes, as well as ca. 1.9 Ga arc-like plutons, highlight
a signi cantly more complex geological history than previously established, including Paleoproterozoic
tectonometamorphic reworking up to 300 km west of the Snowbird tectonic zone, by both the Snowbird
and Trans-Hudson orogenies. Pehrsson proposes testable correlations of domains and structures into
northern Saskatchewan and Nunavut. Furthermore, she suggests that the linearity of crustal domains and
their complex internal architecture resulted from the combined e ects of the Arrowsmith collisional orog-
eny to the west and subsequent cycles of 1.9 to 1.82 Ga thickening and collapse imposed during accretion
of the Hearne microcontinent and closure of the Nuna supercontinent’s interior ocean.

Tehery Lake–Wager Bay area

Wodicka et al. (this volume) provide a concise overview of the Archean and Proterozoic history of the
Tehery Lake–Wager Bay area, Nunavut, spanning the northern Chester eld Block and the Repulse Bay
Block of the Rae Craton. Targeted bedrock mapping (2012 and 2015–2017) accompanied by U-Pb geo-
chronology,whole-rock and Sm-Nd isotope geochemistry, metamorphic petrology, and geophysical studies
enabled recognition of six lithotectonic domains, eachwith distinct lithological, protolith age,metamorphic,
isotopic, and/or geophysical characteristics, separated by large-scale structures. The Meso- to Neoarchean
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Gordon Domain is separated from the Neoarchean Lunan Domain by a transition zone comprising a
Neoarchean supracrustal sequence (Lorillard belt), reverse-sense high strain zones, and a magnetic- 
gravity lineament at depth. The 2.7 Ga Lorillard belt along with the Gordon and Lunan domains were
likely amalgamated outboard of the proto-Rae Craton, prior to voluminous 2.62 to 2.58 Ga Snow Island
suite arc magmatism (Peterson et al., this volume). The granulite-facies Kummel Lake Domain and Daly
Bay Complex both de ne prominent gravity highs in the southern part of the Tehery Lake–Wager Bay
area but di er in age and subsurface geometry. Based on regional gravity modelling and structural data,
the Neoarchean Kummel Lake Domain resembles a metamorphic core complex with a shallow to moder-
ately outward-dipping geometry, whereas the dominantly Paleoproterozoic Daly Bay Complex has steep
inward-dipping margins and was juxtaposed against amphibolite-facies gneiss of the Gordon Domain by
northward thrusting (Tschirhart et al., this volume). Between the Chester eld and Wager shear zones, two
prominent regional-scale structures with potentially long-lived, Archean to Paleoproterozoic histories,
lies the Douglas Harbour Domain, which is characterized by a thick-skinned fold-thrust belt involving
low to middle amphibolite-facies Paleoproterozoic supracrustal rocks (lower Ketyet Group-equivalent
Pennington belt) and Meso- to Neoarchean gneiss basement. The northernmost Ukkusiksalik Domain,
bounded to the northwest by a large 2.61 Ga Snow Island suite monzogranite body and to the south by the
Wager shear zone, may represent the southwestern-most extent of the Repulse Bay Block.

Although evidence for Neoarchean tectonometamorphic events is locally preserved in Tehery
Lake–Wager Bay area Archean rocks, all rocks, except for the Mesoproterozoic Mackenzie dykes,
were extensively deformed and metamorphosed during the Snowbird and/or Trans-Hudson orogenies.
Ongoing studies aim to elucidate the paleotectonic setting of Archean volcanism/sedimentation and the
orogenic processes operating at mid- to deep-crustal levels in this part of the Rae Craton during Nuna
supercontinent amalgamation.

Regional geophysics

Tschirhart et al. (this volume) present an overview of new geophysical data sets for nine GEM project
areas in the western Churchill Province spanning from Melville and Boothia peninsulas to southwestern
Rae Craton and the Thelon tectonic zone. The GEM-acquired data include aeromagnetic, long period and
broadband magnetotelluric, and ground gravity data. Integration of these data with quantitative constraints
of linked rock properties, bedrock geology, geochronology, petrochronology, and isotopic data has enabled
delineation of numerous new internal domains and terranes and their architecture. Major crustal bound-
aries are shown to vary from demagnetized zones cross-cutting textural discontinuities, low-resistivity
anomalies coincident with changes in mantle structure, highly attenuated magnetic highs associated with
high-grade ductile mylonitization, or abrupt truncation and lateral displacement/attenuation on curvilinear
anomalies of internal interference folds.

Three-dimensional inversion models are presented that suggest that Rae Craton, the upper plate during
ca. 2.0 Ga Thelon orogenesis, was thrust over the Slave Craton again during continued indentation related to
outboardWopmay and Racklan-Forward orogens (ca. 1.8–1.6 Ga).A common theme emerging from several
study areas (Montresor belt, Tehery Lake-Wager Bay, Chester eld Block, south Rae) is signi cantly more
extensive and widespread late extensional detachment faulting in the Rae Craton, which formed the heavily
reworked foreland and thermally softened, far- eld upper plate to Superior Craton collision.

Combining ground gravity and inverse modelling with magnetotelluric surveys is shown to be particu-
larly powerful for resolving the genesis of major regional high-gravity features along Chester eld Inlet that
were once thought to be genetically and geometrically linked to the 1.9 Ga Snowbird tectonic zone. Gravity
highs in the southern portion of the Tehery Lake-Wager Bay area do not correspond to a single coherent
suite of moderate- to high-pressure granulite-facies features, but distinct domains carried on a steeply east-
ward dipping thrust (Daly Bay Complex) or a gently north-dipping detachment (Kummel Lake domain)
(see Wodicka et al., this volume) illustrating exhumation of Rae’s deep crust via two processes: early 

syn-collisional thrusting and late metamorphic core complex formation.

Lastly, the geophysical data sets of individual activities were combined with existing regional data and  l-
tered through upward continuation and a range of other processing to create two major mosaic composites for
the western Churchill Province: Bouguer gravity with long wavelength residual total  eld, andBouguer gravity
data transparent on isostatic residual Bouguer gravity data. These products will facilitate further unravelling of
the complex evolution of northern Canadian Shield architecture and its bearing on mineralization.
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Manitoba’s far north

Böhm and Rayner (this volume) summarize GEM-supported research by the Manitoba Geological
Survey through their Far North Geomapping initiative. This initiative aimed to understand the nature,
evolution, and mineral potential of the Archean Hearne Craton, one of the principal geological building
blocks of the shield in Manitoba.

Four  eld seasons dispersed over several major  eld areas between Nejanilini Lake, near the Nunavut
border, and Great Island, west of Churchill, were conducted to test regional tectono-stratigraphic correla-
tions across the Hearne Craton from Saskatchewan into Nunavut. Aeromagnetic and gamma-ray surveys
of the Great Island and Seal River areas enabled new de nitions of  rst order features, such as supracrustal
basins and regional unconformities, tectonic fabrics and shear zones, and major granitoid domains. An
extensive program of regional U-Pb geochronology led to delineation of two new subdomains within
Hearne Craton and previously unrecognized Paleoproterozoic arc and back-arc volcanic and sedimentary
sequences (Rayner, 2022). This radically revised regional framework illustrates that the Hearne Craton,
rather than being an intact Archean nucleus, was likely assembled via accretion from a series of micro-
blocks and intervening Paleoproterozoic arcs. Derivation of an extensive late Neoarchean magmatic suite
(2570–2550 Ma) from thinned rather than thickened crust hints that some part of the collage may have
assembled during the transition to the ca. 2.55 Ga MacQuoid Orogeny. Important implications of this
new stratigraphic and structural architecture for regional metallogeny include recognition of four distinct
metasedimentary cover sequences, including: a passive margin formed post-2.5 Ga; a pre-2050 to 1984
Ma marine deltaic package; and a syn-Trans-Hudson, ca. <1880 to 1764 Ma  ysch-molasse successor
basin. The economic potential of these diverse packages includes uranium, gold, and/or rare metal min-
eralization based on comparisons with regionally correlative sequences in Saskatchewan and Nunavut.
A recently recognized Neoarchean greenstone belt in the Great Island area that hosts known gold occur-
rences emphasizes the untapped mineral potential of the area, as does the discovery of remnants of ancient, 
3.5 Ga cratonic lithosphere in the Seal River area. The latter discovery illustrates that a favourable 
diamond potential exists in some sections of this microcontinental assemblage.

Core Zone

Corrigan (this volume) presents a synthesis of GEM research in the southeastern Churchill Province
of Quebec and Labrador, a region termed therein as the ‘Core Zone’. This region was previously consid-
ered an extension of the Archean Rae Craton caught between Paleoproterozoic Torngat and New Quebec
orogens that ultimately welded the Superior and North Atlantic cratons (Fig. 1). Geochronological data,
targeted mapping, and supporting geoscience conducted by GEM in collaboration with the Ministère de
l’Énergie et des Ressources naturelles du Québec and Newfoundland and Labrador Geological Survey
suggest that the Core Zone’s Archean evolution does not link to the adjacent major plates. A tripartite,
internal lithotectonic subdivision is proposed based on distinct Neoarchean to early Paleoproterozoic
crustal evolution. The new 2.86 to 2.57 Ga George River, 2.37 to 1.987 Ga Mistinibi-Raude, and 2.89
to 1.9 Ga Falcoz River microplates are bounded by steeply-dipping, crustal-scale ductile shear zones
interpreted as paleo-sutures. An exception to these exotic blocks is the Kuujjuaq Domain, interpreted as a
sliver of Superior Craton that rifted away and was thrust back with George River Block prior to emplace-
ment of the De Pas batholith. An important new  nding overturning previous models is that the Torngat
Orogeny was principally restricted to the Core Zone/North Atlantic Craton margin, whereas broader
regional tectonometamorphism and deformation is related to the younger New Quebec Orogeny, and
complex transpression tectonics dominate in the southeastern Churchill Province. Correlation of Falcoz
River Block cover with the Lake Harbour Group of Ba n Island suggests it was laterally transported
along the margin. Recognition of the Core zone’s microplates and major transpressional structures will
help formulate domain-speci c metallogenic models.

Thematic syntheses

Neoarchean Snow Island Suite

Peterson et al. (this volume) provide the  rst synthesis of a major Neoarchean magmatic province that
is a  rst-order feature of the Rae Craton. The 2.62 to 2.58 Ga Snow Island Suite spans the region from
LakeAthabasca to Melville Peninsula and Southampton Island, comprising ma c to felsic plutonic rocks,
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with rarer subaerial volcanic and sedimentary rocks preferentially preserved beneath Paleoproterozoic
cover. Integrating lithogeochemistry from nearly a hundred precisely dated Snow Island Suite samples
with 50 Sm-Nd isotopic analyses, the authors show that di erent temporal phases of the suite have dis-
tinct geochemical attributes. Most of the suite comprises infracrustal granitoid rocks with highly evolved
signatures. A shift from precursor ma c volcanism and back-arc sedimentation at 2.62 Ga to dominant
sanukitoid magmatism by 2.60 Ga, is thought to re ect collision of a continental mass containing the cur-
rent Chester eld Block with an oceanic arc. Variations in geochemical sub-suites across the study area
are interpreted to re ect compositional di erences in the original pre-2.62 Ga constituent crustal blocks.
For example, an abrupt compositional shift south of Dubawnt Lake coincides with an early boundary with
more tonalitic basement to the south in proto-south Rae Craton. The existence of such boundaries at high
angles to the current dominant southwest-northeast Paleoproterozoic structural grain re ects a pattern of
primary age and compositional variation, interpreted to represent an originally west-verging continental
arc that assembled the various Rae nuclei. Preservation of extrusive components of the suite only in the
central Rae Craton reinforces major di erences in Neoarchean and Paleoproterozoic stratigraphy, meta-
morphism, and metallogeny outlined by Je erson et al. (this volume) that distinguish the central Rae from
the south Rae Craton and Committee Bay block. Importantly, the Snow Island Suite provides a craton-
wide major data set that will more broadly inform models of development of sanukitoid source regions
and their in uence on composition of subsequent melts.

Dyke swarms and large igneous provinces of northern Canada

Buchan and Ernst (this volume) present a synthesis of Paleoproterozoic giant (typically diabase)
dyke swarms and large igneous provinces of northern Canada, with an emphasis on age, distribution, and
paleomagnetism, along with potential linkages to paleocontinental reconstructions and coeval magmatic
or continental breakup events. They cover nearly 40 major ma c and minor felsic suites and present a 
1:3 000 000 scale synthesis map for areas of the northern Canadian Shield including Slave, Rae, and
Superior cratons and Mesoproterozoic overlap sequences. Units are categorized by age and craton,
emphasizing well dated suites and possible correlatives ranging from ca. 2.50 to 1.59 Ga. Poorly dated
examples that nevertheless have signi cant implications for regional metallogeny and cratonic reconstruc-
tions; undated, in part new, events on Slave and Rae cratons and Meta Incognita terrane; and numerous
volcanic packages in cratonic or passive margin sedimentary basins across the Churchill Province are
included to highlight future research targets.

Utilizing the latest primary paleopoles and age data, the authors summarize the potential signi cance
of major magmatic events in relation to rifting, continental breakup, and paleogeographic reconstruc-
tion. They test several proposed models for Laurentia and the broader Canadian Shield, including long
postulated links with Baltica from Nuna to Rodinia supercontinent assembly. Critical revisions to the
Paleoproterozoic North American apparent-polar-wander path (APWP) are presented and the accretion
of the exotic ca. 1.71 Ga Bonnetia arc terrane to the ancestral western margin of Laurentia is discussed.
Moving further back in time, models for preceding supercratons, such as Superia, Sclavia, and Nunavutia,
are tested. The authors argue that the most temporally relevant links for the Hearne and Superior cratons
are between the ca. 2.5 Ga Kaminak diabase dykes of the central Hearne Craton and coeval Ptarmigan
dykes of the Superior Craton. They propose that this earliest Paleoproterozoic con guration did not break
up until after ca. 2.11 Ga rift sedimentation and ma c magmatism recorded on both cratons. The early
Paleoproterozoic  t between the ca. 2.19 Ga Dogrib dykes of the Slave Craton and Tulemalu swarm of the
Rae Craton is assessed and found to be inconsistent with Slave and Rae cratons in their current con gura-
tion by ca. 2.3 Ga as has been previously proposed (De et al., 2000). Detailed 2.23 to 1.88 Ga APWPs
for Slave and Superior cratons do not overlap, suggesting that the two cratons were not drifting as part of
a single supercontinent over that time interval (Buchan et al., 2016), consistent with prevailing models
for two separate supercratons in that period (Salminen et al., 2021). The record of younger 1.89 Ga dyke
swarms allows for Siberia lying to the north of the Rae Craton within the Nuna supercontinent, a stable
1.9 to 0.72 Ga con guration that prompts favourable comparisons between metallogenetically important
units such as the Au- and REE-hosting 1.75 Ga Kivalliq igneous suite and the Timpton igneous suite of
Siberia. The proposed exotic ca. 1.59 Ga link between west Laurentia and southAustralia’s Gawler Craton
is broadly permitted by paleopoles of the Cleaver diabase dykes of the western northern Canadian Shield.
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Regional cooling of the shield

Kellett et al. (this volume) present a summary of their published synthesis on post-metamorphic cool-
ing of the northern Canadian Shield. Founded on a data set of over 2000 archival K-Ar ages and new
40Ar/39Ar cooling ages collected during GEM, the data reveals a stark contrast between metamorphic and
cooling histories of the various Archean cratons and terranes involved in Paleoproterozoic collisions dur-
ing assembly of Laurentia. Markedly di erent cooling patterns are seen to be generally linked to plate
position during collision and accretion. Lower plate-positioned larger cratons, such as the Superior and
Slave, behave as cold, stable blocks with some marginal thermal reworking. In contrast, the Churchill
Province, a collage of smaller microcontinents accreted to the Rae Craton before Superior collision, was
almost entirely thermally reworked during the late Paleoproterozoic. The Churchill Province is inferred to
have occupied an upper plate setting during much of the Paleoproterozoic based on its record of magma-
tism, structural, and thermal reworking in contrast to the lack of these features in the bounding Superior
and Slave cratons. Contrasts in inter-plate or microplate thermal history are presented in six cross-sections
across the interior of the northern Canadian Shield from Ba n Island to southern Saskatchewan.

A general west-to-east cooling pattern is de ned by two shield-scale thermochronological pro les: a
northern transect extending from the Slave Craton through the Thelon tectonic zone, northern Rae Craton
(Committee Bay belt, Hall Peninsula of Ba n Island, and Cape Smith belt), and into the Superior; and a
southern traverse through the Slave Craton, Taltson magmatic zone, south Rae Craton, Snowbird Tectonic
Zone, Reindeer zone of the Hearne Craton, and into the Superior Province. Both pro les reveal an asym-
metric trough pattern within Churchill Province rocks, with the youngest (ca. 1.7 Ga) cooling ages centred
within the Trans-Hudson Orogen proper, and oldest cooling ages located at the westernmost edges of the
Churchill Province. In the west, particularly in the south Rae Craton, cooling ages are structurally con-
trolled by domain-bounding faults, whereas in the east, within the Trans-Hudson Orogen, cooling ages 
are more uniform. The youngest cooling ages in the northern pro le are 50 Ma younger (ca. 1.650 Ga)
than in the south (ca. 1.700 Ga), indicating diachroneity in the post-collisional thermal equilibration and
exhumation of Trans-Hudson Orogen rocks.

Following the terminal Trans-Hudson collision between the Churchill and Superior provinces, the
Churchill Province may have undergone lithospheric delamination, as evidenced by late thermal per-
turbations, and subsequently behaved as a stable continental mass. Although it has been involved in
subsequent collisions as part of Nuna (e.g. Grenville Orogen), it occupied a lower plate position for these. 
Kellett et al. conclude that the contrast in cooling history between the upper plate (Churchill) and lower
plates (Superior, Slave, or Churchill) suggests that the upper plate during a Wilson cycle is intensely ther-
mally conditioned via heat,  uids, and magma generated during subduction tectonics and accretion events.

Statherian-Calymmian paleogeography of northwestern Laurentia

Following principal Paleoproterozoic northern Canadian Sheild assembly, major intracontinen-
tal basins formed in a number of depocentres, including northwestern Laurentia. Rainbird and Davis
(this volume) present a summary of new U-Pb detrital zircon geochronology and updated stratigraphy
of one of these basins: the Mesoproterozoic Hornby Bay Basin situated on the western margin of the
exposed northern Canadian Shield, northeast of Great Bear Lake. The ca. 1.75 to 1.27 Ga basin includes
the Big Bear, Mountain Lake, and Dismal Lakes groups. The Big Bear group comprises mainly imma-
ture, coarse-grained, clastic rocks deposited by high-energy rivers in restricted fault-bounded basins and
is proposed to be similar to rifts underlying the Thelon and Athabasca basins. Integrating detrital zircon
provenance with Hf isotopic compositions, Rainbird and Davis de ne possible source areas of the basin’s
clastic detritus. They propose derivation of Big Bear group sedimentary rocks from sources underlying
the Paleoproterozoic orogens and terranes in the environs of Great Bear Lake, along with more east-
erly sources such as Thelon tectonic zone. In contrast, the newly de ned Mountain Lake group formed
within a broader basinal depression possibly due to thermal subsidence. Its three formations, including
 uvial sandstone of a continental-scale braided river system and marine transgressive to regressive clastic
rocks, were deposited between ca. 1.7 to 1.63 Ga, with provenance re ecting intermediate recycling of
the Coronation Supergroup and the correlative but more distal Goulburn Supergroup of Kilohigok Basin.
The Mountain Lake group was subsequently folded and faulted during Racklan-Forward Orogeny related
to ca. 1600 Ma collision of Australia with northwest Laurentia. After associated uplift and erosion, the
dominantly marine 1.59 to 1.27 Ga Dismal Lakes group was deposited.
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Detailed facies comparison with the Yukon’s Wernecke Supergroup, Nd and C isotopic signatures of
respective shale and carbonate units, along with Hornby Bay Basin’s detailed depositional history, are
combined to build a new paleogeographic model for northwest Laurentia at that time. Awest-facing, pas-
sive-margin clastic wedge with both terrestrial (Hornby Bay Basin) and marine components (Wernecke
Supergroup) is proposed to have evolved to a stable carbonate platform, correlative elements of which
were transferred to northeastern Australia prior to the break-up of supercontinent Nuna.

AN EMERGING PICTURE

As is evident from the foregoing, GEM’s new era of northern mapping has expanded the Canadian
Shield’s framework substantially and has added detail to an increasingly complex model of the mosaic of
Archean cratons, Archean/Proterozoic microcontinents, and juvenile Paleoproterozoic crust that makes up
the northern Canadian Shield (Table 2; Fig. 3). In addition to the six majorArchean cratons— Slave, Rae,
Hearne, Superior, Nain (North Atlantic), and buried Mackenzie — the shield is now known to comprise
at least a dozen ribbon microcontinents of varied nature and/or origin. Some blocks originated as peri-
cratonic terranes following Paleoproterozoic rifting (Hall Peninsula–Aasiaat, Duggan Lake, Kuujjuaq;
Chester eld and Repulse Bay blocks on the proto-Rae Craton) while others were rifted from proposed par-
ent supercratons (e.g. Superia, Nunavutia) and reassembled (Sask-Partridge Breast, Bu alo Head) Other
blocks appear exotic, for example the Meso- to Neoarchean Chipman Domain caught between Rae and
Hearne cratons, the Queen Maud Block on the Rae Craton’s western  ank, the latest Neoarchean Boothia
terrane situated north of Queen Maud Gulf (possibly extending onto Devon Island; Regis and Sanborn-
Barrie, 2023), and the buried Wabamun terrane in south-central Canada. George River, Falcoz River and
Sugluk blocks about Superior also have uncertain origins. A signi cant subset of the microcontinents
were heavily reworked and augmented magmatically during Paleoproterozoic assembly and include only
fragmentary Archean records (Meta Incognita, Hottah, Mistibini-Raude).

The larger cratons such as Slave, Rae, Nain, and Superior have distinct internal subdivisions with
varying Paleo- to Mesoarchean versus Neoarchean parentage re ecting Meso- to Neoarchean orogenic
activity that assembled these components into their nascent proto-cratons. By 2.8 Ga many of the ancient
pieces underwent rifting and separation and were subsequently assembled into the major Neoarchean
supercratons Nunavutia and Superia. Rae, in particular, has been a focus of GEM research and substantial
progress has been made on its architecture and evolution. The presence of Paleo- and Mesoarchean, and
rare Hadean, detrital zircons in Neoarchean and Paleoproterozoic sediments suggests that the Rae Craton
has a complex Archean history, perhaps as extended as that of better-known Slave and Superior cratons.
Establishing the crustal architecture of the Rae Craton prior to emplacement of the widespread Snow
Island Suite has proved challenging and may require regional studies of zircon Lu-Hf or other isotopic
methods to see through ca. 2.6 Ga magmatic reworking.

The MacQuoid Orogeny (2.5–2.0 Ga) began the progressive assembly and reworking of the western
Churchill Province, followed closely by the Arrowsmith Orogeny (2.5–2.3 Ga). Whereas the tectonic
e ects of the Arrowsmith Orogeny appear to be localized along the western Rae–Queen Maud block
boundary, its metamorphic imprint extends hundreds of kilometres into the Rae Craton, except for the cen-
tral Rae (Je erson et al., this volume). Erosion was followed by deposition of many early Paleoproterozoic
marginal or cover sequences before and leading up to supercraton breakup (Wodicka et al., 2014). The
principal Archean cratons and host of Archean to earliest Paleoproterozoic microcontinents and crustal
slices that broke out of these con gurations, now preserved between Rae, Superior, and Nain cratons, were
scattered in what was once the Manikewan Oceanic realm, which closed between ca. 1.92 and 1.83 Ga
with the assembly of supercontinent Nuna. On the west side of Rae Craton, early magmatic activity on the
Thelon tectonic zone (2.03–1.96 Ga) accompanied subduction, followed by collision with Slave Craton
and relatively localized deformation along the zone. Deformation along the Snowbird tectonic zone to
the southeast of Rae is polyphase, resulting from collision with the Hearne Craton during the Snowbird
Orogeny ca. 1.9 Ga and subsequent reworking during the Trans-Hudson Orogeny and  nal closure of
Manikewan Ocean ca. 1.85 Ga. Both events resulted in widespread deformation and metamorphism of
Rae basement and its marginal and cover sequences. This progressive overprinting by Paleoproterozoic
events (2.5–1.85 Ga) distinguishes Rae Craton from otherArchean regions stabilized by 2.5 Ga. This phe-
nomenon has been attributed to an upper plate tectonic setting for the Rae Craton during Paleoproterozoic
collisions and likely delayed establishment of stable mantle lithosphere. Continued mantle activity is
evident from widespread alkaline and associated magmatism (1.83–1.75 Ga) in central Rae.
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With the core of the northern Canadian Shield and Nuna assembled, strike-slip motions related to
peripheral collision (e.g. Hottah, Nain) continued and accretion stepped out into the supercontinent’s
periphery (present day Yukon), leading to formation of the Great Bear continental arc, addition of a num-
ber of buried terranes below the western Canada sedimentary basin and, ultimately, collision of the North
Australia Craton with northwest Laurentia by 1.59 Ga. Inboard, late faults formed localized rift basins in
the central Rae and Hearne cratons ca. 1.75–1.27 Ga and appear to have been key for localizing uncon-
formity-related uranium. The aforementioned sedimentary basins of similar age in northwest Laurentia
re ect long-distance transport by large rivers. This period is associated with relatively slow cooling 

following the multiple Paleoproterozoic reworking events, late magmatism, faulting and sedimentation.

This overall picture, although substantially enhanced by GEM, nevertheless contains many aspects
that are incompletely constrained and would be suitable targets for future research. The kind of detailed
internal subdivision that has been established for the Superior Province through decades of research across
relatively accessible regions, which is crucial for understanding its regional metallogeny, has yet to be
achieved for the Slave and Rae cratons. Recognition of the restricted imprint of Taltson-Thelon Orogeny
within the Queen Maud Block and south Rae Craton has highlighted the importance of understanding
the tectonic impacts of the enigmatic ca. 2.4 to 2.3 Ga Arrowsmith Orogeny. Discovery of many new
Paleoproterozoic supracrustal and volcanic sequences in previously little studied regions necessarily com-
plicates matters, but also enables delineation of tectonic architecture. Only with greater data density,
increased coverage of modern geophysical surveys, and enhanced geochemical, isotopic, and in situ and
high-precision geochronological data sets will we be able to tackle ongoing or more speci c questions
pertaining to the crustal evolution, tectonic architecture, orogenesis, and metallogenic potential of many
parts of the northern Canadian Shield.
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Figure 3. Updated subdivisions and elements of the northern Canadian Shield following 

GEM-1 and -2 research. Coloured subdivisions of the Archean Rae Craton are shown to 

highlight internal subdivision, but all, excluding Queen Maud Block, were thoroughly reworked 

in the Paleoproterozoic. Abbreviations: Ch = Chinchaga; CSB = Cape Smith belt; F = Falcoz 

River Block; FS = Fort Simpson terrane; G = George River Block; GBMZ = Great Bear  

magmatic zone; G-W = Great Bear–Wopmay Orogen; H = Hottah terrane; K = Kitsuan 

Orogen; M = Mistinibi-Raude Block; MC = Mackenzie Craton; MI = Meta Incognita terrane;  

N = Nahanni terrane; NQO = New Quebec Orogen; PB = Partridge Breast terrane; 

QMB = Queen Maud Block; SK = Sask Craton; STZ = Snowbird Tectonic Zone; Su = Sugluk; 

TMZ = Taltson magmatic zone; To = Torngat Orogen; TTO = Taltson–Thelon Orogen.
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Abstract: The Geo-mapping for Energy and Minerals (GEM) and Targeted Geoscience Initiative (TGI) programs conducted 
extensive collaborative research on mineral systems with iron oxide–copper-gold (IOCG) and a liated deposits in prospective
settings of Canada. Regional alteration mapping as well as geochemical and geophysical modelling undertaken under the GEM 
program documented the evolution of polymetallic metasomatic systems with iron-oxide and alkali-calcic alteration and led to 
an increased recognition of the mineral potential of poorly explored areas and historic deposits of the Great Bear magmatic zone 
in the Northwest Territories, thus providing a solid framework for exploration. Early and barren albitite corridors form across 
the mineral systems and locally host uranium mineralization associated with telescoping of alteration facies by tectonic activity 
during the metasomatic growth of the systems. Subsequent to albitization, high-temperature Ca-Fe and Ca-K-Fe alteration form 
iron oxide–apatite (± rare-earth element) mineralization and IOCG variants rich in cobalt and other critical metals, respectively. 
Systems that further mature to K-Fe alteration form IOCG mineralization and can evolve to mineralized near-surface phyllic 
alteration and epithermal caps. Transitional facies also host polymetallic skarn mineralization. Rare-earth element enrichments 
within iron oxide–apatite zones are strongest where remobilization has occurred, particularly along deformation zones.

The TGI projects documented the pertinence for a GEM activity in the Great Bear magmatic zone and subsequently synthe-
sized GEM geoscienti c data into a system-scale, ore-deposit model, and outlined criteria for mineral resource assessment.
This model, and newly developed  eld-mapping and lithogeochemical tools were shown to be e cient mineral exploration and
regional mapping methods in Canada and were also applied to the archetype IOCG deposit, Olympic Dam, and other deposits 
in the Olympic  Cu-Au  metallogenic province of Australia. Case examples also include the Romanet Horst in the Trans-Hudson 
Orogen (second phase of GEM), the Central Mineral Belt in Labrador (TGI), the Wanapitei Lake district in Ontario (private 
sector exploration results used by TGI), and the Bondy gneiss complex in Quebec (TGI).

Résumé : Les programmes Géocartographie de l’énergie et des minéraux (GEM) et de l’Initiative géoscienti que ciblée
(IGC) ont permis la réalisation de recherches collaboratives poussées sur les systèmes minéralisateurs à gîtes d’oxydes de 
fer-cuivre-or (IOCG) et à gîtes a liés au sein de contextes prometteurs au Canada. La cartographie de l’altération à l’échelle
régionale, de même que la modélisation géochimique et géophysique menées dans le cadre du programme GEM ont permis 
de documenter l’évolution de systèmes métasomatiques à minéralisation polymétallique présentant une altération alcalino- 
calcique et à oxydes de fer, et ont mené à une reconnaissance accrue du potentiel minéral de zones sous-explorées et de gise-
ments historiques de la zone magmatique de Grand lac de l’Ours, dans les Territoires du Nord-Ouest, fournissant ainsi un cadre 
solide pour l’exploration. Ces systèmes métasomatiques forment des couloirs d’albitite précoces et stériles qui peuvent par la 
suite servir localement d’hôtes à une minéralisation uranifère associée au téléscopage des faciès d’altération en contexte de 
tectonique active synmétasomatique. À la suite de l’albitisation, l’altération à Ca-Fe et l’altération à Ca-K-Fe de haute tempé-
rature forment respectivement de la minéralisation d’oxydes de fer-apatite (± éléments de terres rares) et des variantes de gîtes 
d’IOCG riches en cobalt et autres métaux critiques. Les systèmes qui connaissent une évolution plus poussée, caractérisée par 
l’altération à K-Fe, forment de la minéralisation d’IOCG et peuvent ultimement aboutir à la formation, près de la surface, d’une 
altération phyllique et de chapeaux épithermaux minéralisés. Les faciès de transition peuvent aussi renfermer une minéralisa-
tion de skarn polymétallique. Les enrichissements en éléments de terres rares au sein des zones à oxydes de fer-apatite sont les 
plus forts là où il y a eu remobilisation, en particulier le long des zones de déformation.

Les projets de l’ICG ont d’abord démontré la pertinence de mener une activité de GEM dans la zone magmatique du Grand lac 
de l’Ours, puis ont permis de synthétiser les données géoscienti ques de GEM de façon à produire un modèle pour les gîtes
minéraux à l’échelle du système minéralisateur et de dé nir des critères d’évaluation des ressources minérales. Ce modèle et
les nouveaux outils de cartographie de terrain et de lithogéochimie développés se sont révélés être des méthodes e caces d’ex-
ploration minérale et de cartographie géologique régionale au Canada, puis ont été appliqués à l’archétype des gîtes d’IOCG, 
le gisement d’Olympic Dam, et à d’autres gîtes de la province métallogénique à Cu-Au d’Olympic, en Australie. Les exemples 
de cas comprennent également le horst de Romanet dans l’orogène trans-hudsonien (deuxième phase de GEM), la ceinture 
minérale centrale du Labrador (IGC), la région du lac Wanapitei en Ontario (résultats d’exploration du secteur privé utilisés par 
l’IGC) et le complexe gneissique de Bondy au Québec (IGC).

1Geological Survey of Canada, 490, rue de la Couronne, Québec, Quebec  G1K 9A9
2Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario  K1A 0E8
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CANADIAN PERSPECTIVE ON IOCG 

AND AFFILIATED DEPOSITS
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Figure 1. Location of Canadian iron oxide–alkali-calcic-altered districts 

and their iron oxide–apatite (IOA), iron oxide–copper-gold (IOCG), albitite-

        

prospective settings occur within the Precambrian Shield (in varieties of 

pink), in Precambrian inliers within the Cordillera, and in the Appalachian  
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Mineralization style  Fe-oxides1 Main metals Accessory Examples

Epithermal and vein-type mineralization and phyllic alteration-hosted mineralization

       Hem Cu, U
Zn, Pb, Cu, 


  
  2

2
 sulpharsenide  

 
Hem U, Cu, Ag, Co, 

  

Zn, As, Au, 



  

Lake mines2

   Hem Cu, Ag, Au
Pb, Zn, Co, 

   

    
mines2  
Fab prospects


    


Hem Ag Cu, Au    

Iron oxide–copper-gold (IOCG) and potassic skarn and cobalt-rich IOCG variants


  
   
 

Hem Zn-Pb-Cu-Ag Au
  2 

Lake


    
    

  Cu
Summit Peak, Nod, 
 

7

  

   
   

Hem, Mag
Cu, Au, Ag, 
Co

     

      Hem Fe     



  

     
     

Mag, Hem Cu, Ag, Au U Sue-Dianne deposit


  
sulphide-arsenide-biotite  
     

Mag, Hem
Zn, Pb, Ag, 

Cu, Co
     



   

    
alteration (andradite-vesuvianite-diopside-


Mag, Hem
Cu, Zn, Pb, 
  

  



 

  
   
  

Mag, Hem    
 

NICO deposit, series of 
prospects south of Duke

Iron oxide–apatite (IOA) and skarn


 
   

Mag, Hem Fe
   
Lake


 
     

 

Mag, Hem   

   

   
  
 

     Cu Nod area prospects


  

diopside-epidote
  Zn, Pb, Cu Ag

  

Pb-Cu, Duke

Albitite-hosted uranium

 Albitite-hosted uranium   U  
  


Hem, Mag          
2Past-producing mines
  
  

Table 2.         modi ed from    
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Figure 6.               

illustrating the relationship between alteration facies and the molar proportion of the main cations (Na-Ca-
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b) Sue-Dianne deposit, and c)             
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Record of Precambrian orogenic unroo ng
preserved in  uvial strata of western Nunavut

A. Ielpi1*, R.H. Rainbird2, and W.J. Davis2

Ielpi, A., Rainbird, R.H., and Davis, W.J., 2024. Record of Precambrian orogenic unroo ng preserved in

 uvial strata of western Nunavut; inCanada’s northern shield: new perspectives from the Geo-mapping for
Energy and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological

Survey of Canada, Bulletin 612, p. 99–114. https://doi.org/10.4095/332496

Abstract: Fluvial sandstone in the Kilohigok and Elu basins of western Nunavut record deposition 
related to the amalgamation and tenure of the Nuna supercontinent. The ca. 1.9 Ga Burnside River  
Formation was sourced by erosional unroo ng of the nearly coeval Thelon Orogen, about 250 km away, in 
a regime of crustal  exure. This proximally sourced sandstone contains abundant clustered channel forms

that point to high-magnitude discharge and sediment yield in weakly mobile channels. By comparison, 
the ca. 1.6 Ga Ellice Formation was sourced by the erosional unroo ng of the ca. 1.8 Ga Trans-Hudson 
Orogen, about 1000 km away, in a geodynamic regime of thermally driven sagging. The distally sourced 
Ellice Formation contains some rare and nonclustered channel forms that point to lesser discharge and 
sediment yield in mobile channels. Provenance analysis and plate models support links between the  u-
vial style of the Burnside River and Ellice formations and orogenic unroo ng facilitated by Hadley-cell

atmospheric circulation at tropical paleolatitudes.

Résumé :Dans les bassins deKilohigok et d’Elu, dans l’ouest duNunavut, des grès  uviatiles témoignent 
de la sédimentation associée à l’assemblage et à l’existence du supercontinent Nuna. Les matériaux de

la Formation de Burnside River, qui remonte à environ 1,9 Ga, proviennent de la dénudation par érosion

de l’orogène de Thelon, d’un âge à peu près semblable et éloigné d’environ 250 km, dans un régime de

 exure crustale. Ces grès à source proximale renferment d’abondantes formes de chenaux groupés, qui

sont l’indication de forts débits et de grandes charges de sédiments dans des chenaux peu mobiles. En

contrepartie, la Formation d’Ellice, qui remonte à environ 1,6 Ga, tire ses matériaux de la dénudation par

érosion de l’orogène trans-hudsonien, distant d’environ 1000 km et âgé d’environ 1,8 Ga, dans un régime

géodynamique d’a aissement de source thermique. La Formation d’Ellice, aux matériaux de provenance

distale, contient peu de formes de chenaux et ceux-ci ne sont pas groupés, ce qui indique des débits plus

faibles et des charges moindres de sédiments dans des chenaux mobiles. L’analyse de la provenance et les

modèles de plaques soutiennent les liens entre le style  uvial des formations de Burnside River et d’Ellice

et la dénudation orogénique, qui a été facilitée par la circulation atmosphérique liée aux cellules de Hadley

aux paléolatitudes tropicales.

1Harquail School of Earth Sciences, Laurentian University, Sudbury, Ontario P3E 2C6
2Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A 0E8
*Corresponding author: A. Ielpi (email: aielpi@laurentian.ca)
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INTRODUCTION

The erosional unroo ng of orogenic edi ces is widely

recognized as a primary control on the delivery of detritus

toward sedimentary basins downslope of mountain ranges

(Summer eld and Hulton, 1994; Walling and Webb, 1996;

Willett, 1999; Syvitski et al., 2003; Garzanti et al., 2007).

Through self-sustained isostatic uplift and removal of pro-

gressively lower crustal panels (Beaumont et al., 1992;

Ho man and Grotzinger, 1993), erosional orogenic unroof-

ing was responsible for global-scale mass transfer of

sediment (Syvitski et al., 2003). The highest rates of sedi-

ment yield were recorded in the forelands of young orogenic

belts facing moist atmospheric circulation systems (Métivier

et al., 1999; Syvitski et al., 2014).

The modes and tempos of orogenic unroo ng are dictated

by an orogen’s width, crustal thickness, and associated meta-

morphic gradients as well as by the prevailing climate and

biogeomorphic setting at the time (Beaumont et al., 1992;

Ho man and Grotzinger, 1993;Willett, 1999; Syvitski et al., 
2003). An overarching goal of Precambrian geology is to

decipher secular trends in planetary, crustal, and surface pro-

cesses through the study of Earth’s rock record. Questions

linger about the evolution of orogenic style through time

(e.g. Percival et al., 2012; Weller and St-Onge, 2017) as well

as the in uence of diverse micro- and macroscopic biotic

communities on surface weathering (Eriksson et al., 1998;

Long, 2011; Ielpi et al., 2018a). A topic of particular interest

to sedimentologists is the comparison between  uvial strata

deposited before and after the early Paleozoic radiation of

macroscopic life — and, speci cally, vascular vegetation —

across Earth’s continents (Davies and Gibling, 2010; Santos

et al., 2017; Ielpi 2018; Ganti et al., 2019; Ielpi and Lapôtre,
2020). Fluvial strata are important for their ability to record

information about provenance and physical processes at the

time of deposition.

This paper presents a summary of three  eld seasons of

study (2014–2016) in the Kilohigok and Elu basins of west-

ern Nunavut, Arctic Canada (Fig. 1), as part of the second
phase of the Geo-mapping for Energy and Minerals pro-

gram of the Geological Survey of Canada. Studies included

thematic sedimentology of terrigenous sandstone deposits,

characterization of their provenance, and assessment of their

potential for uranium enrichment. Here the focus is on a sedi-

mentological and depositional-architectural characterization

of two well preserved Paleo- to Mesoproterozoic sandstone

units of the Burnside River and Ellice formations.Aspects of

sedimentation in two basin tracts interpreted to be occupying

proximal and distal locations to their upland source areas are

discussed, and the relationship between depositional style

as well as patterns of orographic precipitation and orogenic

unroo ng are assessed. This study ultimately serves to dem-

onstrate that, once integrated with provenance data,  uvial

sedimentary records can be interrogated to test and re ne

extant paleogeographic and paleoclimate models.

GEOLOGICAL SETTING

Laurentia, the ancestral core of North America, pre-

serves an assemblage of crustal blocks that are inferred to

have amalgamated during a time of global orogenesis at 
ca. 2.1 to 1.8 Ga (Ho man, 1988; Zhao et al., 2002;
Pehrsson et al., 2016), and that resulted from the collision of

pre-existing crustal blocks, including the Superior, Hearne,

Sask, Wyoming, Rae, and Slave cratons (Bleeker, 2003;

Pehrsson et al., 2013). Products of this amalgamation are a

set of highly deformed and metamorphosed sutures between

pre-existing cratons (inferred to represent the roots of now

deeply eroded orogenic belts; e.g. Berman et al., 2013) and

widespread, poorly deformed, and weakly metamorphosed

sandstone, shale, and carbonate strata (inferred to represent,

in turn, the remnants of large sedimentary basins developed

during supercontinent amalgamation, tenure, and breakup

(e.g. Young et al., 1979; Rainbird et al., 1996; Davidson,

2008). Causal links between the repeated erosional unroof-

ing of orogens in the Canadian Shield and the development

of large syn- to postorogenic basins are supported by prov-

enance analysis (McCormick, 1992; Rainbird and Young,

2009; Rainbird et al., 2017).

Sedimentary basins preserved on the Slave Craton in

western Nunavut include the Kilohigok and Elu basins

(Fig. 1), which record  uvial-eolian to shallow-marine depo-

sition at ca. 2.0 to 1.8 Ga and 1.6 to 1.3 Ga, respectively
(Campbell, 1979; Campbell and Cecile, 1981; Grotzinger and

McCormick, 1988; Bowring and Grotzinger, 1992; Heaman

et al., 1992; Ielpi and Rainbird, 2015, 2016). Theories pro-

posed to explain the development of such basins included

failed rifting and intracratonic extension (Ho man, 1973;

Campbell and Cecile, 1981). The Kilohigok Basin is hypoth-

esized to have been a foreland basin, produced by crustal

 exure accompanying loading of the Rae Craton (upper plate)

onto the Slave Craton during the Thelon Orogeny (Grotzinger

and Gall, 1986; Grotzinger and McCormick, 1988; Tirrul and

Grotzinger, 1990). The Elu Basin is considered to be one of

a family of intracontinental basins formed by thermal subsid-

ence following the Hudsonian Orogeny and amalgamation of

the Nuna supercontinent (Rainbird andYoung, 2009; Rainbird

et al., 2014; Ielpi and Rainbird, 2015).

Basin stratigraphy

The Kilohigok and Elu basins together encompass about

10 km of strata exposed for about 800 km along strike

(Campbell and Cecile, 1976; Campbell, 1981; Grotzinger

and McCormick, 1988), although a composite stratigraphic

section can only be reconstructed in the central Bathurst

Inlet area (Fig. 2). Sedimentary rocks in the region are
mainly underlain by late Archean (ca. 2700–2580 Ma;
Sherlock et al., 2012) granitoid rocks, gneiss, and interven-

ing metasedimentary and metavolcanic panels (Culshaw and

van Breeman, 1990; Sherlock et al., 2012). In the Kilohigok

Basin,  uvial to tide-dominated shallow-marine conditions
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Figure 1. Geographic and geological setting of the Kilohigok and Elu basins, western Nunavut (modi ed from 

Campbell and Cecile, 1976; Ielpi et al., 2017a).
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along a stable platform margin are recorded at ca. 2150 to

1969 Ma (Bowring and Grotzinger, 1992; Bradley, 2008;
Sheen et al., 2019) by conglomerate, sandstone, and dolostone

of the Kimerot Group (Fig. 3a; Grotzinger and Gall, 1986).
Although the geodynamic signi cance of the Kimerot Group

and broadly correlative successions preserved on the Slave

Craton (e.g. the East Arm Basin; Sheen et al., 2019) is being

re-evaluated, these units have previously been interpreted to

represent rifting and drifting along a SlaveCraton passivemar-

gin (Grotzinger and Gall, 1986). The overlying Bear Creek,

Wolverine, andBathurst groups (1969–1882 Ma;Bowring and
Grotzinger, 1992) are composed of a largely clastic succes-

sion that transitions upsection from deep- to shallow-marine

facies (Fig. 3b), and thick terrestrial sandstone, with minor

conglomerate (e.g. the Burnside River Formation; Fig. 3c, d).

These groups are inferred to represent crustal  exure and

foredeep development in response to collision between the

Slave and Rae cratons (Grotzinger and McCormick, 1988;

Grotzinger et al., 1989; Tirrul and Grotzinger, 1990), an infer-

ence substantiated by geochronological constraints pointing

to nearly synchronous Thelon Orogeny and Bear Creek Group

deposition (Bowring and Grotzinger, 1992; Berman et al.,

2015).

The transition from Kilohigok Basin to Elu Basin depo-

sition is placed at the regionally unconformable boundary

between the Bathurst Group and overlying Tinney Cove

Formation (the latter dated at 1882 to 1630 Ma; Bowring

Figure 2. Simpli ed stratigraphic sections through the Kilohigok and Elu basins, western Nunavut (modi ed

from Campbell and Cecile 1976, 1981; Grotzinger and McCormick, 1988; Ielpi and Rainbird, 2015, 2016). The 

stratigraphic pro le mimics grain-size-controlled weathering pro les on outcrop.
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and Grotzinger, 1992). The Tinney Cove Formation records

the localized deposition of scree-slope breccia and con-

glomerate units overlain by immature terrestrial sandstone

(Fig. 3e; Campbell, 1978). Although inferring a geodynamic

setting from such geographically and stratigraphically lim-

ited deposits is fraught with uncertainty, the Tinney Cove

Formation can be tentatively related to extensional block-

faulting of older Kilohigok Basin strata in the aftermath of

the amalgamation of the supercontinentNuna (Rainbird et al., 
2014). Such a hypothesis is consistent with the stratigraphic

development of the overlying Elu Basin strata (brack-

eted between 1630 and 1270 Ma; Heaman et al., 1992;
Rainbird et al., 2014), which is proposed to record ther-

mally driven intraplate sagging and the establishment of a

widespread terrestrial to nearshore-marine depression (e.g.

Ellice Formation; Fig. 3f–h; Rainbird et al., 2014; Ielpi and

Rainbird, 2015).

SEDIMENTOLOGY

Thick and regionally extensive  uvial sandstone units

like the Burnside River and Ellice formations often exhibit

a limited number of sedimentary facies in outcrop (Miall,

1996). Such sedimentary facies point to shared physical

processes that are common to most  uvial systems irrespec-

tive of their planform (Brierley and Hickin, 1991; Ethridge,

2011). It is rather the appreciation of depositional architec-

ture, at scales varying from that of metres to kilometres,

and paleo ow analysis that allow for the eventual inference

of (pre-vegetation)  uvial style (Long, 2011; Hartley et al.,

2015; Ielpi et al., 2018b). Details about the methodological

approaches employed to collect sedimentological, deposi-

tional architecture, and paleo ow data sets are contained

in previous publications, to which the reader is referred 
(e.g. Ielpi and Rainbird, 2015, 2016; Ielpi et al., 2015, 2017a).

Analysis of the  uvial deposits of both the Burnside

River and Ellice formations has revealed the common occur-

rence of the following facies. Cross-strati ed sandstone

(Fig. 3d, f, 4a), pebbly in places (Fig. 4b) and with fore-

sets dipping at 5° to 20°, is by far the most abundant (~80%

of inferred volume). Cross-sets present a predominantly

trough-like (Fig. 4a) and, less frequently, planar (Fig. 4c)

geometry, and range in thickness from 0.1 to approximately

1.5 m. Monotonous bedsets of cross-strati ed sandstone
reach up to tens of metres in thickness. In places, such cross-

beds bear submetre-scale soft-sediment deformation such as,

for example, overturned and dissected foresets (Fig. 4d) or,

less frequently, water-escape cuspate structures. Crossbeds

are interpreted as a record of the accretion and migration of

dunes in subcritical  ow regime (Collinson et al., 2006), and

their widespread occurrence in Precambrian environments

is related to deposition by sustained, perennial  ows in rela-

tively deep (>1 m)  uvial channels (Todd and Went, 1991;
Nicholson, 1993; Long, 2006). Soft-sediment deformation

is a common feature of prevegetation  uvial sandstone

units and, when at the submetre scale, is associated with

 ow-induced bed shearing or dewatering soon after high

bedload yield (Owen, 1995; Owen and Santos, 2014; Ielpi

and Ghinassi, 2015).

Figure 3. Representative  eld photographs of the stratigraphy in the Kilohigok and Elu basins, western Nunavut:

a) intertidal stromatolitic dolostone, Peg Formation, Kimerot Group; lens cap for scale (about 5 cm in diameter and 

circled in yellow); NRCan photo 2019-739; b) deep-marine (i.e. below wave base) shale and sandstone, lower Bear

Creek Group; marker for scale (10 cm long); NRCan photo 2019-752; c) extrabasinal pebble-conglomerate of alluvial 

fan origin, Burnside River Formation, upper Bear Creek Group; lens cap for scale (about 5 cm in diameter and

circled in yellow); NRCan photo 2019-753; d) cross-strati ed sandstone of  uvial origin, Burnside River Formation,

upper Bear Creek Group;  eld book for scale (about 10 cm long and circled in yellow); NRCan photo 2019-757;  

e) intrabasinal scree-slope breccia (individual clasts are derived from the underlying Burnside River Formation),

Tinney Cove Formation; hammer for scale (about 30 cm long); NRCan photo 2019-740; f) planar-bedded and

cross-strati ed  uvial sandstone, Ellice Formation, Elu Basin;  eld book for scale (about 9 cm long); NRCan photo

2019-756; g) cross-strati ed sandstone and planar-bedded dolostone of shallow-marine origin, Ellice Formation, Elu

Basin;  eld book for scale (about 9 cm long); NRCan photo 2019-754; h) inter- to subtidal stromatolitic dolostone, Parry

Bay Formation, Elu Basin;  eld book for scale (about 9 cm long); NRCan photo 2019-755. All photographs by A. Ielpi.

Figure 4. Sedimentary facies observed in the Burnside River and Ellice formations, western Nunavut: a) trough 

cross-strati ed sandstone;  eld book for scale (about 9 cm long); NRCan photo 2019-744; b) trough cross-strati ed

sandstone, pebbly in places; hand-held radio for scale (about 10 cm long and circled in yellow); NRCan photo 2019-

745; c) planar-cross-strati ed sandstone; lens cap for scale (about 5 cm in diameter and circled in yellow); NRCan

photo 2019-746; d) cross-strati ed sandstone with  ow-induced sheared foresets (highlighted by dashed lines);  eld

book for scale (about 9 cm long); NRCan photo 2019-747; e) planar-strati ed sandstone;  eld book for scale (about

9 cm long); NRCan photo 2019-748; f) assemblage of planar-strati ed and low-angle cross-strati ed sandstone;  eld

book for scale (about 9 cm long); NRCan photo 2019-749; g) current ripples preserved on a bedding plane;  eld book

for scale (about 9 cm long); NRCan photo 2019-750; h) wave ripples preserved on a bedding plane;  eld book for

scale (about 9 cm long); NRCan photo 2019-751. All photographs by A. Ielpi.
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Second in order of abundance (~15% of inferred vol-

ume) is an assemblage of planar cross-strati ed sandstone

(Fig. 4e), pebbly in places or, rarely, arranged in wavy- and

lenticular-bedded sets, and low-angle cross-strati ed sand-

stone (i.e. foreset dipping <5°; Fig. 4f). Bedsets of planar

cross-strati ed and low-angle cross-strati ed sandstone

reach up to just under a metre in thickness. Their occur-

rence signi es deposition of low-relief dunes and  at-lying

traction carpets in either transcritical or supercritical  ow

regime (represented by low-angle cross-sets and planar sets,

respectively; Collinson et al., 2006). An interpretation of

high- ow-strength bedforms such as antidunes preserved

as wavy- and lenticular-bedded sets is also viable (Fielding,

2006). Accordingly, their occurrence in Precambrian  uvial

sandstone units is traditionally interpreted to indicate epi-

sodes of ephemeral discharge (Røe, 1987; Lebeau and Ielpi,
2017) in shallow (<1 m deep) channels.

Fluvial strata of the Burnside River and Ellice formations

also contain rare (~5% of inferred volume) tabular beds of

rippled sandstone, a few centimetres to a decimetre thick

(exceptionally up to 2 m thick). Ripples mainly point to uni-
directional  ow (Fig. 4g), although centimetre-thick layers

preserving wave-ripple morphology (Fig. 4h) have also been

observed. These deposits represent subcritical  ow-regime

deposition in ripple-bed con guration (Collinson et al.,

2006) and are typically attributed to waning- ood and shal-

lowing-water discharge stages (Sønderholm and Tirsgaard,

1998). The less common preservation of wave-ripple forms

accordingly suggests bed reworking in wind-stressed shal-

low ponds that were located beside active  uvial channels

(Fralick and Zaniewski, 2012).

Finally, it is important to point out that, beside the pre-

ponderance of  uvial deposits, both the Burnside River and

Ellice formations contain a portion of supermature and very

well sorted,  ne-grained quartz arenite. These deposits fea-

turequartz grainswith frosted surface, pin-stripe strati cation

that is characterized by locally inversely graded laminae,

within large-scale sets of crossbeds with basal de ation lags.

All these features are classically related to eolian transport

(Chakraborty, 1991; Cain and Mountney, 2009). Although

the sedimentological features of eolian facies appear com-

parable in the two formations, architectural analysis of large

exposures of the eolian strata using satellite imagery high-

lighted di erent relationships with adjoining  uvial strata.

In the Burnside River Formation, eolian deposits appear

to have been limited to simple dunes developed atop inter-

 uves, i.e. locally developed  at surfaces found in-between

entrenched channels (Ielpi and Rainbird, 2016). By com-

parison, areally more extensive eolian deposits of the Ellice

Formation display a complex internal interstrati cation and

were related to comparatively mature dune  elds developed

over larger basin tracts  anking  uvial-channel belts (Ielpi

and Rainbird, 2015).

PALEOFLOW ANALYSIS

Alargedata setof paleo owvectors collected fromboth the

Burnside River and Ellice formations points to northwestward

shedding of detritus (present co-ordinates; Fig. 5), a recurring
theme in many Proterozoic sandstone units preserved on the

Canadian Shield (Rainbird and Young, 2009; Rainbird et al.,

2014, 2017). Speci cally, paleofow data from the Burnside

River Formation exposed in northern Kiluhiqtuq (formerly

Bathurst Inlet) and Tariyunnuaq (formerly Melville Sound)

indicate focused to mildly dispersed unimodal transport over

the north-northeastern to west-northwestern quadrants, yet

notably with a cluster of paleo ow data pointing to opposite,

eastward paleo ow, in the southwestern corner of the sam-

pled area (Fig. 5). Paleo ow data from the Ellice Formation,

exposed in Tariyunnuaq and Elu Inlet, point instead to mildly

dispersed, unimodal transport toward the north-northwestern

to west-southwestern quadrants (Fig. 5).

DEPOSITIONAL ARCHITECTURE

A remarkable feature of the study area is the abundance

of exposures where undeformed sections, hundreds of

metres thick and several kilometres wide, can be observed

(e.g. Fig. 6a). Such exceptional quality of exposure allowed
the examination of depositional geometry at a scale that

typically remains unresolved in Precambrian basins. Full

details on the depositional architecture of the Burnside River

and Ellice formations are published elsewhere (Ielpi and

Rainbird, 2015, 2016) and here, only details relevant to their

style of channellization are reported.

Several architectural elements were recognized with

the aid of satellite-based imagery and oblique aerial pho-

tography; these included laterally continuous sand sheets,

large-scale cross-strati ed  uvial-bar complexes, and, per-

haps most notably, active-channel forms in both formations

(the latter a feature thought to be uncommon in Precambrian

 uvial strata; Davies and Gibling, 2010). Channel forms

consist of sand bodies  oored by scoop-shaped erosional

surfaces and composed of sedimentary facies pointing to the

direction of active  ow (as opposed to abandonment inter-

vals; cf. Toonen et al., 2012). The discrimination between

channel forms and other architectural elements, such as val-

ley  lls, relied on criteria discussed by Gibling (2006) and

Gibling et al. (2011), such as: 1) the identi cation of  uvial

bars within the channel forms, approximating the thickness

of the latter; 2) the lack of stratigraphic correlation between

individual channel scours; and 3) the scalar disambiguation

from observed valley  lls, which consistently displayed 
10- to 100-fold wider geometry.

Fifty-two active channel forms were recognized in the

Burnside River Formation. These channel forms are observed

in distinct, narrow clusters (Fig. 6a) and are contained within

stratigraphic sections underlain by a basin- oor unconfor-

mity that displays up to 250 m of relief 15 km along strike.



107

A. Ielpi et al.

Figure 5. Graphic summary of the paleo ow data from the Burnside River and Ellice formations, western

Nunavut (modi ed from Ielpi and Rainbird, 2015, 2016). Numbers next to individual stereoplots indicate number 

of data points.
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Figure 6. Depositional architecture of channel forms observed in the Burnside River and Ellice formations,

western Nunavut (Ielpi et al., 2017b), including a) a satellite view of a cluster of channel forms in the lower 

stratigraphic portion of the Burnside River Formation, with individual channel forms delineated by yellow

lines (note erosional relief along the unconformity with basement rocks); b) an oblique aerial photograph of 

channel forms of the Ellice Formation delineated by yellow lines and grey shading. Interpreted architectural

panels showing representative examples of  uvial sediment bars (Bar) and  uvial channel  ll (Ch.  ll) from  

c) the Burnside River Formation and d) the Ellice Formation, with the white and yellow dashed lines indicating

architectural-element boundaries and strati cation patterns, respectively.
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Such channel forms are 5 to 102 m thick and 92 to 1106 m
wide. Accordingly, their aspect ratio (i.e. width to thickness)

ranges from 9 to 83, averaging 37 (Ielpi et al., 2017b). Fluvial

bars observed therein are less than 25 m thick and point to

downstream accretion and migration, a feature consistent

with dominantly low-sinuosity, weakly mobile channels

characterized by a straight to braided planform (Fig. 6c). By

comparison, eight active-channel forms were recognized in

the Ellice Formation, within sections underlain by a basin-

 oor unconformity that displays up to 30 m of relief 20 km
along strike. The channel forms of the Ellice Formation are

not clustered (Fig. 6b), 50 cm to 7 m thick, and 5 to 400 m
wide (Ielpi et al., 2017b). Their aspect ratio ranges from 6

to 57, averaging 21. Fluvial bars observed therein are less

than 4 m thick and point to mixed modes of accretion and

migration (dominantly downstream-lateral; Fig. 6d), which

is consistent with mobile, low- to intermediate-sinuosity 
channels characterized by a wandering planform.

DISCUSSION AND CONCLUSIONS

Provenance

Inferences about the provenance of the Burnside River

and Ellice formations are formulated based on regional basin

analysis, paleo ow distribution, and detrital-zircon geochro-

nology. Several features are consistent with a genetic link

between the growth of the Thelon tectonic zone and the

development of a foredeep in the Kilohigok Basin, including

thickness trends, intrabasin unconformities, and kinematic

indicators consistent with syndepositional crustal  exure

and northwestward foredeep migration (Grotzinger and Gall,

1986; Grotzinger and McCormick, 1988; Grotzinger et al.,

1989; Tirrul and Grotzinger, 1990). Combining the above

with observed paleo ow trends (Fig. 5) leads to the formula-

tion of a preferred hypothesis according to which much of

the detritus from the Burnside River Formation is directly

derived from erosion of the Thelon Orogen (Ielpi et al., 
2017b). This inference is corroborated by upward compo-

sitional trends observed throughout the formation, such as

a shift from monomictic to oligomictic conglomerate, the

appearance of intrabasinal detritus, and an increase in feld-

spar content (Ielpi and Rainbird, 2016). Geochronological

data presented in McCormick (1992) showed an important

detrital-zircon age mode from the Burnside River Formation

synchronous with peak metamorphism and deformation

during the Thelon Orogeny (1.97–1.99 Ga), as well as
older detrital ages (2.3–2.4 Ga) that the authors tentatively
related to sediment sourcing from the Queen Maud Block, a

crustal block exposed to the east of the Thelon Orogen and 
interpreted as part of the Rae Craton.

A number of regional aspects help to establish correla-

tions between theEllice Formation and otherCanadianShield

sandstone units of similar vintage, e.g. theBarrenslandGroup

of the Thelon Basin, the Athabasca group of the eponymous

basin, and the Mountain Lake and Dismal Lakes groups of

the Hornby Bay Basin (Hadlari et al., 2006; Rainbird and

Davis, 2007; Rainbird et al., 2007; Ramaekers, 2010; Hahn

et al., 2013). Based on shared lithostratigraphic and inferred

depositional development, and basin shape, size, and thick-

ness, Fraser et al. (1970)  rst inferred that such sandstone

units may represent the erosional remnants of a once wider

deposit that blanketed the Canadian Shield — a hypothesis

supported by, among others, Gall (1994), Rainbird et al. 
(2007), and Rainbird and Young (2009). Such aspects are

consistent with the establishment of a pancontinental dep-

ositional realm that best  ts with a sag basin sustained by

thermal subsidence within a supercontinent interior (e.g.

Armitage and Allen, 2010). Rainbird et al. (2014) also pre-

sented detrital-zircon geochronological data from a single

Ellice Formation sample, which demonstrated a composite

age spread with multiple peaks at 2.6 to 2.2 Ga, a domi-
nant peak at 1.82 Ga, and a youngest peak at ca. 1.65 Ga.
These age groups were interpreted to represent, respectively,

both  rst-cycle and reworked detritus from Archean crys-

talline rocks and early Paleoproterozoic cover successions

(2.6–2.2 Ga), and an important contribution from the ero-

sion of syn- to postorogenic magmatic rocks of Hudsonian

a nity (1.82–1.65 Ga) (Rainbird et al., 2014). Therefore,
consistent with northwestward paleo ow data (Fig. 5) and

detrital zircon ages from correlative successions, the Ellice

Formation is interpreted as a far-travelled and, possibly, in

part polycyclic product of unroo ng of the Trans-Hudson

Orogen (cf. Ielpi et al., 2017b).

Fluvial record of orogenic unroo ng

Based on the available provenance data (McCormick,

1992; Rainbird et al., 2014),  uvial strata preserved in the

Burnside River and Ellice formations may be related to

drainage systems located about 250 km and 1000 km from
their upland sediment source, respectively. Di erences in

their architectural style and paleochannel depths, estimated

from the thickness of preserved  uvial bars (Nicholson,

1993; Chakraborty, 1999; Ielpi, 2018) are related to deposi-

tion in river tracts located in relative proximity and far away

from their upper catchment basin.

Commonly preserved and well clustered channel forms

in the Burnside River Formation are contained within strati-

graphic sections  oored by signi cant basement topography

— features overall consistent with valley-con ned  uvial

systems (Heller and Paola, 1996; Ethridge, 2011). This

inference is corroborated by the depositional style of  uvial

bars preserved within channel forms, which points to low- 
sinuosity channels characterized by restricted lateral mobil-

ity (Bianchi et al., 2015; Ielpi et al., 2016). Furthermore, the

relatively large scale of preserved channels (comparable in

both width and inferred depth with modern ‘large rivers’; see  
Latrubesse, 2015) points to drainage being focused in  u-

vial conduits capable of passing high-magnitude discharge

and sediment supply. As originally proposed by Ho man

and Grotzinger (1993), such high-magnitude discharge and
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sediment supply may have been sustained by orographic

precipitation and enhanced orogenic unroo ng on the wind-

ward side of the Thelon mountain range (Fig. 7a), which
would have been impacted by northeasterly trade-wind cir-

culation at near-equatorial latitudes (Pehrsson et al., 2016).

Despite the relatively humid climate found on the windward

side of mountain ranges, eolian strata in those locations can

develop as architecturally simple dunes limited to inter uves

protected by erosion (Mountney and Russell, 2009).

The lack of  rm geochronological constraints on the

deposition of the Elu Basin strata (for which a permissible age

window of about 400 Ma exists; Rainbird et al., 2014) hinders
a precise paleolatitudinal positioning of the Ellice Formation’s

 uvial system. Laurentia is nevertheless inferred to have

remained at near-equatorial latitudes from 1.63 to 1.27 Ga 
(Pehrsson et al., 2016), although moist trade-wind circulation

could have been somewhat weakened while transecting the

vast interior of theNuna supercontinent (Fig. 7b).Accordingly,

far-travelled detritus is consistent with the occurrence of rarely

preserved channel forms characterized by shallower depth and

both higher sinuosity and mobility than the Burnside River

Formation’s counterparts. Together with the observation of

gentle basement topography, these features are consistent with

a mid-size, uncon ned  uvial system, where drainage and

sediment supply are progressively reduced downstream due

to hydrological loss (related, in turn, to evaporation within a

dry continental interior or within-basin in ltration; Cain and

Mountney, 2009) and fractionation along bifurcating channels

(Latrubesse, 2015; Weissmann et al., 2015). Consistent with

the hypothesis of deposition in a somewhat drier continen-

tal interior is the occurrence in the Ellice Formation of larger

and architecturally complex eolian strata sets, which point

to climate-controlled development of extensive dune  elds 
adjacent to  uvial channel belts (e.g. Rogala et al., 2007).

Noteworthy corollaries to this analysis are that: 1) causal

links can be tested between  uvial style, orogenic unroof-

ing, and prevailing trade-wind generated by Hadley-cell

circulation established as early as 1.9 Ga; 2) questions linger
regarding the weakening and drying of trade-wind circulation

across pre-vegetation supercontinent interiors; and 3) by the

time of the Elu Basin’s deposition, the orographic relief of

the Thelon mountain range would have diminished enough to

allow for the bypass of Hudsonian detritus to the Elu Basin.
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the central Thelon tectonic zone, Nunavut: insights from Sm-Nd and O isotope analysis, U-Pb zircon geochronology, and 
targeted bedrock mapping; in Canada’s northern shield: new perspectives from the Geo-mapping for Energy and Minerals 

program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological Survey of Canada, Bulletin 612,  

p. 115–158. https://doi.org/10.4095/332497

Abstract: New isotopic analyses (Sm-Nd, O, and U-Pb), targeted geological mapping, and previously published whole-
rock geochemical data and high-resolution aeromagnetic surveys de ne ten crustal domains across the central Thelon
tectonic zone. In the eastern Slave Craton, granitoid rocks in the Overby Lake domain are more isotopically evolved than 
in the Tinney Hills domain and include tonalite dated at 2.71 Ga. The 400 km long main leucogranite belt separates most 
early (ca. 2.07–1.95 Ga) Thelon tectonic zone plutonic belts from the Queen Maud Block. Oxygen isotopes support its 
formation via melting of a sedimentary source during peak metamorphism, which coincides with three, new 1.925–1.91 Ga 
leucogranite ages. Modelling of Nd-Sm isotopes indicates Neoarchean crust as basement to early Thelon tectonic zone 
plutonic belts. Detrital zircon geochronology suggests a 2.5 Ga basement component that is not recognized in exposed 
crustal domains, but is compatible with the Dharwar Craton, which can be paleomagnetically reconstructed adjacent to the 
Slave Craton at 2.2 Ga.

Two tectonic models are discussed for the evolution of the Thelon tectonic zone in the convergent margin tectonic setting 
indicated by the whole-rock geochemistry and mantle-like oxygen isotopic compositions of plutonic rocks. In one model,  
ca. 2.1 Ga extension precedes east-dipping subduction, which leads to 1.97 Ga collision of the Slave Craton with a composite 
Thelon tectonic zone basement–Rae Craton, upper plate. The second model proposes a ca. 2.05 Ga Slave–microcontinent 
(Thelon tectonic zone basement) collision, followed by a polarity  ip with west-dipping subduction, leading to ca. 1.95 Ga
collision of the Rae Craton.

Résumé : De nouvelles analyses isotopiques (Sm-Nd, O et U-Pb), de la cartographie géologique ciblée, des données 
géochimiques sur roche totale déjà publiées ainsi que des levés aéromagnétiques à haute résolution permettent de dé nir dix
domaines crustaux dans la partie centrale de la zone tectonique de Thelon. Dans la partie orientale du craton des Esclaves, 
des roches granitoïdes contenues dans le domaine d’Overby Lake sont plus évoluées sur le plan isotopique que celles présen-
tes dans le domaine de Tinney Hills et comprennent de la tonalite datée à 2,71 Ga. La ceinture principale de leucogranite, 
longue de 400 km, sépare les ceintures plutoniques plus précoces (env. 2,07-1,95 Ga) de la zone tectonique de Thelon du 
bloc de Queen Maud. Les isotopes de l’oxygène appuient la formation de cette ceinture de leucogranite par la fusion d’une 
source sédimentaire lors de la culmination du métamorphisme, qui coïncide avec trois nouveaux âges de leucogranite com-
pris dans l’intervalle 1,925-1,91 Ga. La modélisation des isotopes Nd-Sm indique qu’une croûte néoarchéenne constitue le 
socle des ceintures plutoniques précoces de la zone tectonique de Thelon. La géochronologie des zircons détritiques suggère 
l’existence d’une composante de socle de 2,5 Ga qui n’a pas été relevée dans les domaines crustaux exposés en surface, mais 
qui est compatible avec le craton de Dharwar, lequel était attenant au craton des Esclaves à 2,2 Ga d’après les reconstitutions 
paléomagnétiques.

Nous analysons deux modèles tectoniques concernant l’évolution de la zone tectonique de Thelon dans un cadre tectonique  
de marge de convergence indiqué par la géochimie sur roche totale et les compositions isotopiques de l’oxygène des roches 
plutoniques aux apparentements mantelliques. Dans l’un des modèles, une extension à environ 2,1 Ga a précédé une  
subduction suivant une surface inclinée vers l’est, ce qui a mené à une collision à 1,97 Ga du craton des Esclaves avec un 
ensemble composite formé du socle de la zone tectonique de Thelon et du craton de Rae, qui constituait la plaque supérieure 
de la zone de subduction. Dans le second modèle, une collision entre le craton des Esclaves et un microcontinent (socle de la 
zone tectonique de Thelon) à environ 2,05 Ga a été suivie par une inversion de polarité de la subduction suivant une surface 

inclinée vers l’ouest, ce qui a mené à une collision à environ 1,95 Ga avec le craton de Rae.
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Figure 1. Regional geology (modi ed from Wheeler at al., 1996) of a portion of the Canadian Shield (see inset) 

showing the location of the study area in the central Thelon tectonic zone (cTtz) and a study in the Taltson mag-

matic zone by Chacko et al. (2000; rectangle labelled ‘C-2000’). BRc = Booth River complex, HB = Hope Bay 

belt, KB = Kilohigok Basin, LdG = Lac de Gras dykes, QMB = Queen Maud Block, QMg = Queen Maud granitoid 

suite, SB = Sherman Basin, sTtz = southern Thelon tectonic zone, Tad = Taltson domain, Tbc = Taltson basement 

complex, U = Union Island Group.
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Figure 2.              

by black rectangles) area (Natural Resources Canada, 2013). Enlarged inset illustrates the magnetic fabric of the 

central Thelon tectonic zone (cTtz). Crustal domains include the Central plutonic belt (Cpb), Duggan Lake domain 

(DLd), Eastern leucogranite belt (Elb), Eastern plutonic belt (Epb), Ellice River domain (ERd), Main leucogranite 

belt (Mlb), Queen Maud Block (QMB), and Western plutonic belt (Wpb).
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REGIONAL GEOLOGICAL SETTING

      
      
        
            
        
          
        
       
        
         
        
         
          
         
       

      
       
     
          
        
       
         
         
       
      
     
      
       
           
        
        
       
         
      
       
      
      
       
        
       
       
         
      

     
      
        
       
        
      
        
        
         
      
           
         
       
    

         
      
       
       
       
        
        
           
       
         
         
          
      
           


         
       
        
          
        
      
        
          
        
          
          
         
        
       
          
         
     

Figure 3.               

aeromagnetic survey data (inset; Kiss, 2014a, b; Coyle, 2017a, b), isotopic constraints (this paper; W.J. Davis, 

               

traces; bold dotted lines show prominent late fold axes; T1 is location of east-vergent thrusts, and A, B is location 

of axes of late folds. Sample locations are colour-coded with respect to Nd model ages listed in Table A-1. Oxygen-

isotope data (Table A-1) were collected at a subset of these locations (small black circles). References to published 

U-Pb zircon crystallization ages are given in Table A-1. Inset shows high-resolution aeromagnetic survey across 

the boundary (arrows) between the Overby Lake domain (OLd) and Western plutonic belt (Wpb). Cpb = Central 

plutonic belt, Elb = Eastern leucogranite belt, Epb = Eastern plutonic belt, ERd = Ellice River domain, inc. = include, 

interm. = intermediate, mgr = monzogranite; Kfs = potassium feldspar, cpx = clinopyroxene, mag = magnetite,  

bt = biotite, hbl = hornblende, ms = muscovite.
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GEOLOGY OF THE CENTRAL 
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Figure 4. Field photographs of Thelon tectonic 

zone rocks. a) Highly strained garnet leucogran-

ite (geochronology sample M003A) typical of the 

Main leucogranite belt and Eastern leucogranite 

belt. Photograph by M. Sanborn-Barrie. NRCan 

photo 2020-830. b) Diorite intruded by monzo-

granite sample W101 in the Western plutonic 

belt; card for scale is in centimetres. Photograph 

by O. Weller. NRCan photo 2020-831. c) Lower 

amphibolite–facies komatiitic metavolcanic rock 

    -

canic rocks from the southern part of the Ellice 

River domain. Photograph by M. Sanborn-Barrie. 

NRCan photo 2020-832. d) Porphyroclastic, my-

lonitic quartz monzonite (shear fabric orientation 

      

zone approximately 1 km wide along the bound-

ary between the Western plutonic belt and the 

Overby Lake domain; card for scale is in centime-

tres. Photograph by M. Sanborn-Barrie. NRCan 

photo 2020-833. e) Well foliated monzogranite 

(geochronology sample M202A) from the Overby 

Lake domain; hammer for scale is 31 cm long. 

Photograph by M. Sanborn-Barrie. NRCan photo 

2020-834. f) Folded, layered gneiss comprising 

(?)Neoarchean monzogabbro and monzogranite 

((?) ca. 1.99 Ga) from station W120 in the north-

ern part of the Ellice River domain. Photograph 

       

      

not part of this study, can be accessed by con-

         

of archival samples at the Geological Survey of 

Canada.
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Domain Magnetic Lithologies (in order of abundance) Age (Ga) T
DM

(Ga) 18O
WR

Nd(initial)

Thelon tectonic zone

Wpb High mgr, gdi, di, qmdi, qm, sygr, qdi (qm)
2.01–1.98 
(2.03)


(2.43)


(6.9)

–4.2 to –1.7 
(–1.6)

ERd Low mgr, qdi, qmdi, gdi, mga, ton, qdi, qm (sygr)

(2.07)


(2.28)

6.1–9.8 –3.7 to –0.9 
(–0.3)

Cpb High di, gdi, mgr, qmdi, sygr, afs, mga, qm, ton 1.98–1.96   –4.3 to –2.3

Cpb Low di, gdi, mgr, qdi, qmdi  8.0–10.6

Epb High di, qdi, ga, gdi, qm, ton (gdi)
2.01 

(2.06)

2.60–2.40 

(2.39)

 –2.7 to –2.0 

(–0.6)

Mlb Low grt, sil-sp, lgr, mgr 1.92–1.91   –6.1 to –4.3

Elb Low grt, sil-sp, lgr, mgr 1.93–1.91     

Slave

THd Low gdi, afs, qmdi, ga, di, mgr, qdi, qga, sygr, ton
 2.71–2.60 

(2.89)
7.8–10.8 1.8 to 2.8 



OLd Low-med ton, gdi, di, mgr, qdi  2.88–2.70    

QMB, DLd gdi, ton, qdi, di, mga, mgr, mnz, qga, sygr  3.61–2.87  –3.0 to 4.2

Lithology abbreviations: afs = alkali feldspar granite, di = diorite, ga = gabbro, gdi = granodiorite, lgr = leucogranite,  

mga = monzogabbro, mgr = monzogranite, mnz = monzonite, qdi = quartz diorite, qga = quartz gabbro, qm = quartz 
monzonite, qmdi = quartz monzodiorite, ton = tonalite, sygr = syenogranite 
Mineral abbreviations: grt = garnet, sil = sillimanite, sp = spinel 

Domain abbreviations: Cpb = Central plutonic belt, DLd = Duggan Lake domain, Elb = Eastern leucogranite belt, Epb = 
Eastern plutonic belt, ERd = Ellice River domain, Mlb = Main leucogranite belt, OLd = Overby Lake domain, QMB = Queen 
Maud Block, THd = Tinney HIlls domain, Wpb = Western plutonic belt 
Age = U-Pb zircon crystallization age 

T
DM

 = DePaolo (1981): range shown for Wpb, ERd, Cpb-low does not include several older results discussed in text  

       

Table 1. Crustal domain characteristics.
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Figure 5.   
Nd
           

basement rocks; for clarity, the plot includes only Paleoproterozoic Thelon tectonic zone plutonic 

              

             -

             
Nd

 values for samples from 

                 

                

Cpb = Central plutonic belt, DLd = Duggan Lake domain, Elb = Eastern leucogranite belt, Epb = 

Eastern plutonic belt, ERd = Ellice River domain, Mlb = Main leucogranite belt, THd = Tinney Hills 

domain, Wpb= Western plutonic belt; grt = garnet, mgr = monzogranite.
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Figure 6. Concordia diagrams showing results of Sensitive High-Resolution Ion Microprobe (SHRIMP) analyses 

for samples from the Thelon tectonic zone: a) Overby Lake domain monzogranite sample M202A; b) Eastern  

leucogranite belt sample M003A; c) Main leucogranite belt sample R132A; d)    
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Figure 7. Correlation between samples of Paleoproterozoic Thelon tectonic zone (Ttz) plutonic rocks, shown 

using: a) a diagram of SiO
2
       18O (in parts per thousand rel-

         b) a diagram of aluminum saturation  

       18     

composition; c)      18O, illustrating a change from isotopically lighter to heavier 

granitoid rocks with time. Cpb = Central plutonic belt, Elb = Eastern leucogranite belt, ERd = Ellice River domain, 

Epb = Eastern plutonic belt, Mlb = Main leucogranite belt, Wpb = Western plutonic belt.
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Tinney Hills and Overby Lake  

domains (Slave Craton)

     
         
          
           

Figure 8. Diagram of SiO
2
 contents (in 

     18O 

(in parts per thousand relative to V-SMOW) 

for Archean rocks in the Thelon tectonic 

zone. mgr = monzogranite, OLd = Overby 

Lake domain, QMB = Queen Maud Block, 

THd = Tinney Hills domain.
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Figure 9.   

Archean Thelon tectonic zone basement 

rocks, shown using: a)    

   
2 

contents (in  

weight per cent); b) K
2
O versus SiO

2
 

contents. Note that Overby Lake domain 

granitoid rocks are distinctly less potassic 

than Tinney Hill domain and Rae Craton 

granitoid rocks. mgr = monzogranite.
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Figure 10. Tectonic discrimination diagrams for Paleoproterozoic Thelon tectonic zone rocks: a)  

      b)        

Lecolle, 1989); c)               

Lake domain, Elb = Eastern leucogranite belt, EMORB = E-type mid-ocean-ridge basalt, Epb = Eastern plutonic 

belt, ERd = Ellice River domain, Mlb = Main leucogranite belt, NMORB = normal mid-ocean-ridge basalt, 

VAT = volcanic arc tholeiite, Wpb = Western plutonic belt; grt = garnet.





GSC Bulletin 612

       
       
      
       
     O

WR


        
O


       

         
          
        
       
  O

WR
   

         O
WR

 
     
       
         
       
       
    
       
         O

WR


           
       
         
       
          
      O

WR


        
         
        

         
       
        
 

Constraints on Thelon tectonic zone

petrogenesis

     O
WR
  

        
       
     
    
        
    O

WR
 


  

       
            
      
        
      
        
         
       
        
       
      O

WR
  

   

   

       
    O

WR
   

Figure 11.    18O (in parts per thousand relative to V-SMOW) of ‘early’ and ‘late’  

granitoid rocks from a) the Thelon tectonic zone (Ttz), compared to continental arc granitoid rocks (black line; 

Driver et al., 2000) and arc volcanic rocks from the Central Volcanic Zone (CVZ) in the Andes (red line, based 

              b) the Taltson magmatic zone (Tmz;  

De et al., 2000), compared to intracontinental granitoid rocks (black line; Driver et al., 2000)
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Figure 12. Diagram of SiO
2
       18O (in parts per thousand 

relative to V-SMOW) for Proterozoic granitoid rocks of the Thelon tectonic zone (Ttz), comparing results 

from this study with closed-system (thick solid and dashed grey curves; black stars indicate the starting 

compositions and white stars, the end compositions for the model) and open-system oxygen-isotope  

models (red curves; black dot shows starting composition for the model; after    

               

assimilated crust. The percentages of crystallization for two hypothetical, hybrid magmas are indicated 

along each curve. Samples without magnetite are shown with plus signs (white plus sign for samples 

from Central plutonic belt aeromagnetic lows). Cpb = Central plutonic belt, Epb = Eastern plutonic belt, 

ERd = Ellice River domain, Wpb = Western plutonic belt.
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Isotopic constraints on basement to early

Thelon tectonic zone plutonic rocks
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Figure 13.    18O (in parts 

per thousand relative to V-SMOW) versus lon-

gitude across the Thelon tectonic zone (Ttz), 

        

ca. 1.9 Ga leucogranites. Note that plutonic rocks 

in the central portion of the Thelon tectonic zone  

   18O
WR

. Cpb = Central plutonic belt, 

Elb = Eastern leucogranite belt, Epb = Eastern  

plutonic belt, ERd = Ellice River domain, 

Mlb = Main leucogranite belt, Wpb = Western  

plutonic belt; grt = garnet.
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Figure 14.    18O (in parts per thousand relative to V-SMOW) versus 


Nd
              

and mantle (plus symbols indicate samples without magnetite). Average 
Nd
   

Lake domain (OLd) also applies to Boothia terrane (Bt) and Dharwar Craton (Dh; Dey, 2013). 

           

            

assimilation of evolved sedimentary rocks (path B); and variable admixture of Archean crust with 

oxygen-isotope composition similar to Thelon tectonic zone plutonic rocks (path C). Unusually 

low values of 18O
WR

 for two samples indicate a history of hydrothermal alteration. Cpb = Central  

plutonic belt, Elb = Eastern leucogranite belt, Epb = Eastern plutonic belt, ERd = Ellice River domain, 

QMB = Queen Maud Block, Mlb = Main leucogranite belt, Wpb = Western plutonic belt; grt = garnet.
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Figure 15.   
Nd

 (2000 Ma) with respect to geographic location (longitude) 

            

to approximate an east-west cross-section. Cpb = Central plutonic belt, Epb = Eastern 

plutonic belt, ERd = Ellice River domain, Wpb = Western plutonic belt.
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Figure 16. Schematic representation of 

model 1 (in part modi ed from  

      

evolution of the central Thelon tectonic zone:  

a) collision of the Thelon tectonic zone base-

ment (bTtz) and Queen Maud Block (QMB)  

at ca. 2.41 Ga following east-dipping sub-

duction and ca. 2.3 Ga magmatic accretion 

      

present-day McDonald Fault; b) extensional 

         

      

2.09 Ga deposition of Ellice River domain 

(ERd) assemblage 1, and ca. 2.07 to 2.06 Ga 

Thelon tectonic zone plutonism; c) east-dipping 

subduction producing arc magmatism in Thelon 

      -

sion of Booth River alkaline complex (BRc), 

exhumation and erosional exposure of Booth 

River complex prior to deposition of Kimerot 

Platform, and opening of back-arc basin in 

Thelon tectonic zone basement (ancestral 

basin to Main leucogranite belt (Mlb)); d) col-

lision of Slave Craton and Thelon tectonic 

zone basement at 1.97 Ga, deposition of Bear 

Creek Group in foreland basin, and 1.96 to 

       

plutonism; e) crustal thickening, regional 

high-temperature metamorphism, leucogran-

ite formation, thrust emplacement of Eastern 

plutonic belt (Epb) on Queen Maud Block, fol-

lowed by exhumation and erosion of Thelon 

tectonic zone plutonic rocks into assem-

blage 2 sediments. Cpb = Central plutonic belt, 

DLd = Duggan Lake domain, OLd = Overby 

Lake domain, Wpb = Western plutonic belt.
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Figure 17. Schematic representation of model 2 illustrating six time periods in the tectonic evolution of the central 

Thelon tectonic zone: a) collision of Thelon tectonic zone basement (bTtz) and Queen Maud Block (QMB) at  

ca. 2.41 Ga following east-dipping subduction and collision of Slave Craton and Thelon tectonic zone basement at 

ca. 2.3 Ga following east-dipping subduction; b)            

                 

           c)     

               -

tion of Ellice River domain (ERd) assemblage 1 (yellow) in retro-arc or back-arc setting; d)   

leading to Thelon tectonic zone continental arc magmatism via west-dipping subduction beneath composite Slave 

              

                 

e)               

further growth of accretionary wedge; f)              

1.94 Ga, slab failure, crustal thickening, burial of accretionary wedge and pelagic sediments on the boundary between 

the Thelon tectonic zone and Queen Maud Block, regional high-temperature metamorphism, leucogranite formation, 

thrust emplacement of Eastern plutonic belt (Epb) on Queen Maud Block, followed by exhumation and erosion of 

Thelon tectonic zone plutonic rocks into assemblage 2 sediments. Cpb = Central plutonic belt, DLd = Duggan Lake 

domain, Wpb = Western plutonic belt.
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Overview of the geology of the Montresor belt, 
Nunavut

J.A. Percival1*, V. Tschirhart1, and W.J. Davis1

Percival, J.A., Tschirhart, V., and Davis, W.J., 2024. Overview of the geology of the Montresor belt, 

Nunavut; in Canada’s northern shield: new perspectives from the Geo-mapping for Energy and Minerals 

program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological Survey of Canada, 
Bulletin 612, p. 159–162. https://doi.org/10.4095/332498

Abstract: The Montresor belt, Nunavut, was originally described as a synform of Paleoproterozoic 

metasedimentary rocks resting unconformably on Archean basement. Heterogeneous units of the  

lower Montresor group are imbricated with granitoid basement units. In the more homogeneous upper  

Montresor group, aeromagnetic patterns are interpreted to re ect distal polyphase deformation during the 

Trans-Hudson Orogeny, several phases of which have been recognized in the Montresor belt.

Résumé : La ceinture de Montresor, au Nunavut, a été décrite à l’origine comme une synforme de 

roches métasédimentaires du Paléoprotérozoïque reposant en discordance sur un socle archéen. Les unités 

hétérogènes du groupe de Montresor inférieur sont imbriquées avec des unités granitoïdes du socle. Dans 

le groupe de Montresor supérieur, plus homogène, les con gurations aéromagnétiques seraient le re et

des e ets distaux de la déformation polyphasée associée à l’orogenèse trans-hudsonienne, dont plusieurs

phases ont été reconnues dans la ceinture de Montresor.

1Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario  K1A 0E8
*Corresponding author: J.A. Percival (email: john.percival@nrcan-rncan.gc.ca)

Manuscript accepted December 8, 2022
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Figure 1. Generalized geology of the Montresor belt underlain by a reduced-to-pole, total  eld aeromagnetic map. Upper Montresor

group is transparent. Locations a, b, and c refer to ongoing work described in text. Inset: black units are Rae cover sequence and

probable correlative sequences: A = Amer belt; K = Ketyet River belt; M = Montresor belt; QMB = Queen Maud Block; TTZ = Thelon

tectonic zone.
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Geology and metallogeny of the northeast Thelon Basin 
region, Nunavut, and comparison with the Athabasca 
Basin, Saskatchewan

C.W. Je erson1*, S.J. Pehrsson1, V. Tschirhart1, T.D. Peterson1, L.B. Chorlton1,  
K.M. Bethune2, J.C. White3, W.J. Davis1, V.J. McNicoll1, R.C. Paulen1, and  
N. Rayner1

Je erson, C.W., Pehrsson, S.J., Tschirhart, V., Peterson, T.D., Chorlton, L.B., Bethune, K.M., White, J.C., Davis, W.J.,

McNicoll, V.J., Paulen, R.C., and Rayner, N., 2024. Geology and metallogeny of the northeast Thelon Basin region,
Nunavut, and comparison with the Athabasca Basin, Saskatchewan; in Canada’s northern shield: new perspectives

from the Geo-mapping for Energy and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival;

Geological Survey of Canada, Bulletin 612, p. 163–281. https://doi.org/10.4095/332499

Abstract: Based on extensive remapping of the northeast Thelon Basin region in Nunavut, uranium exploration cri-
teria are adapted from those of the Athabasca Basin in Saskatchewan, as basin-speci c paradigms. The Athabasca Basin

straddles the Rae and Hearne cratons and the Taltson magmatic zone, whereas the Thelon Basin rests entirely within

the Rae Craton. In the Athabasca Basin, four unconformity-bounded siliciclastic sequences with di erent paleocurrents 
record a complex depositional history, whereas the Thelon Formation is a single, albeit cyclic siliciclastic unit with uni-

modal paleocurrents.Beneath theAthabascaBasin, amphibolite-grade, conductivegraphitic-pyritic-Paleoproterozoicunits 
localize all major deposits. Conductor analogues below theThelonBasin are barren, impermeable, black slate of anchizone

to lower-greenschist-facies grade. Instead, the Thelon uranium deposit host rocks are Neoarchean pyritic greywacke and

epiclastic rocks that range in metamorphic grade from lower- to upper-amphibolite facies. Similar mineralogical sources,

saline brines, alteration ( uorapatite, aluminum-phosphate-sulphate minerals, chlorite, clays, and desilici cation), and

reactivated intersecting faults focused unconformity-type uranium mineralization in each basin. Previously published

ages for pre-ore  uorapatite cements of the Athabasca and Thelon basins (1638 versus 1688 to 1667 Ma, respectively)
rea rm their independent diagenetic–hydrothermal histories.

Résumé : En se fondant sur une recartographie étendue de la partie nord-est de la région du bassin de Thelon, au 
Nunavut, nous avons adapté les critères d’exploration de l’uranium propres au bassin d’Athabasca, en Saskatchewan,

pour qu’ils soient spéci ques aux particularités du bassin de Thelon. Le bassin d’Athabasca chevauche les cratons de Rae

et de Hearne ainsi que la zone magmatique de Taltson, alors que le bassin de Thelon repose entièrement à l’intérieur des

limites du craton de Rae. Dans le bassin d’Athabasca, quatre séquences silicoclastiques délimitées par des discordances

révélant des paléocourants variables témoignent d’une histoire sédimentaire complexe, alors que la Formation de Thelon 
est une unité silicoclastique unique, bien que cyclique, dévoilant des paléocourants unimodaux. Tous les grands gisements 
situés sous le bassin d’Athabasca sont con nés à des unités graphitiques-pyriteuses conductrices, qui sont métamorphi-
sées au faciès des amphibolites et remontent au Paléoprotérozoïque. Des zones conductrices analogues sous le bassin

de Thelon sont formées d’ardoise noires stériles, imperméables, qui présentent un degré de métamorphisme variant de

l’anchizone au faciès des schistes verts inférieur. Par ailleurs, les roches hôtes des gîtes d’uranium du bassin de Thelon

sont des grauwackes pyriteux et des roches épiclastiques du Néoarchéen dont le degré de métamorphisme varie de la par-
tie inférieure à la partie supérieure du faciès des amphibolites. Des sources minéralogiques, des saumures salines et des

altérations ( uorapatite, minéraux de phosphate-sulfate d’aluminium, chlorite, argiles et désilici cation) semblables ainsi

que des failles transversales réactivées ont concentré la minéralisation uranifère de type gîte associé à une discordance

dans chaque bassin. Les âges publiés antérieurement pour les ciments de  uorapatite antérieurs à la minéralisation dans

les bassins d’Athabasca et de Thelon (1638 Ma dans le premier cas et de 1688 à 1667 Ma dans le second) con rment de

nouveau l’indépendance de l’histoire diagénétique-hydrothermale de chacun des bassins.

1Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A 0E8
2Department of Geology, University of Regina, 3737 Wascana Parkway, Regina, Saskatchewan S4S 0A2
3Department of Geology, University of New Brunswick, P.O. Box 4400, Fredericton, New Brunswick E3B 5A3
*Corresponding author: C.W. Je erson (email: charlie.je erson@nrcan-rncan.gc.ca)

Manuscript accepted February 3, 2021
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Figure 1. Context of the Dubawnt Supergroup (brown, green, and yellow units within the bold red 

outline of Fig. 2), whose stratigraphy is detailed in Figure 4a. Its lower unit, the Baker Lake Group (dark 

brown), hosts the Lac Cinquante uranium deposit (labelled) and roughly equates to the Martin group 

north of the Athabasca Basin. The middle, Wharton Group (pale green) includes the volcanic (volc.) 

component of the 1.75 Ga Kivalliq igneous suite that also has equivalents beneath the Athabasca 

Basin. The upper, Barrensland Group (yellow)  lls the Thelon Basin, roughly equivalent to the

Athabasca Basin. Numbered blue circles are geochronology sites outside of Figure 2 that are listed in 

Table 2. Asterisk (*) denotes 1.75 Ga Nueltin granite pancakes overlying Snowbird tectonic zone faults 

and fault intersections. Adapted from Je erson et al. (2013), with selected data from Sanborn-Barrie

et al. (2014), Lawley et al. (2016), Regis et al. (2017), Wodicka et al. (2017), Therriault et al. (2018),

and Therriault (2019).
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De nitions of geological areas of focus and

terminology
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Figure 2. Geology and selected mineral occurrences of the Dubawnt Supergroup region, Nunavut (geology 

after Tella et al., 2005; Rainbird et al., 2007; Je erson et al., 2011c; Pehrsson et al., 2014a; and Skulski et al.,

2018). Uranium occurrences are labelled in the most detailed  gures that show them; Boomerang Lake (BL),

Lac Cinquante (LC), Screech Lake (SL) are shown here. In unit legend and on map, Woodburn Lake group (W) 

is represented undivided, except the Rumble (Ru) and Aberdeen assemblages; the latter is part of the Marjorie

(M) terrane, shown undivided here. Also shown are the Hearne Craton (H) and Snow Island suite (SIs). Faults 

are labelled in the more detailed  gures, except those in upper left legend. Numbered blue circles outside the

area of Figure 3a (red rectangle) are geochronology sites listed in Table 2. Asterisk (*) denotes 1.75 Ga Nueltin

granite pancakes overlying faults. Shading in NTS key = study area.



166

GSC Bulletin 612

F
ig

u
re

 3
. 

a
)
G
e
o
lo
g
y
a
n
d
m
in
e
ra
lo
c
c
u
rr
e
n
c
e
s
o
f
th
e
A
b
e
rd
e
e
n
S
u
b
b
a
s
in
re
g
io
n
(g
e
o
lo
g
y
s
im
p
li 
e
d
fr
o
m
A
rc
G
IS
©
g
e
o
d
a
ta
b
a
s
e
(C
.W
.
J
e
 
e
rs
o
n
a
n
d
L
.B
.
C
h
o
rl
to
n
,

w
o
rk
in
p
ro
g
re
s
s
,
2
0
2
3
))
.
B
la
c
k
re
c
ta
n
g
le
o
u
tl
in
e
s
th
e
a
re
a
s
o
u
th
o
f
A
b
e
rd
e
e
n
L
a
k
e
th
a
t
w
a
s

m
o
d
i 

e
d

fr
o
m
H
u
n
te
r
e
t
a
l.
(2
0
1
8
).
T
h
e
a
re
a
s
o
u
th
a
n
d
w
e
s
t
o
f
th
a
t

re
c
ta

n
g

le
 i

s
 p

re
d
ic

ti
v
e

ly
 m

a
p
p

e
d
 u

s
in

g
 a

e
ro

m
a
g

n
e
ti
c
 d

a
ta

 (
a

ft
e

r 
L
e
C
h
e
m
in
a
n
t
e
t
a
l.
,
1
9
8
3
).
G
e
o
lo
g
y
p
ro
je
c
te
d
b
e
n
e
a
th
T
h
e
lo
n
F
o
rm
a
ti
o
n
is

a
ft
e

r 
T
s
c
h
ir

h
a
rt

 e
t 

a
l.
(2
0
1
7
).
G
e
n
e
ra
liz
e
d
m
a
p
-u
n
it
le
g
e
n
d
is
in
lo
w
e
r
ri
g
h
t;
g
ra
n
it
o
id
g
n
e
is
s
a
n
d
in
tr
u
s
iv
e
u
n
it
c
o
d
e
s
e
x
p
la
in
e
d
in
u
p
p
e
r
le
ft
in
s
e
t.
T
h
e
re
la
ti
o
n
s
h
ip
s
b
e
tw
e
e
n
th
e

W
o
o
d
b
u
rn
L
a
k
e
g
ro
u
p
(W
L
g
),
A
b
e
rd
e
e
n
a
s
s
e
m
b
la
g
e
(A
b
e
rd
.)
,
M
a
rj
o
ri
e
te
rr
a
n
e
(M
a
rj
o
ri
e
),
a
n
d
S
n
o
w
Is
la
n
d
s
u
it
e
(S
Is
)
a
re
e
x
p
la
in
e
d
in
th
e
te
x
t
(W
o
o
d
b
u
rn
L
a
k
e

g
ro
u
p
in
c
lu
d
e
s
th
e
A
b
e
rd
e
e
n
a
s
s
e
m
b
la
g
e
).
D
y
k
e
a
n
d
fa
u
lt
le
g
e
n
d
is
in
s
o
u
th
w
e
s
t
c
o
rn
e
r.
L
e
g
e
n
d
fo
r
m
in
e
ra
l
o
c
c
u
rr
e
n
c
e
s
a
n
d
In
u
it
-o
w
n
e
d
la
n
d
is
in
n
o
rt
h
e
a
s
t

c
o
rn
e
r,
w
it
h
s
e
le
c
te
d
m
in
e
ra
l-
o
c
c
u
rr
e
n
c
e
la
b
e
ls
.
U
n
it
la
b
e
ls
fo
r
th
e
K
ig
g
a
v
ik
u
ra
n
iu
m
e
x
p
lo
ra
ti
o
n
a
re
a
a
re
in
F
ig
u
re
8
.
N
u
m
b
e
re
d
b
lu
e
c
ir
c
le
s
a
re
g
e
o
c
h
ro
n
o
lo
g
y

s
it
e
s
lis
te
d
in
T
a
b
le
2
.
N
u
m
b
e
re
d
re
d
re
c
ta
n
g
le
s
o
u
tl
in
e
th
e
a
re
a
s
o
f
d
e
ta
ile
d
 
g
u
re
s
.
S
m
a
ll
re
d
tr
ia
n
g
le
la
b
e
lle
d
0
4
7
b
e
tw
e
e
n
K
ig
g
a
v
ik
a
n
d
B
a
k
e
r
L
a
k
e
B
a
s
in
is

s
ta
ti
o
n
1
0
P
T
A
-0
4
7
,
a
m
in
o
r
g
o
ld
m
e
ta
llo
te
c
t
(s

e
e

 ‘
P
h
a
n
e
ro
z
o
ic
s
tr
a
ta
’s
e
c
ti
o
n
).
o
/c
=
o
u
tc
ro
p
.





C.W. Je erson et al.

F
ig

u
re

 3
. 

(c
o

n
t.

) 
b

)
D
is
tr
ib
u
ti
o
n
o
f
N
e
o
a
rc
h
e
a
n
s
u
p
ra
c
ru
s
ta
l
ro
c
k
s
in
th
e
n
o
rt
h
e
a
s
t
T
h
e
lo
n
B
a
s
in
re
g
io
n
,
in
th
e
s
a
m
e
a
re
a
a
s
in
F
ig
u
re
3
a
.
T
h
e
u
n
d
iv
id
e
d

e
a
rl
y
P
a
le
o
p
ro
te
ro
z
o
ic
s
tr
a
ta
a
re
s
h
o
w
n
fo
r
c
o
n
te
x
t,
a
s
a
re
th
e
e
d
g
e
s
o
f
T
h
e
lo
n
F
o
rm
a
ti
o
n
o
u
tc
ro
p
a
re
a
s
a
n
d
s
e
le
c
te
d
m
a
jo
r
s
tr
u
c
tu
re
s
th
a
t
s
e
p
a
ra
te
s
o
m
e

W
o
o
d
b
u
rn
L
a
k
e
g
ro
u
p
a
s
s
e
m
b
la
g
e
s
fr
o
m
o
th
e
rs
.
C
o
lo
u
rs
u
s
e
d
to
d
is
ti
n
g
u
is
h
th
e
a
s
s
e
m
b
la
g
e
s
d
i 
e
r
fr
o
m
th
o
s
e
in
F
ig
u
re
s
3
a
a
n
d
4
a
,
b
u
t
th
e
a
rr
a
n
g
e
m
e
n
t

o
f
a
s
s
e
m
b
la
g
e
b
o
x
e
s
in
th
e
le
g
e
n
d
o
n
lo
w
e
r
ri
g
h
t
is
s
im
ila
r
to
th
e
lo
w
e
r
p
a
rt
o
f
F
ig
u
re
4
a
.
T
h
e
n
o
rt
h
e
a
s
te
rn
p
o
rt
io
n
o
f
th
e
P
ip
e
d
re
a
m
a
s
s
e
m
b
la
g
e
a
ro
u
n
d

W
o
o
d
b
u
rn
L
a
k
e
w
a
s
e
x
tr
a
p
o
la
te
d
fr
o
m
th
e
M
e
a
d
o
w
b
a
n
k
R
iv
e
r
B
e
lt
u
s
in
g
a
e
ro
m
a
g
n
e
ti
c
d
a
ta
;
it
is
h
ig
h
ly
m
e
ta
m
o
rp
h
o
s
e
d
a
n
d
m
a
y
in
c
lu
d
e
th
e
W
a
d
in
g

 

a
n
d
N
o
rt
h
M
e
a
d
o
w
b
a
n
k
a
s
s
e
m
b
la
g
e
s
.
Ir
o
n
-f
o
rm
a
ti
o
n
c
o
n
 
g
u
ra
ti
o
n
s
a
re
m
a
in
ly
fr
o
m
a
e
ro
m
a
g
n
e
ti
c
d
a
ta
.
Ir
o
n
-f
o
rm
a
ti
o
n
s
h
o
w
n
o
u
ts
id
e
o
f
th
e
N
e
o
a
rc
h
e
a
n

s
u
p
ra
c
ru
s
ta
l
o
u
tc
ro
p
re
g
io
n
s
is
in
te
rp
re
te
d
b
e
n
e
a
th
S
n
o
w
Is
la
n
d
s
u
it
e
s
h
e
e
ts
o
r
s
e
d
im
e
n
ta
ry
c
o
v
e
r
s
tr
a
ta
,
o
r
fo
rm
s
s
ig
n
i 
c
a
n
t
a
g
m
a
ti
te
in
m
a
rg
in
a
l
z
o
n
e
s
o
f

d
e
e
p
S
n
o
w
Is
la
n
d
s
u
it
e
in
tr
u
s
io
n
s
(e
.g
.
J
u
d
g
e
S
is
s
o
n
s
p
lu
to
n
).
S
e
v
e
ra
l
o
u
tl
ie
rs
o
f
th
e
K
e
ty
e
t
R
iv
e
r
B
e
lt
(K
)
a
re
a
ls
o
s
h
o
w
n
.





GSC Bulletin 612

F
ig

u
re

 3
. 

(c
o

n
t.

) 
c

) 
F

a
u

lt
s
 a

n
d

 1
.7

5
 G
a
ri
n
g
s
tr
u
c
tu
re
s
o
f
th
e
A
b
e
rd
e
e
n
S
u
b
b
a
s
in
re
g
io
n
in
th
e
s
a
m
e
a
re
a
a
s
F
ig
u
re
s
3
a
a
n
d
3
b
.
F
a
u
lt
s
a
re
c
o
lo
u
r
c
o
d
e
d
to

th
e
R
ie
d
e
l-
s
h
e
a
r
s
c
h
e
m
a
(l
o
w
e
r
le
ft
,
e
x
p
la
in
e
d
in
F
ig
.
9
a
n
d
te
x
t)
.
T
h
e
a
re
a
s
o
f
S
n
o
w
Is
la
n
d
s
u
it
e
s
e
le
c
ti
v
e
ly
s
h
o
w
n
h
e
re
a
re
m
a
in
ly
la
te
ra
lly
e
x
te
n
s
iv
e
te
c
to
n
ic

s
h

e
e

ts
, 
in

c
lu

d
in

g
 k

lip
p
e
, 

in
 t
h

e
 o

rd
e
r 

o
f 
h

u
n

d
re

d
s
 o

f 
m

e
tr

e
s
 t
o
 s

e
v
e

ra
l 
k
ilo

m
e

tr
e
s
 t
h

ic
k
. 
K

is
 =

 K
iv

a
lli

q
 i
g

n
e

o
u
s
 s

u
it
e
, 
O

ls
 =

 O
rd

o
v
ic

ia
n

 l
im

e
s
to

n
e

.





C.W. Je erson et al.

F
ig

u
re

 3
. 

(c
o

n
t.

) 
d

)
R
e
s
id
u
a
l
to
ta
l
 
e
ld
m
a
g
n
e
ti
c
c
o
m
p
ila
ti
o
n
o
f
th
e
s
tu
d
y
a
re
a
a
n
d
s
u
rr
o
u
n
d
in
g
re
g
io
n
,
c
o
m
p
ile
d
b
y
th
e
th
ir
d
a
u
th
o
r.
T
h
e
m
in
im
u
m
la
b
e
lli
n
g

o
f
s
e
le
c
te
d
fe
a
tu
re
s
a
llo
w
s
u
s
e
rs
to
c
o
m
p
a
re
th
is
m
o
s
tl
y
g
e
o
p
h
y
s
ic
a
l
im
a
g
e
w
it
h
th
e
g
e
o
lo
g
ic
a
l
m
a
p
s
o
f
F
ig
u
re
s
3
a
–
c
;

s
e

e
F
ig
u
re
3
a
fo
r
le
g
e
n
d
(l
a
rg
e
w
h
it
e

re
c
ta
n
g
le
s
h
o
w
in
g
s
tu
d
y
a
re
a
;
o
th
e
r
re
c
ta
n
g
le
s
lo
c
a
te
F
ig
u
re
s
6
,
7
,
8
,
a
n
d
1
0
).
S
e
le
c
te
d
a
s
p
e
c
ts
o
f
th
is
 
g
u
re
a
re
u
s
e
d
to
e
x
p
la
in
c
e
rt
a
in
m
a
p
in
te
rp
re
ta
ti
o
n
s

d
is

c
u
s
s
e

d
 i
n

 t
h
e

 t
e

x
t.
 A

b
e
rd

. 
=

 A
b
e

rd
e
e

n
, 
g

ra
n
. 
=

 g
ra

n
it
o
id

.





GSC Bulletin 612

        

           

          NW, 
           
         
       

        

        

        

  

        

           

        

           

        

        

          

         

        

        

          

       

        

        

         

        

       
    see      

       

         

         

         

         

        

        

         

         

          

         

           

       

         see 
      

         

        

       

           
         

           
       

         

        

         

        

        

     

         

      

       

         

          
      

        

       

         

          

          

        

        

       

         

     see  

       

         

    

       

        

         
           

         

      

          

        

        

        

       

            

         

Figure 4. a) Stratigraphic column (not to scale) of the northeast Thelon Basin region (Fig. 2, 3a). The upper portion,

‘Northeast Thelon Basin region’ outlines the Dubawnt Supergroup within the area of Figure 2. The middle portion,

‘Amer group, Naujatuuq to Amer Lake (after Je erson et al., 2023), applies to the northern portion of Figures 3a–c,

with correlation notes pertaining to the Ketyet River Belt (southern portion of Fig. 3a, b) and the Montresor Belt

(northern portion of Fig. 2, 3a, b). The lower portions: ‘Snow Island suite’, ‘Woodburn Lake group’, and ‘Crystalline

gneiss units’, apply to the entire study region (Fig. 2, 3a) and include new data from Hunter et al. (2018) for the

Aberdeen assemblage of the Woodburn Lake group. The Marjorie terrane is de ned in the text. The four Woodburn

Lake group assemblages on the left are in geochronological and structural order, whereas those on the right are too 

poorly known or too complex to place in order. Tables 1 and 2 provide descriptions and references for all of these 

units and correlations, with selected aspects discussed further in the text. BIF = banded iron-formation, Gt = Granite

thrust, MbRd = Meadowbank River deformation zone.





C.W. Je erson et al.





GSC Bulletin 612

        

         



        

        

        

        

        
       

        

          

        

see      

      

         

       

       

        

         

      

       

    

         

       

        

         

        

         

         

        

        

      

    

          

  see      



     

        

         

        

        

      

  see    

       
         
     
         

         
          



Terminology

    

        

         

      

        

         

         

      

       

         

      

       

          

Figure 4. (cont.) b) Structural-stratigraphic schema for the  rst two major folding

events (F
P1

 and F
P2
) in the northeast Thelon Basin region (Fig. 2, 3a). For explana-

tion of how this schema helps di erentiate the early Paleoproterozoic stratigraphic

sequences Ps1, Ps2, and Ps3 from Ps4 shown in part a), see ‘Structure and 

metamorphism’ section. 
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Site Fig. no. Age ± error*

Method ± 

mineral

Rock type,  

unit name

Geographic location, 

structural setting References**

59 3a
Ca. 448 Ma (late

Ordovician)
Paleontology

Limestone:  nely

crystalline,  aggy,

fossiliferous

Outlier on Thelon 

Formation, ~55 km 

north of Aberdeen 

Lake

Upper Maysvillian to

Richmondian age by Bolton and

Nowlan (1979) on two samples

of Donaldson (1965)

58 n.a. 1.28–1.27 Ga U-Pb zircon

Diabase dykes 

(Mackenzie 

igneous event)

Clusters of 140° faults

across entire area

LeCheminant and Heaman 

(1989), Buchan and Ernst

(2013)

57 8a 1.4 Ga U-Pb uraninite
Lone Gull 

uranium deposit

Kiggavik U camp (same

granite as site 49)
Fuchs and Hilger (1989)

56 3a 1434 ± 23 Ma
Sm–Nd

errorchron 

Ca. 1.75 Ga 

vein quartz reset 

metasomatically

3 phase quartz veins

at Mallery Lake cutting 

Pitz Formation

Turner et al. (2003);

reinterpreted by Peterson et al.

(2015a)

55 1
1.74–1.59 Ga and  

1453 ± 18 Ma
U-Pb uraninite

Uraninite veins at

Port Radium–

Eldorado deposit

East shore of Great 

Bear Lake. Veins cut 

1.74 Ga dykes, in turn 

cut by 1.74 Ga sills

Gandhi et al. (2018)

54 2 1540 ± 30 Ma
SIMS U-Pb

baddelyite

Ultrapotassic

ma c  ow

(Kuungmi 

Formation)

Centre of Thelon 

Basin, overlies 

Lookout Point Fm

dolostone

JP07-63C; Chamberlain et al.

(2010)

53 1 1638 ± 5 Ma U-Pb apatite

U-rich  uorapatite

cement, multiple 

sites

Up to and including

Wolverine Point Fm,

Athabasca Basin

Rainbird et al. (2003b);  

JP03-03/z8406, DDH HK12;

Davis et al. (2011)

52 1 1644 ± 13 Ma U-Pb zircon

Felsic tu 

(Wolverine Point

Fm)

Central Athabasca 

Basin
Rainbird et al. (2003b, 2007)

51 3a 1667 ± 5 Ma U-Pb apatite

U-rich  uorapatite

cement from 5 

sites

Aberdeen Subbasin, 

in sandstone and at 

unconformity

Davis et al. (2011) (multiple

samples); is it coeval with

Kiggavik apatite cut by U
3
O
8
?

50 2 1688 ± 14 Ma U-Pb apatite

U-rich  uorapatite

cement; replaced

by tristramite

Boomerang Lake 

prospect; BL-83-21,

98.91 m; no U
3
O
8

Davidson and Gandhi (1989),

Beyer et al. (2010),  

Davis et al. (2012)

49 8a
1748 ± 9.4 Ma;

1806 ± 41 Ma
U-Pb zircon

Lone Gull granite 

stock, two 

textural domains 

(mineralized 

Hudson and 

Nueltin granite)

Kiggavik Main Zone 

(uranium); 17.3 and

75.5 m in DDH 

09PHAJ39/z10064 and

08JP052A/z10068;  

Scott et al. (2015)

48 8a
1758.5 ± 44 and

1837.8 ± 7.7 Ma

U-Pb titanite;

zircon

Porphyritic

hypabyssal 

Martell syenite 

intruding western 

Pipedream

assemblage

Bong DDH 49 at

145 m (under Bong 

uranium deposit)

10JP-116a, z-10647; Scott

et al. (2015): 1758.5 Ma from 

metasomatic titanite, 1837.8 Ma 

from magmatic zircons

47 2 1785 ± 3 Ma Pb-Pb calcite

Calcite travertine              

(upper Kunwak 

formation)

 Top of conglomeratic 

sandstone in Baker 

Lake Basin

89PHA-40; z5601;  

Rainbird et al. (2006)

46 1

1808 ± 2 and  

1837 ± 7 Ma 

(same site) 

U-Pb zircon

Massive to 

mylonitized 

granite (Hudson 

suite)

‘Base Camp granite’

intrudes, and is cut by, 

Wager shear zone at 

Paliak Islands

1808 ± 2 Ma: 5-HAS-94-2;

Henderson and Roddick

(1990). 1837 ± 7 Ma: 16WGA-

M047A01; Therriault et al.

(2018)

45 6 1835 ± 1 Ma
U-Pb

monazite

Coarse-grained,

massive granite 

(Hudson suite)

3 m E-trending dyke

cuts wacke NE of 

Amarulik Lake

91HSA-2/z2594;  

Roddick et al. (1992)

Table 2. Selected geochronology in the southern portion of the Aberdeen Subbasin region and some key representative 
ages in the northern Canadian Shield. Site locations are in the most detailed maps for those locations, keyed by site number 
(column 1) to  gure number (column 2). Blue circles with these site numbers show these locations in the relevant  gures.
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Site Fig. no. Age ± error*

Method ± 

mineral

Rock type,  

unit name

Geographic location, 

structural setting References**

44 8a 1839.7 ± 9.3 Ma U-Pb zircon

Syenogranite, 

Schultz Lake 

intrusive complex                

(Hudson suite)

Extensive 200 m thick

granodiorite to syenite 

slab intrudes Aberdeen 

assemblage.

09PHA-018/z10067;  

Scott et al. (2015)

43 8a 1840 ± 11 Ma
U-Pb zircon,

titanite

Small 

monzogranite 

plug (Hudson 

suite)

Granite Grid area, 

northwest of Bong 

deposit 

09PHA-J33A/z10066z;  

Scott et al. (2015)

42a, b 1, 3a
<1923.8 ± 5.9 Ma;

<1.95 Ga

U-Pb detrital

zircon

Pink arkosic

sandstone 

with detrital 

magnetite; black

carbonaceous 

quartzite

NE-central Montresor

belt, upper unit; Sand

belt conductor, margin 

of Aberdeen Subbasin

z11290, Percival et al. (2017);

z7806, Rainbird et al. (2010)

respectively

41a, b, 

c, d
3a

<1.90, 1.91, 1.92,

and 2.06 Ga

U-Pb detrital

zircon

Pink, red, brown

and tan arkose, 

Amer  group 

(sequence Ps4)

N-central, central

Medial zone, NE 

oval and along Amer 

mylonite zone, Amer 

Belt  

z8983 and z8985 (Rainbird  

et al., 2010); 10JP009/z10511

and 10JP056/z10513 (Davis,

2021) respectively

40 6 <2.05 Ga
U-Pb detrital

zircon

Grey lithic 

sandstone 

in polymict 

conglomerate, 

Tasirjuak Fm 

(sequence Ps4)

NE shore Whitehills 

Lake, in Whitehills 

synform, Ketyet River

Belt

z6465; Rainbird et al. (2010);

‘<2.0 Ga’ of Pehrsson et al.

(2002)

39 7b
<2397 ± 6 Ma ***                   

(1 grain)

U-Pb detrital

zircon 

Dark grey pelitic 

schist with highly 

transposed 

lamination 

(sequence Ps2)

Grey schist belt, 

‘Nipterk lake’ area 

near quartz arenite

10JPM030-B02/z10488; highly

discordant 207Pb/206Pb; all other

grains Archean (McEwan, 2012)

38 6 2153 ± 5 Ma
U-Pb 

baddelyite

Metagabbro 

cutting 

Neoarchean 

greywacke 

(interpreted = 

sequence Ps2

basalt)

NTS 66A, Schultz

Lake, baddeleyite has 

metamorphic zircon 

corona

88-LAA-T73-1/z1465;

LeCheminant and Roddick (one

fraction, unpublished, cited in 

Hadlari et al., 2004)

37 6 <2.50 Ga***
U-Pb detrital

zircon

Polymict

conglomerate 

between quartzite 

and basalt (upper 

sequence Ps1)

NW limb of Whitehills 

F
P2

 synform at river 

draining Whitehills 

Lake

Unknown sample no., analyses 

done at Memorial University;

informal reference in Pehrsson

et al. (2002)

36 6 <2.59 Ga***
U-Pb detrital

zircon

Arenite, green, 

sublithic + 

conglomerate 

(upper sequence 

Ps1)

Core of F
P1

 syncline, 

below basalt, NW of 

Whitehills Lake

z7814; Rainbird et al. (2010);

new mapping: single transition

from quartzite to basalt, 

isoclinally folded

35 8a <2.72 Ga***
U-Pb detrital

zircon

Polymict

monazite-rich

conglomerate 

(upper sequence 

Ps1)

Schultz Lake klippe. 

Ordered here because 

at top of PqzK

08JP066D1/z10512;  

Davis (2021)

34 7a <2623.3 ± 5.0 Ma*** U-Pb zircon

SIs granite 

clast in basal 

conglomerate 

(base of 

sequence Ps1)

Core of Ukalik Lake

synform, granite 

cobble cut out for 

dating

PQB-37-04A/z8405;  

Davis (2021)

Table 2. (cont.)
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Site Fig. no. Age ± error*

Method ± 

mineral

Rock type,  

unit name

Geographic location, 

structural setting References**

33 6 <2598 ± 20 Ma
U-Pb detrital

zircon

Lithic-feldspathic

greywacke 

(sequence A3

of Amarulik 

assemblage)

Northwest portion of 

Amarulik basin, quarry 

on mine road. 

ZB98-132CZ/z5554. Also has

2611 ± 20 and 2639 ± 10 Ma

grains; Davis (2021)

32 3a 2595.7 ± 3 Ma U-Pb zircon

Plagioclase

porphyritic, 

hornblende-

biotite-magnetite

quartz 

monzodiorite 

(SIs)

East edge of small 

lake, on linear 

aeromagnetic high, 

Chantrey mylonite 

zone 

12NKL008/10969; Davis et al.,

2014 (station 12JP105 of this

study). Composition ranges 

from diorite to tonalite.

31b 8a 2603.6 ± 3 Ma U-Pb zircon

Rhyolite, quartz-

K-feldspar-phyric 

(Pukiq Lake

formation)

‘Rhyolite lake’, Granite

Grid east, north of 

Bong deposit, highly 

foliated

11JP373/z10802; Davis (2021)

31a 8a Ca. 2.607 Ga
U-Pb detrital

zircon

Quartz-K-

feldspar-phyric

epiclastic rock                      

(Pukiq Lake

formation)

AREVA DDH GG21,

Granite Grid, hanging 

wall of Bong deposit

12JP040/z10810;  

Appendix A, Figure A-6; plot 

from data of McNicoll (2020)

30 3a 2606 +4/3 Ma U-Pb zircon

Quartz diorite 

to granite with 

agmatite (SIs) 

South of Judge 

Sissons Lake, foliated, 

large domal pluton

J.C. Roddick, unpublished data, 

age no. 2 in Hadlari et al. 

(2004)

29 3a, 6 2608 +28/10 Ma
U-Pb zircon,

discordant

Monzogranite, 

foliated (SIs)

Whale-shaped lake

between Thelon Fault 

and Schultz Lake

A.N. LeCheminant and  

J.C. Roddick, unpublished 

data, age no. 4 in Hadlari et al. 

(2004)

28 2 2610 +11/13 Ma U-Pb zircon

Quartz-K-feldspar

porphyritic dacite 

lapilli tu 

North of Pukiq Lake 

(type locality) 

83LAA-T188/z697;

LeCheminant and Roddick

(1991)

27 3a 2610 +2.7/2.1 Ma U-Pb zircon

Foliated granite, 

porphyry dyke 

apophyses + 

many inclusions 

(SIs)

8.7 km NE of ‘Farside 

lake’; west edge

of Tehek plutonic 

complex, actually 

klippe sheet

ZB96-204AZ/z4587; Davis and

Zaleski (1998); Tehek plutonic

complex after Schau  

et al. (1982)

26 6 2612 ± 4 Ma U-Pb zircon
Coarse unfoliated 

granite (SIs)

Klippe on Woodburn 

Lake group, west side 

of ‘Third Portage lake’

91HSA-2/z2594;  

Roddick et al. (1992)

25 7a 2620 +3/2 Ma U-Pb zircon

Foliated quartz-

K-feldspar

porphyry (SIs)

1.5 km southeast of 

‘Nipterk lake’; dyke

cuts quartzite

z4414 and 4425; Davis and

Zaleski (1998) (ZB96-128AZ)

24 3a 2621 ± 2 Ma U-Pb zircon
Weakly foliated 

granite (SIs)

Klippe on Woodburn 

Lake group, SW 

corner Pipedream

Lake

K406/z1466; Ashton (1988);

2629 ± 2 Ma in Tella (1994)

23 3a
<2.628 Ga and  

ca. 2672 Ga

U-Pb detrital

zircon

Graded epiclastic 

paragneiss 

(Aberdeen 

assemblage)

Between Aberdeen, 

Marjorie, and Mallery

lakes, near sites  

11 and 12 

11JP009/z10807; see  

Appendix A, Figure A-5 for 

relative abundances of ages (plot 

from data of McNicoll, 2020). 

22 7a 2628.7 ± 1.2 Ma U-Pb zircon

Foliated quartz-

K-feldspar-phyric 

rhyolite lapilli 

tu  (Pukiq Lake

Formation)

Isoclinal F1 infold in 

Ketyet River quartzite, 

N corner of F2 

synform, wrapped by 

‘Ukalik lake’

ZB99-042dz/z6326; Zaleski

(2005), Davis et al. (2021)

21 6 2627 ± 1 Ma U-Pb zircon

Felsic porphyry 

sill and tu  (Pukiq

Lake formation)

Transects Tern Lake  

1 km N of 

Meadowbank mine

ZB99-443az/z6388;  

Davis et al. (2021)

Table 2. (cont.)
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mineral

Rock type,  

unit name

Geographic location, 

structural setting References**

20 3a <2.65 Ga
U-Pb detrital

zircon

Greywacke                      

(Rumble

assemblage)

Hosts BIF, volcanic 

and chemical strata, 

Amaruq Au deposit

Valette et al. (2019)

19 3a <2649 ± 10 Ma
U-Pb detrital

zircon

Paragneiss

(Aberdeen 

assemblage)

Upper sequence of

Hunter et al. (2018);

close to Qavvik U

occurrence

GC-204967; psammopelitic

gneiss of Hunter et al. (2018).

Similar to 11JP009

18 3a <2653 ± 14 Ma
U-Pb detrital

zircon

Paragneiss

(Aberdeen 

assemblage)

Supracrustal raft in 

Hudson granite, core 

of Tatiggaq prospect.

GC-204973; psammopelitic

gneiss of Hunter et al. (2018)

17 3a <2654 ± 7 Ma
U-Pb detrital

zircon

Paragneiss

(Aberdeen 

assemblage)

Upper sequence

(Hunter et al. 2018);

~7 km S of site 23

(11JP009)

GC-204952; psammopelitic

gneiss of Hunter et al. (2018).

Close to 11JP009 (no. 23)

16 6 <2.680 Ga
U-Pb detrital

zircon

Quartz-pebbly 

feldspathic 

lithic wacke                                

(sequence A1 

of Amarulik 

assemblage) 

Northeast corner of 

‘Third Portage lake’,

near big basal BIF

PQB-MDB-2011-06/z10574;

Appendix A, Figure A-4; plot 

from data of McNicoll (2020)

15 6 <2.725 Ga***
U-Pb detrital

zircon

Lithic quartz-

feldspar wacke 

(possibly 

sequence A3

of Amarulik 

assemblage)

East corner Amarulik 

basin, on peninsula in 

northern ‘Tasiraraujaq’

ZB98-455AZ/z5556; Davis

(2021), AAMwkq lithology and

geology from Zaleski et al. 

(2005)

14 6 <2769 ± 11 Ma***
U-Pb detrital

zircon

Metagreywacke, 

southeast 

of Amarulik 

Lake (possibly 

sequence A3

of Amarulik 

assemblage)

Southeast of  

site 13 (“metadacite” of

Roddick et al., 1992)

89HSA-74/z1868; 4 discordant

points on discordia diagram by  

Roddick et al. (1992)

13 6
<2739 ± 2;  

<2787 ± 9 Ma***
U-Pb detrital

titanite; zircon

Epiclastic, 

southeast of 

Amarulik Lake 

((?) sequence 

A3 of Amarulik 

assemblage)

‘Metadacite’ of

Roddick et al. (1992)

89HSA-75/z1869; also z3300;

z3299; Roddick et al. (1992)

12 3a 2679.6 ± 2.5 Ma U-Pb zircon

Felsic gneiss                

(Aberdeen 

assemblage)

Middle package of 

Hunter et al (2018),

located near site 23

(11JP009)

GC-204954, felsic gneiss of

Hunter et al. (2018). 150 m SE

of GC-204953

11 3a <2687 ± 7 Ma
U-Pb detrital

zircon

Paragneiss

(Aberdeen 

assemblage)

Middle package of 

Hunter et al. (2018),

located close to site 23

(11JP009)

GC-204953, psammopelitic

gneiss of Hunter et al. (2018).

150 m NW of GC-204954

10 7a <2.686 Ga
U-Pb detrital

zircon

Metagreywacke, 

Jim zone Au 

(Pipedream

assemblage)

Between ‘Ukalik

lake’ and north

Meadowbank River

11PHA041/z10809;  

Appendix A, Figure A-3; plot 

from data of McNicoll (2020)

9 8a <2.686 Ga
U-Pb detrital

zircon

Metagreywacke 

at Kiggavik 

(Pipedream

assemblage 

west)

West side of Kiggavik 

camp (Lone Gull) drill 

camp, part host of U

deposits

11JP398A01/z10808;  

Appendix A, Figure A-2; plot

from data of McNicoll (2020)

Table 2. (cont.)
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Site Fig. no. Age ± error*

Method ± 

mineral

Rock type,  

unit name

Geographic location, 

structural setting References**

8 3a 2695 ± 4 Ma
U-Pb zircon,  

discordant

Syenogranite, 

foliated, 

Chester eld fault

zone

South end of Long 

Lake, NW side of 

Baker Lake Basin

A.N. LeCheminant and  

J.C. Roddick, unpublished 

data, age listed in Hadlari et al. 

(2004)

7 3a, 6 <2.706 Ga
U-Pb detrital

zircon

Metagreywacke                    

(type Pipedream

assemblage)

7 km northeast of 

Meadowbank Au mine;

5.2 km east of Tern 

Lake

10JPM078/z10971;  

Appendix A, Figure A-1; plot 

from data of McNicoll (2020)

6 6 2710 +3.5/2.2 U-Pb zircon

Similar ages on 

same felsic meta-

volcanic rocks       

(Pipedream

assemblage)

8.5 km NNE of North 

Portage BIF and Au

deposit

ZB96-223AZ/z4413; Davis and

Zaleski (1998)

5b 6 2711 ± 3 Ma U-Pb zircon

Blue quartz-

plagioclase-

phyric massive 

dacite                 

(Pipedream

assemblage)

Footwall 400 m E of

North Portage deposit

GC02; z6669; Sherlock et al.

(2004) (upper intercept,  

MSWD = 2.47)

5a 6
2.711 Ga host;

2.717 Ga at fault
U-Pb zircon

Intermediate-

felsic + felsic 

volcaniclastic 

rocks (Pipedream

assemblage)

Meadowbank Au mine;

outcrops and open pits 

Janvier et al. (2015a); Janvier

et al. (2015b; Fig. 2 legend:

2a-2b-2c, 3a =  

2.711 Ga; uncoded =  

2.717 Ga). Concordia diagram 

upper intercept

4 3a
2719 ± 1,  

2718 +3.1/2.2 Ma
U-Pb zircon

Quartz-

plagioclase 

porphyritic 

felsic tu  (North

Meadowbank 

assemblage) 

z5493 south of

quartzite; z5513

between komatiites, 

west of Meadowbank 

River

zb98-449Az/z5493; zb98-

448AZ/z5513, respectively.

Nutiplilik of Zaleski (2005); ages

from Davis et al. (2021)

3 6 2734.2 ± 1.8 Ma U-Pb zircon

Felsic  ows and

tu s in ma c-

dominated 

succession      

(Half Way Hills 

assemblage)

Between Thelon River

and Whitehills synform

zb99-449az/z5918; Davis  

et al. (2021); context Zaleski  

et al. (2005, Map 2069a)

2 3a 2754.4 ± 9.7 Ma U-Pb zircon

Felsic and 

ma c gneiss

(lower Aberdeen 

assemblage)

Lower Aberdeen 

assemblage, west of 

Schultz Lake intrusive 

complex

GC-204970 (felsic gneiss),  

GC-204972 (ma c gneiss);

lower sequence of  

Hunter et al. (2018)

1b 6 2869 ± 6 Ma U-Pb zircon
Sanning tonalite 

as below

Northern part of same 

oval as below

zb00-118cz/z6691;  

Davis et al. (2021)

1a 6 2869 ± 6 Ma U-Pb zircon

Sanning tonalite:

(?)basement 

and/or (?) 2.734

subvolcanic 

intrusion

NE end of ovals 

between Woodburn 

Lake group and 

Whitehills quartzite

zb99-420cz/z5917;  

Davis et al. (2021) (2.87 Ga of

Zaleski et al., 2001b)

* The ordering of samples in this table is by geochronological age where possible, but in the case of obviously inherited zircon,  

e.g. site 42, or detrital zircon suites interpreted as incomplete, e.g. sites 34–37, the position is based on lithostratigraphy.

** z no. is the unique sample identi er in the Canadian Geochronology Knowledgebase (https://www.nrcan.gc.ca/maps-tools-

publications/tools/geodetic-reference-systems/canadian-geochronology-knowledgebase/18211), accessed October 25, 2020.

*** Maximum detrital zircon or clast age is much older than the likely age of host unit (see ‘Methods’ section).

BIF = banded iron-formation, MSWD = mean square of weighted deviates, SIMS = secondary-ion mass spectrometry, SIs = Snow

Island suite

Table 2. (cont.)
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Figure 5. Conglomerate and breccia as key marker units in the Aberdeen Subbasin region, after Je erson et al. 

(2012). Images are in approximate stratigraphic order, with youngest at top right and oldest at bottom right  

(see text for further contextual information). a) Interbedded brick red mudstone and polymict conglomerate, 

a typical facies within the undeformed basal conglomerate assemblage of the Thelon Formation (hammer is 

36 cm long). Photograph by C.W. Je erson. NRCan photo 2020-886. b) Ferricrete breccia: iron-oxide-cemented

postglacial fault talus located near the reactivated Medial fault zone on the northern side of upper Amer Lake. 

Sample collected by D. MacIsaac. Photograph by C.W. Je erson. NRCan photo 2020-881. c) Intraformational 

conglomerate of the Thelon Formation cemented by uranium-bearing  uorapatite (ap) from near Spruce Grove

Lake, in the Beverly Lake area. Photograph by I. Bilot. NRCan photo 2020-882. d) Locally derived nature of the 

polymict basal Thelon Formation conglomerate, with rounded clasts of red hematitized Neoarchean Pipedream

assemblage (Pipe), vein quartz (q), rhyolite of the Pitz Formation (Pitz), and the edge of a large angular block of

silici ed feldspathic quartzite of the Amarook Formation. Photograph by C.W. Je erson. NRCan photo 2020-887. 

e) Upper Pitz Formation: horizontally laminated stratiform chert stromatolite onlapping silcrete breccia at a

microunconformity (arrows) that dips toward the left and represents the edge of a hotspring pool. Columnar 

microstromatolites (s, upper left) grew beside the stratiform stromatolite laminae on upper right. Fragments 

within the siliceous breccia include vein quartz (v), drusy quartz (d), and tiny chert stromatolites (t) like those 

in the overlying pool deposit (see also Fig. 8b, d of Peterson et al., 2015a). Photograph by I. Bilot. NRCan  

photo 2020-883. f) Polymict conglomerate within slate of the lower Tasirjuak formation, the sequence Ps4  

component of the Ketyet River group, exposed between the western shoreline of Whitehills Lake and a ridge

of Ketyet River sequence Ps1 quartzite. Prominent rounded clasts of granitoid gneiss, quartzite, argillite, and

dolostone below the 36 cm hammer are embedded in a compressed framework of larger to smaller,  at, grey

slate and shaly sandstone intraclasts. Photograph by C.W. Je erson. NRCan photo 2020-885. g) Upper part of

polymict conglomerate grading up to salmon red sandstone at the base of Amer sequence Ps4B. Clasts include

well rounded Ayagaq quartzite (Ay) (some predeformed (F
P1

)) and a high proportion of subrounded blocks of 

feldspathic sandstone (fs) resembling the underlying Amer sequence Ps4A strata. Hammer for scale is 34 cm.

Photograph by G.M. Young. NRCan photo 2020-880. h) Basal polymict sequence Ps1 conglomerate, Ketyet

River group, at geochronology site 34 (Table 2, Fig. 7a). Photograph by C.W. Je erson. NRCan photo 2020-890. 

Rectilinear photograph overlay (reoriented from Fig. 4a of Pehrsson et al., 2013a) shows range of clast and

matrix foliations visible prior to cuts in outcrop for removal of granite clast dated at 2.62 Ga; granite clast with

foliation acquired prior to incorporation in this conglomerate is indicated (S
A
). First Proterozoic (S

P1
) and second 

Proterozoic (S
P2
) foliations are so labelled. Photograph by S.J. Pehrsson. NRCan photo 2020-889 i) Polymict

conglomerate at the interface between the sequence Ps1 quartzite and the  rst infold of sequence Ps3 basalt

west of geochronology site 40 (Fig. 6). The normally intervening sequence Ps2  ne-grained siliciclastic unit is not

present at this locality. The grey-green impure quartz arenite matrix is typical of the upper sequence Ps1 quartzite

in the Whitehills Lake area, whereas the common scoria clasts (s) of this outcrop are atypical. Additional clasts not 

shown include vein quartz and Pukiq Lake formation porphyritic rhyolite. Photograph by C.W. Je erson. NRCan

photo 2020-884. j) Dispersed quartz pebbles to cobbles (q) in pale greenish and tan, coarse-grained quartzite,

basal sequence in the Amarulik assemblage (northern sequence A1, geochronology site 16, 2, Fig. 6) Hammer

for scale is 36 cm. Photograph by Y. Shelat. NRCan photo 2020-888
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Previous and parallel studies

         

        

     

          

        

         

          

            

         

      

          
 

      

    

        

       

         

Figure 6. Geology of the Neoarchean Amarulik basin (after Taylor, 1985; Roddick et al., 1992; Henderson and

Henderson, 1994; Hrabi et al., 2003; Hadlari et al., 2004; Pehrsson et al., 2004, 2013a; Sherlock et al., 2004; Zaleski

and Pehrsson, 2005; Shelat et al., 2012a, b; Tschirhart et al., 2011a; LaRocque et al., 2012; Janvier et al., 2015a, b;

L.B. Aspler, A.R. Miller, and A.N. LeCheminant, unpub. comp., 2010). Numbered blue dots locate geochronology sites

listed in Table 2. Faults are either labelled directly or coded as in legend (inset). Labels A1 through A4 denote the 

four sequences of the Amarulik assemblage discussed in the text. Iron-formations in sequence A3a and projected

beneath Snow Island suite (SIs) sheets are interpreted mainly from aeromagnetic data with few outcrop constraints. 

Representative fold axes in quartzite, basalt, and sequence Ps4 units illustrate the degree of structural thickening.

Dashed black and white line trending northwest shows location of schematic, down-plunge-projected, northwest-

southeast cross-section through the Half Way thrust and Whitehills Lake F
P2
synform (upper left inset, below map-unit

legend). cgl. = conglomerate.
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Figure 7. Detailed Archean–Paleoproterozoic geology of the ‘Nipterk lake’–’Ukalik lake’ area lakes area, exported

from ArcGIS® geodatabase (C.W. Je erson and L.B. Chorlton, work in progress, 2023). Numbered blue dots locate

geochronology sites listed in Table 2. Legend for fault and fold symbols appears on Figure 7a. a) Map at 1:50 000

scale of the ‘Ukalik lake’ F
P2

 fold (area outlined in brown after McEwan, 2012) to the ‘Nipterk lake’ washout (red

rectangle detailed in Fig. 7b, c). Pipedream banded iron-formation (BIF) hosted by epiclastic rocks is geophysically

extrapolated beneath a tectonic sheet of Snow Island suite (SIs) along the western side of the map. Complex folds 

involving Pukiq Lake formation rhyolite tu  and Ketyet River group quartzite southwest of ‘Nipterk lake’ (area outlined

by green dashed line) are interpreted from limited ground data, air photographs, and Landsat imagery (remaining 

geology after Zaleski, 2005; Pehrsson et al., 2013a).
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Figure 8. (cont.) b) Legend for Figure 8a.





GSC Bulletin 612

        

    

         

         

        

           

           

     

        

        

      

         

          

        

        

           

      

       

      

          

         



       

     

          

        

        

        

        

        

      

Figure 9. Summary of Riedel-shear ele-

ments in the northeast Aberdeen Subbasin 

region (after Anand and Je erson,

2017a, b), exempli ed in Figures 3c, 7b,

and 8a. a) Riedel elements shown as lines

(qualitative modes) and rose diagrams 

(qualitative relative abundances of orienta-

tions, with approximate ranges labelled in 

degrees). b) Examples of faults and dykes 

occupying Riedel-shear orientations (num-

bers represent approximate ages in Ga). 

Amz = Amer mylonite zone, TF = Thelon 

Fault.
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Figure 10. Detailed geology and cross-section of the Turqavik fault near ‘Rumble lake’. a) Geology of the area 

outlined in Figure 3a (10). A south-southeast–north-northwest cross-section (top inset) transects the Turqavik

fault where the Meadowbank River deformation zone (MbRd) is one of several counterclockwise splays from the

Turqavik fault (Tf splay 1, 2, 3). Geological relationships are described further in the text.
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Attributes Athabasca Thelon 

Uranium-bearing igneous  

basement rocks (names in text)

Snow Island, Hudsonian, and Kivalliq 

granitoid rocks

Snow Island, Hudson, and Kivalliq suite 

granitoid rocks and Pitz Formation

volcanic rocks

Uranium as one element of

polymetalliferous carbonaceous 

metapelite in basement rocks of 

district

In Wollaston Supergroup (Yeo and 

Delaney, 2007). General geographic

spatial association with U deposits,

amphibolite-facies metamorphism

facilitated alteration (Reid et al.,

2014; Reid, 2018).

In Archean Pipedream assemblage

and Paleoproterozoic Amer, Montresor,

Ketyet River, and western belts, but not

associated with U. Slate grade to lower-

greenschist facies. Fine grain size = 

unaltered, therefore tight. 

Stratabound uranium, copper and 

magnetite in sandstone

Cu > U in Janice Lake formation

(Yeo and Delany, 2007; Forum

Energy Metals, 2021)

U > Cu in Showing Lake fm, Amer group

only (Young, 1979; Gandhi et al., 2015;

Je erson et al., 2015, 2023;  

C.W. Je erson, R.H. Rainbird,  

G.M. Young, S.S. Gandhi, J.C. White,  

V. Tschirhart, D. Lemkow, and  

L.B. Chorlton, work in progress, 2023)

Bimodal 1.75 Ga Kivalliq igneous 

suite (Kis) (see silici cation next

row)

Kis yes, but cryptic igneous products 

(Card, 2014; Peterson et al., 2015a).

Abundant granite, minor gabbro, extensive 

diabase dykes, bimodal volcanic strata 

(Peterson et al., 2015a); alteration of

Hudson suite (Scott et al., 2015).

Pre-ore (1.75 Ga) basement

alteration and sur cial silica  

hotsprings associated with Kis

‘Quartzite ridges’ represent long-

lived conduits for  uid  ow (Card,

2014). Chert stromatolite fragments

in  ank breccia (Yeo et al., 2007).

Silici cation 1.75 Ga focused along fault

zones, e.g. Thelon and Judge Sissons. 

Pristine chert stromatolites (Fig. 5e;

Peterson et al., 2015a).

Other favourable basement host 

rocks and events (Thelon names 

explained in text)

Amphibolite- to granulite-facies

grade metasedimentary gneiss of 

Taltson magmatic zone in Carswell 

and Patterson Lake areas.

Greenschist-facies grade pyritic

metagreywacke (Pipedream, Amarulik

assemblages) + felsic epiclastic rocks 

(Pukiq Lake fm) + amphibolite-facies

grade paragneiss (Marjorie terrane)

Matonabbee unconformity 

at base of basin (Gall, 1992)

Deeply paleoweathered: hematitized,

clay altered

Deeply paleoweathered: hematitized, clay

altered

Maximum age of sedimentation Ca. 1.75–1.69 Ga Ca. 1.75–1.69 Ga

Intersecting fault arrays,  

reactivated before, during,  

and after sedimentation

Fractal Riedel-shear arrays (Wright

and Potter, 2014; Tschirhart et al.,

2017) + low-angle reverse  

(e.g. Györ  et al., 2007)

Fractal Riedel-shear arrays (Fig. 9; Anand

and Je erson, 2017a, b) + low-angle

detachments (e.g. Pukiq Fault, Fig. 8)

Fault-controlled local subbasins

associated with deposits

McClean Lake, McArthur River, Key

Lake, not Cigar Lake. Based entirely 

on drill and open-pit data.

Present; no known associated deposits

beneath main expanses of Thelon 

Formation, but Ayra occurrence underlies 

small outlier that may record a subbasin. 

Sandstone and conglomerate 

originally arkosic redbeds 

Now mostly pale tan to grey, but 

quartz overgrowths preserve 

hematite; still redbeds at base.

Overall pale pink-tan colour preserved,

redbeds best preserved in  ner sections,

especially at base. 

Table 3. Geological and geophysical comparisons between the Athabasca and Thelon  basins, with oldest 
attributes at the top and youngest at the bottom (after Miller and LeCheminant, 1985; Gandhi, 1989; Je erson

et al., 2007a, Table 3). The section entitled ‘Thematic comparisons of the Thelon and Athabasca basins’  
provides detail on the more favourable attributes for uranium mineralization. Figure 11 illustrates some of 
these metallogenic similarities and di erences between the two basins.





C.W. Je erson et al.

        

      

        

        

 

Comparative stratigraphy of the Athabasca

Supergroup and Barrensland Group
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Attributes Athabasca Thelon 

Youngest sedimentation <ca. 1.54 Ga <ca. 1.54 Ga

Quantitative stratigraphy unique 

to each basin, except both 

mainly siliciclastic and topped 

by carbonate. Units preceding

carbonate very di erent, but same

age in both basins.

Unconformities bound Fair Point,

Read-Smart, Manitou Falls, and

Lazenby Lake fms. Deep red 

beds only in Read and Smart

fms. Douglas Fm carbonaceous 

mudstone 1.54 Ga (Creaser and 

Stasiuk, 2007).

Simpler stratigraphy with only Thelon  

(3 upward- ning siliciclastic sequences),

gap of unexposed possible unit(s), 

Kuungmi ultrapotassic ma c lavas  

1.54 Ga (Chamberlain et al., 2010)

Cap carbonate formations

Marine-shelf stromatolitic Carswell

dolostone prograded over euxinic 

shale basin, not much silici cation.

Well preserved albeit overturned.

Marine shelf stromatolitic Lookout Point

dolostone prograded over subaerial 

potassic-ma c lavas and tu s. Silici ed

and karst brecciated.

Basinwide clay alteration
Dickite + illite, strong bleaching and 

dequartzi cation.

Illite, moderate bleaching and de-

quartzi cation.

Illite incorporates Mg and Fe in basement-alteration settings

Eolian sandstone

Suggested in places by bimodal 

grain-size distribution; no large

eolian crossbeds observed.

With one possible exception, eolian 

crossbeds are all in Amarook Fm, 

unconformably below Thelon Fm.

Syn-ore basement alteration (APS

= aluminum phosphate sulphate)

Chlorite-illite±sericite-dravite-APS-

 uorapatite, SiO
2
 removal

Chlorite-illite±sericite-APS 1, 2,

3- uorapatite, SiO
2
 removal

APS depleted in U and heavy REEs occupy sandstone matrix along altered heavy mineral laminae (Mwenifumbo and

Bernius, 2007; Davis et al., 2011). Locally replaces basement monazite (Madore et al., 2000). See also above.

U- uorapatite cement (Davis et al., 

2011, 2012; Miller et al., 1989;

Rainbird et al., 2003b, 2007).

1638 ± 5 Ma in basement through 

sandstone, up to and including the 

1644 ± 13 Ma Wolverine Point Fm.

1667 ± 5 Ma in basement through Thelon

Fm in Aberdeen Subbasin; 1688 ± 14 Ma

at Boomerang Lake.

Peak diagenetic and/or

hydrothermal temperatures
~240°C ~200°C

Corroded zircon grains near ore Local Unknown

Regional well preserved detrital zircon grains

Bleaching and clay-alteration fronts

Uranium hosted by sandstone or

unconformity assemblage

Yes, generally above basement-

hosted deposits.
Boomerang Lake is weak example.

Basement-hosted uranium Largest deposits The only known deposits

Signi cant deposits Largest and highest grades in world. 1 to 3 orders of magnitude smaller.

Table 3. (cont.)
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Figure 11. Empirical comparison of uranium-depositmodels for theAthabasca andThelon basins. TheAthabasca

Basin model is after Je erson et al. (2007c). The Thelon Basin model is based on the Kiggavik uranium camp,

consistent with Fuchs and Hilger (1989), Riegler (2014), Riegler et al. (2014, 2016a, b), and P. Wollenberg  

(pers. comm., 2006 through 2012). The Pukiq imbricate zone (PQi) is after D. Johnstone, K. Bethune, D. Quirt, 

and A. Benedicto (unpub. rept. no. 15-CND-92-04 of AREVA Resources Canada Inc. (2015), Anand and

Je erson (2017a), and Johnstone (2017)). The Schultz Lake intrusive complex (SLic) of Figures 3a and 8, and

other granitoid bodies, are cartooned after Tschirhart et al. (2013b). The ‘1.83 + 1.75 Ga granite + rhyolite’ are

after Scott et al. (2015). The dextral strike-slip component of the Thelon Fault is also represented by the small

circled symbols (dot = left-backward fault displacement, x = right-forward fault displacement).
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Appendix A

Detrital zircon geochronology plots for parts of the Amarulik, Aberdeen, and Pipedream assemblages of

the Woodburn Lake group and the Paleoproterozoic sequence Ps4

           

                

                

                

              

 

     

Figure A-1. Greywacke at type area of Pipedream assemblage (geochronology site 7, Table 2).
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Figure A-2. Greywacke of western Pipedream assemblage at the Kiggavik Main Zone (Lone Gull) uranium

deposit (geochronology site 9, Table 2).
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Figure A-3. GreywackeofPipedreamassemblageat Jimzonegoldoccurrence in iron-formation (IF; geochronology 

site 10, Table 2).
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Figure A-4. Quartz-pebbly, coarse-grained, feldspathic, lithic quartz wacke in sequence A1 of the Amarulik

assemblage (geochronology site 16, Table 2).
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Figure A-5. Metasedimentary gneiss, middle or upper package of the Aberdeen assemblage, west of the 

Schultz Lake intrusive complex (geochronology site 23, Table 2).
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Figure A-6. Felsic epiclastic facies of Pukiq Lake formation in Bong drill core (geochronology site 31a, Table 2).
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Appendix B

Detrital zircon geochronology plots for the Amarulik sequence A3, and sequences Ps1 and Ps4
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Figure B-1. Detrital zircon geochronology plots of the Amarulik sequence A3 and sequence Ps1. Unattributed plots

are derived from data in Davis (2021). The other plots are rescaled from Rainbird et al. (2010) and Percival et al.

(2017), as cited. The numbers 14 and 28 denote the two peak zircon counts that exceed the uniform vertical scale

chosen in order to display this group of results in one chart. SIs = Snow Island suite.
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Figure B-2. Detrital zircon geochronology plots of sequence Ps4. The top two

are derived from data in Davis (2021). The remaining plots are rescaled from

Rainbird et al. (2010) and Percival et al. (2017), as cited. SIs = Snow Island

suite.
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New crustal subdivision and architecture of the

south Rae Craton, Northwest Territories:  
a synthesis
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Pehrsson, S.J., 2024. New crustal subdivision and architecture of the south Rae Craton, Northwest 
Territories: a synthesis; in Canada’s northern shield: new perspectives from the Geo-mapping for Energy 
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Abstract: South Rae Craton has historically been the most poorly known part of the Canadian Shield.
Last mapped in the early 1950s, it was thought to comprise old high-grade granitic gneiss and Archean

metasedimentary belts and felsic plutons that had not been a ected signi cantly by the Snowbird or 

Trans-Hudson orogenies.

A new, two-year mapping transect across south Rae Craton was undertaken by the Geological Survey of

Canada and Northwest Territories Geological Survey in 2015–2017. Results are sumarized in four new

1:250 000 scale maps and presented in reports, Open Files, and external journal publications available

through GEOSCAN showing that south Rae Craton comprises nine distinct crustal domains bounded

by newly recognized crustal-scale shear zones with a protracted history of deformation and reactivation

between 2.5 Ga to ca. 1.7 Ga.

Résumé : Le craton de Rae Sud a été, par le passé, la partie la moins bien connue du Bouclier canadien.
Cartographié pour la dernière fois au début des années 1950, on le croyait composé d’anciens gneiss

granitiques de fort degré de métamorphisme ainsi que de ceintures métasédimentaires de l’Archéen et de

plutons felsiques qui n’avaient pas été touchés de manière signi cative par les orogenèses de Snowbird

ou trans-hudsonienne.

Un nouveau transect cartographique recoupant le craton de Rae Sud, échelonné sur une période de deux

ans, a été entrepris par la Commission géologique du Canada et la Commission géologique des Territoires

du Nord-Ouest en 2015-2017. Les résultats sont résumés à l’aide de quatre nouvelles cartes à l’échelle de

1/250 000 et présentés dans des rapports, des dossiers publics et des publications de revues externes dis-

ponibles par l’entremise de GEOSCAN. Ils montrent que le craton de Rae Sud comprend neuf domaines

crustaux distincts délimités par des zones de cisaillement à l’échelle de la croûte nouvellement reconnues,

qui révèlent une longue histoire de déformation et de réactivation entre 2,5 Ga et environ 1,7 Ga.

1Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A 0E8
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South Rae Craton in the Northwest Territories (N.W.T.),

situated between the Hearne Craton, Taltson-Thelon Orogen,

and Thelon Basin (Fig. 1), has historically been the most

poorly known part of the Canadian Shield. Last mapped

in the early 1950s at only 1:500 000 scale, it was thought

to comprise old high-grade granitic gneiss interspersed

with Archean metasedimentary belts and felsic plutons

that had not been a ected signi cantly by the Snowbird

or Trans-Hudson orogenies. With few crustal formation or

metamorphic ages available for most of the region, its rela-

tionship and tectonic architecture compared to the rest of

Rae Craton was poorly understood.

A new, two-year mapping transect across south Rae

Craton in Northwest Territories from its margin with Hearne

Craton at Kasba Lake to Porter Lake, southeast of the Great

Slave Lake shear zone, was undertaken by the Geological

Survey of Canada and Northwest Territories Geological

Survey in 2015–2017 following a reconnaissance survey

in 2012 (Pehrsson et al., 2015). The region studied (Fig. 1)

encompasses the Snowbird Tectonic zone between Rae and

Hearne cratons, the previously studied Snowbird domain

of Rae Craton (Martel et al., 2008), and undi erentiated

gneisses. Results are summarized in four new 1:250 000

scale maps (Martel et al., 2020a–d) and presented in Reports

Figure 1. Domains of the south Rae block of the Rae Craton, Nunavut and Saskatchewan. Tbc: Taltson 

basement complex; GSLsz: Great Slave Lake shear zone; BBsz: Black Bay shear zone; WLsz: Wholdaia 

Lake shear zone; HLsz: Howard Lake shear zone; MiLsz: Miller Lake shear zone; McLsz: McArthur Lake 

shear zone; SMZ: Striding Mylonite Zone; STZ: Snowbird Tectonic Zone; CLsz: Cora lake shear zone;  

LLsz: Legs Lake shear zone; Csz: Chipman shear zone; VRsz: Virgin River shear zone; RBsz: Ryckman 

Bay shear zone. Modi ed from Martel et al. (2020a–d).
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of Activities (Pehrsson et al., 2015; Percival et al., 2016),

Open Files, and external journal publications available

through GEOSCAN.

New U-Pb geochronological, isotopic, and tectono-

metamorphic studies show that south Rae Craton comprises

nine distinct crustal domains bounded by newly recognized

crustal-scale shear zones with a protracted history of defor-

mation and reactivation between 2.5 Ga and ca. 1.7 Ga 

(Fig. 1, 2; Martel et al., 2018). In contrast to previous

models, much of south Rae Craton is late Neoarchean to

early Paleoproterozoic in age, with evidence for Paleo-

Mesoarchean crustal contamination restricted to areas

west of the MacArthur Lake shear zone (Fig. 1; Penylan,

Boomerang, and Porter domains) that include rocks poten-

tially correlative with the Taltson basement complex

(Peterson et al., in press).All domains record ca. 2.7–2.6 Ga 

crust formation (Fig. 2) with important, newly identi ed

greenstone belts and subaerial volcanic rocks preserved

in the Boomerang domain. This pattern suggests that,

like north Rae Craton, south Rae domains were largely

assembled during the 2.62–2.58 Ga Snow Island event

(Peterson et al., this volume). Ca. 2.55–2.3 Ga Archean to

Paleoproterozoic intermediate-felsic plutonism is found in

Snowbird, Firedrake, and McCann domains (Fig. 2), and

post-2.3 Ga, all domains except Chipman record nearshore

to marine sedimentation, with formation of a moderate 

to deep marine clastic and volcanic basin along West 

Kasba domain. Paleoproterozoic magmatism, including 

ca. 2.29–2.0 Ga ma c dyke swarms and layered com-

plexes, as well as ca 1.9 Ga arc-like plutons, highlights

a signi cantly di erent cratonic core than previously

postulated, and one that saw attempted break-up during 

Siderian-Rhyacian time (Pehrsson et al., 2013).

The tectonometamorphic record of south Rae is highly

complex (Fig. 2). Ca. 2.55–2.5 Ga MacQuoid orogenesis,

at moderate pressure, amphibolite to granulite facies, is

restricted toArchean basement of theWest Kasba, Chipman,

and Snowbird domains near the Snowbird Tectonic zone

suture with Hearne Craton. The ca. 2.4–2.3 Ga Arrowsmith

Orogeny is recorded in moderate-pressure, high-temperature

Figure 2. Compilation of new and existing ages for the south Rae Craton domain subdivisions in Northwest Territories. This sum-

mary includes igneous, volcanic, metamorphic, cooling, and maximum deposition ages obtained during the GEM-2 South Rae 

mapping project and previous projects (GEM-1,Westem Churchill Project and other studies). Numbers in symbols refer to the source 

of data: 1: Regis et al., 2017; 2: Regis and Kellett, 2018; 3: Neil, 2017; 4: Thiessen et al., 2017; 5: Thiessen et al., 2018; 6: Jamison, 

2018; 7: Regis et al., 2017; 8: Davis et al., 2015; 9: Martel et al., 2008; 10: Flowers et al., 2006; 11: Mowbray and Pehrsson, 2019; 

12: Thiessen et al., 2018; 13: unpublished ages (See Martel et al. 2020a–d); 14: Thiessen et al., 2020; 15: Thiessen et al., 2022. 

THO: Trans-Hudson Orogeny; SO: Snowbird Orogeny; TO: Taltson Orogeny; AO: Arrowsmith Orogeny; MO: MacQuoid Orogeny;  

SIS: Snow Island Suite; Hbl: hornblende; Bt: biotite.
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granulite gneiss west of the Black Bay shear zone and

formed the dominant regional structure of the McCann and

Zemlak domains. Based on preservation of rocks with ca.

2.4 Ga cooling ages west of Porter Lake in Porter domain

and 5–7 kbar conditions at ca. 2.36 Ga in McCann domain,

Thiessen et al. (2022) proposed that the Howard Lake shear

zone (HLsz) was active as a major crustal structure since

ca. 2.3 Ga, and has been reactivated repeatedly in a ductile

regime right up to Trans-Hudson time at 1.80 Ga.

E ects of the ca. 1.9 Ga Snowbird Orogeny are the most

widespread in south Rae Craton (Martel et al., 2008; Martel

et al., 2020a–d; Regis et al., 2021). West Kasba, Chipman,

Snowbird, and Firedrake domains all record ca. 1.9 Ga tec-

tonometamorphism that formed fabrics that were folded or

locally transposed during the Trans-Hudson Orogeny. Most

major structures, including Howard Lake, Miller Lake,

Black Bay, Wholdaia Lake, and Chipman shear zones, were

active at ca. 1.9 Ga. Black Bay shear zone accommodated

east-vergent thrusting of McCann domain over Firedrake

Domain, with coronitic, ca. 1.9 Ga high pressures recorded

in Paleoproterozoic fertile ma c units that intruded the

McCann granulite-facies rocks, such as the Orpheus and

Penylan suites. Wholdaia Lake and Chipman shear zones

were also part of an east-vergent thrust stack at 1.9 Ga, which

exhumed progressively deeper crustal levels westward.

Extension of the thickened south Rae Craton architec-

ture occurred during both Snowbird and Trans-Hudson time

(Regis et al., 2021), with the latter particularly prominent

in the uplift of mid- to deep crustal Firedrake and Penylan

domains on the Howard Lake, MacArthur, Black Bay, and

Wholdaia shear zones.

Testable correlations of these new domains and struc-

tures into Northern Saskatchewan and Nunavut have been

proposed (Fig. 2) and de ne a linear crustal-block geom-

etry resulting from the combined e ects of the Arrowsmith

collisional orogeny to the west, accretion of the Hearne

Microcontinent to theeast, and nal closureof theManikewan

Ocean during ca. 1.83 Ga collision of the Superior Plate.

The prominent cycles of thickening and collapse between

1.9 and 1.80 Ga can thus be viewed as a response of the near

(Snowbird) and far (Trans-Hudson)- eld Rae upper plate

during closure of the Manikewan Ocean and assembly of

the Nuna Supercontinent (Regis et al., 2021; Pehrsson et al.,

2023).
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Guilmette, C., Kellett, D.A., Weller, O.M., Garrison, W., Kendrick, J., and Davis, W.J., 2024. An overview 

of Archean and Proterozoic history of the Tehery Lake–Wager Bay area, central Rae Craton, Nunavut; 
in Canada’s northern shield: new perspectives from the Geo-mapping for Energy and Minerals program, 

(ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological Survey of Canada, Bulletin 612, 

p. 289–293. https://doi.org/10.4095/332501

Abstract: This short contribution describes the Archean and Proterozoic history of the central Rae 

Craton in the Tehery Lake–Wager Bay area, Nunavut. The study area comprises six lithotectonic domains 

separated by large-scale structures: the Gordon Domain, Lunan Domain, Daly Bay complex, Douglas 

Harbour Domain, Kummel Lake Domain, and Ukkusiksalik Domain. These domains can be di erenti-
ated on the basis of metamorphic assemblages, Nd model and U-Pb ages, absence or presence of speci c
lithologies, and/or geophysical characteristics. Links between these domains and neighbouring areas of 

the central Rae Craton, the timing of assembly of domains and terranes, and the e ects of the Snowbird
and Trans-Hudson orogenies are brie y described.

Résumé : Cette courte contribution décrit l’histoire archéenne et protérozoïque de la partie centrale 

du craton de Rae dans la région de lac Tehery-baie Wager, au Nunavut. La région d’étude comprend six 

domaines lithotectoniques séparés par des structures à grande échelle : le domaine de Gordon, le domaine 

de Lunan, le complexe de Daly Bay, le domaine de Douglas Harbour, le domaine de Kummel Lake et 

le domaine d’Ukkusiksalik. Ces domaines peuvent être di érenciés en se fondant sur les assemblages
métamorphiques, les âges modèles Nd et U-Pb, l’absence ou la présence de lithologies particulières et/ou 

les caractéristiques géophysiques. Les liens entre ces domaines et les régions voisines du craton de Rae 

central, la chronologie de l’assemblage des domaines et des terranes, ainsi que les e ets des orogenèses de
Snowbird et trans-hudsonienne sont brièvement décrits.

1Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario  K1A 0E8
2Département de géologie et de génie géologique, Université Laval, 1065, avenue de la Médecine, Québec,  
 Quebec  G1V 0A6
3Department of Earth, Environmental and Geographic Sciences, University of British Columbia – Okanagan,  
 1177 Research Road, Kelowna, British Columbia  V1V 1V7
4Geological Survey of Canada, 1 Challenger Drive, P.O. Box 1006, Dartmouth, Nova Scotia  B2Y 4A2
5Department of Earth Sciences, University of Cambridge, Downing Street, Cambridge, CB2 3EQ United Kingdom
6Nova Scotia Department of Energy and Mines, Geoscience and Mines Branch, P.O. Box 698, Halifax,  
 Nova Scotia  B3J 2T9
7Department of Earth and Planetary Sciences, McGill University, 3450 University Street, Montréal, Quebec  H3A 0E8
*Corresponding author: N. Wodicka (email: natasha.wodicka@NRCan-RNCan.gc.ca)
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Geophysical contributions to a synthesis of 
western Churchill geology and metallogeny, 
Northwest Territories, Nunavut, and 
Saskatchewan

V. Tschirhart1*, S.J. Pehrsson1, N. Wodicka1, J.A. Percival1, 
C.W. Je erson1, T.D. Peterson1, and R.G. Berman1

Tschirhart, V., Pehrsson, S.J., Wodicka, N., Percival, J.A., Je erson, C.W., Peterson, T.D., and Berman, R.G., 

2024. Geophysical contributions to a synthesis of western Churchill geology and metallogeny, Northwest 

Territories, Nunavut, and Saskatchewan; in Canada’s northern shield: new perspectives from the  
Geo-mapping for Energy and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and  

J.A. Percival; Geological Survey of Canada, Bulletin 612, p. 295–325. https://doi.org/10.4095/332502

Abstract: The geophysical data sets available for the western Churchill Province have had a bearing 

on the understanding of its structure, evolution, and metal endowment. New data were acquired and 

interpreted during the Geo-mapping for Energy and Minerals (GEM) program (2008–2020). Regional, 

high-resolution aeromagnetic, and targeted gravity and magnetotelluric surveys were collected in GEM, 

in conjunction with geological mapping projects, in order to provide control on bedrock features be-

neath widespread glacial overburden and  at-lying sedimentary basins. Quantitative estimates of three-
dimensional geometry were obtained in key areas through geophysical models, integrating the geophysi-

cal characteristics with local rock-property measurements. These geophysical data sets contributed to new 

knowledge and interpretations in three related research  elds: location and nature of Rae Craton’s bound-

aries within the western Churchill Province; de nition of internal Rae architecture; and identi cation of
reactivated structures controlling gold and uranium mineralization. The new data, models, and emerging 

tectonic and metallogenic frameworks will serve as guides for future exploration in this remote, complex, 

challenging region.

Résumé : Les ensembles de données géophysiques disponibles pour la Province de Churchill occi-

dentale ont eu une in uence sur la compréhension de sa structure, de son évolution et de sa richesse
en métaux. Le programme Géocartographie de l’énergie et des minéraux (GEM) (2008-2020) a permis
l’acquisition et l’interprétation de nouvelles données. Des levés aéromagnétiques régionaux à haute réso-

lution, ainsi que des levés gravimétriques et magnétotelluriques ciblés, ont été réalisés dans le cadre du 

programme GEM, parallèlement à des projets de cartographie géologique, a n de repérer les entités du
socle rocheux se trouvant sous la couverture étendue de matériaux glaciaires et les couches à strati cation
horizontale des bassins sédimentaires. Nous avons obtenu des estimations quantitatives de la géométrie 

tridimensionnelle dans des zones clés grâce à des modèles géophysiques intégrant les caractéristiques géo-

physiques et les mesures des propriétés des roches de la région. Ces ensembles de données géophysiques 

ont contribué à l’actualisation des connaissances et des interprétations dans trois domaines de recherche
connexes : l’emplacement et la nature des limites du craton de Rae dans la Province de Churchill occiden-

tale; la dé nition de l’architecture interne du craton de Rae; et la détermination de structures réactivées
exerçant une contrôle sur les minéralisations aurifères et uranifères. Les nouvelles données, les modèles et 

les cadres tectoniques et métallogéniques émergents permettront d’orienter l’exploration future dans cette
région éloignée, complexe et pleine de dé s.

1Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A 0E8
*Corresponding author: V. Tschirhart (email: victoria.tschirhart@nrcan-rncan.gc.ca)
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Figure 1. Simpli ed geological map of the western Churchill Province and surrounding crustal blocks,

modi ed from Berman et al. (2005). Areas discussed in text shown by red boxes: 1 = Melville Peninsula;

2 = Boothia Peninsula and Somerset Island; 3 = Thelon tectonic zone; 4 = Montresor Belt; 5 = Tehery Lake

and Wager Bay; 6 = Southampton Island; 7 = Chester eld Inlet; 8 = south Rae Craton; 9 = Athabasca

Basin; 10 = Thelon Basin. Abbreviations: Amer sz = Amer shear zone; Chantrey sz = Chantrey shear zone;

Cb = Chester eld Block; CBb = Committee Bay Block; MI = Meta Incognita microcontinent; QM = Queen

Maud Block; STZ = Snowbird tectonic zone; Taltson mz = Taltson magmatic zone; Thelon tz = Thelon

tectonic zone; Wager sz = Wager shear zone. Note geology southwest of dashed line is covered by the

Phanerozoic Western Canada Sedimentary Basin.
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Figure 2. Residual total- eld map. Project areas discussed in text outlined by red boxes and labelled as in

Figure 1. Black boxes and white labels show GEM-1 and GEM-2 airborne survey locations discussed in the text

from Table 1.
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Figure 3. Isostatic residual Bouguer gravity map. Project areas discussed in text outlined by red boxes and

labelled as in Figure 1. GEM MT stations plotted as black dots.
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Figure 5. c) Legend for Figure 5b.
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Figure 6. a) Horizontal gradient magnitude of the Bouguer gravity anomalies displayed at 50% greyscale  

transparency over the isostatic residual Bouguer gravity data. Solid black lines represent select major faults  

from Tella et al. (2007), Pehrsson et al. (2014b), and Skulski et al. (2018). Black dots are MT stations and labels,

as discussed in the text. Dashed black lines represent interpreted structures and domain boundaries discussed

in text. ASZ = Amer shear zone; CB = Chester eld Block; CBb = Committee Bay Block; Csz = Chester eld

shear zone; DB = Daly Bay; Gd = Gordon domain; KC = Kramanitaur Complex; KD = Kaminuriak domain;

KLD = Kummel Lake domain; Ld = Lunan domain; LIBZ = Lyon Inlet boundary zone; NGb = Northern Granulite

Block; PAb = Prince Albert block; QMb = Queen Maud Block; RBb = Repulse Bay Block; STZ = Snowbird tec-

tonic zone; sz. = shear zone; Wsz = Wager shear zone. S1, S2, S3 = possible southern limits of the Chester eld

Block (Berman et al., 2007).
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Figure 6. b) Residual total  eld. Solid black lines represent select major faults from Tella et al. (2007), Pehrsson

et al. (2014b), and Skulski et al. (2018). Black dots are MT stations and labels, as discussed in the text. Dashed

black lines represent interpreted structures and domain boundaries discussed in text. ASZ = Amer shear

zone; CB = Chester eld Block; CBb = Committee Bay Block; Csz = Chester eld shear zone; DB = Daly Bay;

Gd = Gordon domain; KC = Kramanitaur Complex; KD = Kaminuriak domain; KLD = Kummel Lake domain;

Ld = Lunan domain; LIBZ = Lyon Inlet boundary zone; NGb = Northern Granulite Block; PAb = Prince Albert

Block; QMb = Queen Maud Block; RBb = Repulse Bay Block; STZ = Snowbird tectonic zone; sz. = shear zone;

Wsz = Wager shear zone. S1, S2, S3 = possible southern limits of the Chester eld Block (Berman et al., 2007).

White-outlined area is shown in Figure 7.
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Figure 7. First vertical derivative of the magnetic  eld of the Rankin Inlet area showing the distribution

of gold deposits (large yellow circles), and occurrences and showings (small yellow circles) in relation to

faults and shear zones (solid black lines) and folds (dashed black lines) (after Pehrsson et al., 2014a). 

sz. = shear zone.
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Figure 8. Location of uranium and REE deposits and occurrences over the Bouguer gravity. Thelon and

Athabasca basins outlined in black. White line delineates location of mapped Snowbird tectonic zone; dashed

black line outlines Bouguer gravity low.
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Summary of GEM results: Manitoba Far North 
Geomapping Initiative

C.O. Böhm1,2* and N.M. Rayner3

Böhm, C.O. and Rayner, N.M., 2024. Summary of GEM results: Manitoba Far North Geomapping 

Initiative; in Canada’s northern shield: new perspectives from the Geo-mapping for Energy and Minerals 

program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological Survey of Canada, 
Bulletin 612, p. 327–334. https://doi.org/10.4095/332503

Abstract: The far north of Manitoba is endowed with potential for base and precious metals, diamonds, 

uranium, and rare metals. The goal of a collaborative project between the Manitoba Geological Survey 

and the Geological Survey of Canada was to provide an advanced framework of geoscience knowledge 

for mineral exploration and land-use management.

Bedrock mapping, geophysical surveys, and geochemical and geochronological analyses carried out in 

2005 to 2011 in the far north of Manitoba showed diverse and complex rocks that record nearly two  

billion years of Earth history. Key advancements in understanding include a new stratigraphy and chronol-

ogy of at least four metasedimentary cover sequences in the Seal River Domain, some with high potential 

for economic uranium, gold, and/or rare-metal mineralization; and the identi cation of a Neoarchean

greenstone belt in the Great Island area with known gold occurrences. The discovery of remnants of  

ancient (3.5 Ga) cratonic lithosphere in the Seal River area also renders the region favourable for diamond 

exploration.

Résumé : Le grand nord du Manitoba est doté d’un potentiel en métaux communs et précieux, en dia-

mants, en uranium et en métaux rares. L’objectif d’un projet de collaboration entre les Levés géologiques 

du Manitoba et la Commission géologique du Canada était de fournir un cadre avancé de connaissances 

géoscienti ques pour l’exploration minérale et la gestion de l’utilisation des terres.

La cartographie du substratum rocheux, les levés géophysiques ainsi que les analyses géochronologiques 

et géochimiques e ectués de 2005 à 2011 dans le grand nord du Manitoba ont révélé des roches diverses

et complexes qui témoignent de près de deux milliards d’années de l’histoire de la Terre. Les principales 

avancées dans nos connaissances comprennent une nouvelle interprétation de la stratigraphie et de la 

chronologie d’au moins quatre séquences métasédimentaires de couverture dans le domaine de Seal River, 

dont certaines présentent un fort potentiel en minéralisations économiques d’uranium, d’or ou de métaux 

rares; et l’identi cation d’une ceinture de roches vertes du Néoarchéen dans la région de l’île Great,

qui renferme des indices d’or connus. La découverte de vestiges d’une lithosphère cratonique ancienne  

(3,5 Ga) dans le secteur de la rivière Seal rend également la région favorable à l’exploration diamantifère.

1Manitoba Geological Survey, 360-1395 Ellice Avenue, Winnipeg, Manitoba  R3G 3P2
2Present address: 871 Grosvenor Avenue, Winnipeg, Manitoba  R3M 0M4
3Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario  K1A 0E8
*Corresponding author: C.O. Böhm (email: chris.bohm@gmail.com)

Manuscript accepted September 26, 2022



328

GSC Bulletin 612

INTRODUCTION

The aim of the Manitoba Geological Survey (MGS) Far

North Geomapping Initiative (2008–2011) was to further the

understanding of the nature, evolution, and mineral potential

of the southeast margin of the Archean Hearne Craton, one

of the fundamental geological building blocks of Manitoba’s

Precambrian shield (Fig. 1, inset). This contribution summa-

rizes key  ndings and outputs from the Far North initiative

with a consolidated list of references.

In support of this MGS initiative, a Geological Survey of

Canada (GSC)–funded aeromagnetic and gamma-ray spec-

trometric geophysical survey of the Great Island–Seal River

area was  own in 2008 (Fortin et al., 2009a, b, c, d, e, f, g, h,

i, j, k, l), which revealed  rst-order crustal features such as

supracrustal basins, tectonic fabrics and structures, granitoid

domains, regional unconformities, major shear and fault

structures, and regional dyke swarms. Subsequently, the Seal

River Domain was the focus of  eldwork in 2009 (Anderson

et al., 2009a, b) and 2010, with additional expansion into

the Nejanilini Domain to the north in 2010 (Anderson et al.,

2010a, b).

Follow-up mapping of the Hearne Craton margin in

northwestern Manitoba was conducted in 2010 and 2011

in the Misty and Snyder lakes areas, respectively (Kremer

et al., 2010a, b, 2011, 2021a, b; Fig. 1; Kremer and Böhm,

2011).

Earlier mapping supported by geochemical and geo-

chronological analyses in Manitoba’s far north, at Nejanilini

Lake in 2005 (Böhm et al., 2004;Anderson and Böhm, 2005;

Anderson et al., 2005; NL 2005 in Fig. 1) and at Kasmere

and Putahow lakes in 2006 (Anderson and Böhm, 2006;

Figure 1. Geological domains of northern Manitoba (MB), northeast Saskatchewan (SK), 

and southeast Nunavut (NU) showing the areas covered by the projects discussed in this 

report. KL = Kasmere Lake, ML = Misty Lake, NL = Nejanilini Lake, PL = Putahow Lake, 

SL = Snyder Lake. Inset: simpli ed tectonic elements of Manitoba. THO = Trans-Hudson

Orogen.
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Böhm and Anderson, 2006a, b; KL and PL in Fig. 1) con-

tributed regional tectonostratigraphic data and knowledge

that allowed correlations across the Hearne Craton from

Saskatchewan into Nunavut (Fig. 1) as part of this GEM

(Geo-mapping for Energy and Minerals) initiative.

LITHOTECTONIC DOMAINS OF 

NORTHERN MANITOBA

Northern Manitoba exposes the southern extent of the

Hearne Craton margin (Fig. 1). The northeast has been

subdivided into two domains: Nejanilini Domain, which

is dominated by metaplutonic granulite rocks with minor

enclaves of high-grade metasedimentary rocks; and the Seal

River Domain, with characteristic sequence of metasedi-

mentary units of generally lower metamorphic grade. The

northwest is divided into the Mudjatik Domain, where

Archean basement of Hearne Craton is dominant; and the

WollastonDomain,where a large amount ofPaleoproterozoic

passive margin cover material is preserved.

Seal River Domain

In the Seal River Domain, integration of geophys-

ics, mapping, geochemistry, and geochronology has led to

identi cation of the following lithotectonic components

(Anderson and Böhm, 2008;Anderson et al., 2010a; Rayner,

2010a, b, 2022; Böhm et al., 2020a, b; Fig. 2):

 • Precursors to the Hearne Craton include 3493 ± 4 Ma

tonalite, the oldest known rock in Manitoba, as well 

as 2901 Ma orthogneiss. A 2680 Ma granodiorite is 

consistent with Hearne Craton crust.

 • Arc and back-arc metavolcanic and metasedimen-

tary rocks dated at 2.7 to 2.6 Ga (Sosnowski Lake

assemblage).

 • A  uvial–alluvial ‘successor’ basin (sequence 1) depos-

ited after 2695 Ma (youngest detrital zircon) prospective

for U-Au paleoplacer deposits. Sequence 1 lies above 

an unconformity that separates it from metavolcanic,

intrusive, and siliciclastic rocks older than 2.68 Ga.

 • Extensive Neoarchean (2570–2550 Ma) plutonic rocks

that are variably foliated and locally gneissic, particularly

in the east.

 • The presence of thick and ancient continental crust

along with long-lived deep-seated faults is favourable

for the formation of diamonds, whereas the presence

of low-grade Paleoproterozoic cover indicates minimal

post-Archean erosion and thus better likelihood of their

preservation.

 • A passive margin–continental rift assemblage (sequence 2)

with a lithological association and relative age relation-

ships that re ect extension and rifting of the Hearne Craton

sometime after 2.5 Ga. Given the lithologies and the tec-

tonic setting, the Seal River Domain may be favourable for

sedimentary exhalative (SEDEX)–type deposits.

 • Marine deltaic rocks (sequence 3) preserved as promi-

nent synclinal basins are a de ning characteristic of

the Seal River Domain and the southern margin of the

Hearne Craton in Manitoba. Detrital zircon analysis indi-

cates a maximum depositional age of 2049 ± 19 Ma at

the base of sequence 3 and a slightly younger maximum

depositional age of 1984 ± 14 Ma higher in the section.

 • Peraluminous two-mica granitic rocks are intrusive into

sedimentary cover rocks of sequences 1, 2, and 3, but

not the youngest sedimentary rocks of sequence 4. This

observation, along with an abrupt decrease in the ampli-

tude of upright folds across the contact of sequences 3

and 4, coupled with local angular discordance, indicates

an angular unconformity (Anderson et al., 2010a, b). The

detrital zircon population of a sample of coarse lithic

greywacke from sequence 4 provides a maximum depo-

sitional age of 1879 ± 19 Ma; however, a U-Pb monazite

date from a two-mica granite that cuts sequence 2 yielded

an age of 1764.9 ± 0.9 Ma, suggesting that sequence 4

rocks could be younger than ca. 1.76 Ga.

Nejanilini Domain

The Nejanilini Domain consists mainly of granitoid

orthogneiss that contains enclaves of migmatized supra-

crustal rocks and is cut by porphyritic granite plutons, late

granitoid sheets, and dykes (Anderson et al., 2010a, b). Its

southern margin is marked by a zone of greenschist-facies

mylonite, up to several kilometres wide, that demarcates the

northern limit of the relatively intact basins of supracrustal

rocks (Sosnowski Lake assemblage through to sequence 4)

that characterize the Seal River Domain.

In the Nejanilini Domain, north of the Gross Lake pluton

(Fig. 2) charnockitic gneiss dated by SHRIMP(sensitive high

resolution ion microprobe) yielded a crystallization age of

2692.4 ± 8.7 Ma with ca. 3.2 Ga inheritance (Rayner, 2022).

Another charnockitic gneiss sample approximately 60 km to

the southwest dated by ID-TIMS (isotope dilution thermal

ionization mass spectrometry) returned discordant results,

with an estimated crystallization age of 2526.5 ± 1.3 Ma,

the age of the most concordant fraction (Rayner, 2010a, b).

Granulite-facies biotite tonalite gneiss from the Nejanilini

Lake area (Fig. 1) yielded a U-Pb zircon crystallization age

of ca. 2.70 Ga (C.O. Böhm and S.D. Anderson, unpub. data,

2006), further supporting the presence of Neoarchean base-

ment. Zircon analysis of migmatitic greywacke diatexite

indicates prominent detrital modes between 2500 Ma and

2300 Ma,with some sporadic younger peaks, and amaximum

depositional age of 1985.7 ± 9.8 Ma (Rayner, 2022). Zircon

rims dated at 1821 ± 17 Ma are interpreted to represent the

age of a metamorphic overprint related to the migmatization

event. The youngest dated units in the Nejanilini Domain are
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the Caribou River pluton (CRP in Fig. 2), the granodiorite of

which returned an age of 1823.2 ± 4.5 Ma, and the coeval

Dickins River pluton (DRP in Fig. 2) to the north, with a

crystallization age of 1828.7 ± 4.3 Ma (Rayner, 2022). The

latter records 2544 to 3272 Ma xenocrystic cores.

Wollaston and Mudjatik domains

Regionally, Paleoproterozoic cover rocks of theWollaston

Supergroup (Fig. 1) are best exposed and de ned in northeast-

ern Saskatchewan (e.g. Yeo and Delaney, 2007), whereas the

apparently on-strike and similar-ageHurwitzGroup sediments

are prevalent in southern Nunavut (e.g. Davis et al., 2005). As

such, data from siliciclastic basal formation remnants across

northernManitoba provide critical insight to resolving the tec-

tonic and spatial relationship of these Paleoproterozoic cover

rocks.

The Wollaston Domain in the far northwest of Manitoba

has a dominant northeasterly trend and is exposed in an

approximately 20 to 35 km wide belt of elongate struc-

tural domes, resulting from doubly plunging antiformal and

synformal folds. In the Kasmere and Putahow lakes areas

(KL and PL in Fig. 1), quartzite and arkosic rocks occur

in an antiformal culmination and are overlain by a com-

positionally variable sequence of calc-silicate rocks and

garnet-biotite semipelitic gneiss, suggesting a classic basin

subsidence sequence. Quartzite samples from Nejanilini and

Kasmere lakes are dominated by ca. 2.70 Ga detrital zir-

cons (youngest detrital zircon 2.48 Ga), whereas psammitic

gneiss samples from the Kasmere Lake area yielded mostly

ca. 2.0 Ga detrital zircons and youngest detrital zircons of

ca. 1.89 Ga (C.O. Böhm, unpub. data, 2007).

At Misty Lake, a structural dome is cored by leucoto-

nalite to granite, with a crystallization age of 2584 ± 7 Ma

(Kremer et al., 2010a, b; Rayner, 2011). The core of the dome

is bounded by highly deformed metasedimentary rocks of

the Wollaston Supergroup, including variably migmatitic

porphyroblastic psammitic to pelitic paragneiss with minor

impure quartzite, porphyroblastic arkosic paragneiss with

minor calc-silicate, rare marble, calc-silicate rocks, and well

bedded arenite to calcarenite with calc-silicate interlayers.

The detrital pro le of a sample of psammitic gneiss is domi-

nated by 2.54 Ga zircons (Kremer et al., 2010a, b; Rayner,

2011). The maximum age of deposition is constrained by a

single younger grain that yielded nonreproducible ages of

1900 and 1940 Ma, the latter being interpreted to be the best

estimate of the maximum age of sedimentation. Intrusive

rocks, interpreted as Hudsonian (ca. 1.83 Ga) on the basis

of  eld relationships with these metasedimentary rocks, are

widespread. Areas of moderate to intense alkali metasoma-

tism occur in metasedimentary rocks and granitic rocks and

have been documented in association with a variety of intru-

sion-hosted and metasomatic uranium, rare-earth element,

and rare-metal deposits.

The Snyder Lake area (SL in Fig. 1) is largely underlain

by medium- to upper-amphibolite–grade metasedimentary

rocks of the Wollaston Supergroup, including psammitic,

semipelitic, pelitic, and lesser amounts of calc-silicate

gneiss and marble (Kremer et al., 2011, 2021a, b; Kremer

and Böhm, 2011). Southeast and northwest of Snyder Lake,

the sedimentary succession is  anked by intrusive rocks of

potential Archean age that were metamorphosed at upper

amphibolite- to granulite-facies conditions. Orthogneiss

northwest of Snyder Lake (Mudjatik Domain) was dated at

2711.7 ± 6.5 Ma, whereas similar lithologies to the south-

east of Snyder Lake (Wollaston Domain) were dated at

2637 ± 13 Ma and 2607.1 ± 4.3 Ma (Rayner, 2022). For

the two Wollaston Domain samples, the former records

minor ca. 2.86 Ga inheritance, whereas the latter records a

1815 ± 20 Ma metamorphic overprint from a single zircon

rim analysis. Calcium-rich horizons (calc-silicate gneiss and

marble) within the Snyder Lake area locally host uranium

and/or rare-earth element enrichments of economic inter-

est. Based on the  eld observations in the Snyder Lake area,

uranium and rare-earth element mineralization appears to be

focused on highly altered (silici ed, albitized, hematized)

zones in calcareous horizons of the sedimentary sequence,

which presents a di erent mineralization environment and

process than represented by the unconformity-type uranium

deposits at or near the top of theWollaston Supergroup rocks

in Saskatchewan.

Feldspathic arenite from the Snyder Lake area yielded

detrital zircon with clusters of U-Pb analyses at ca. 1.99 Ga

and between 2.5 and 2.6 Ga, although the provenance

pro le is not characterized by well de ned modes. The

maximum age of deposition is 1914 ± 12 Ma. Psammitic

gneiss exhibits two distinct age modes: the dominant one,

centred at 2550 Ma; and a younger, subordinate mode span-

ning 1862 to 1936 Ma, with a maximum depositional age

of 1881 ± 16 Ma. A sample of calc-silicate conglomerate

yielded few detrital zircon grains, most of which returned

discordant results. Given the presence of grains dated at

ca. 1.9 Ga, this rock is interpreted as Paleoproterozoic or

younger (Rayner, 2022).

Figure 2. Simpli ed geological map of the Seal River and Nejanilini domains of northeast Manitoba. Modi ed

from Anderson et al. (2010a, b). Location of oldest known rock in Manitoba shown by black star. Abbreviations: 

CRP = Caribou River pluton; DRP = Dickins River pluton; GIB = Great Island Basin; GLGB = Garlinski Lake  

greenstone belt; GLP = Gross Lake pluton; HLGB = Howard Lake greenstone belt; NLB = Nowell Lake Basin;

NLP = Nichol Lake pluton; SBB = Seal Bend Basin; VLP = Vinsky Lake pluton.
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On the basis of currently available U-Pb detrital zircon

results fromPaleoproterozoic cover remnants across northern

Manitoba, there do not appear to be signi cant di eren-

ces in the nature and composition of the metasedimentary

successions. This may indicate that Paleoproterozoic meta-

sedimentary rocks previously assigned to the Wollaston

(Kasmere and Putahow lakes) and the Hurwitz (Nejanilini

Lake) supergroups formed contemporaneously and in a 

similar or related tectonic setting in northern Manitoba.

SUMMARY

In summary, bedrock mapping and geochronological 

analyses carried out in 2005 to 2011 in the far north of

Manitoba elucidate diverse and complex rocks that record

nearly two billion years of Earth history. Supported by geo-

physical, geochemical, and geochronological data, areas with

known or inferred potential for base and precious metals, dia-

monds, uranium, and rare metals were targeted for remapping

to provide an advanced framework for mineral exploration

and land-use management.

Of particular importance for regional tectonic correlations

and mineral exploration are the following:

 • A new stratigraphy and chronology of at least four

metasedimentary cover sequences in the Seal River

Domain, some with high potential for economic uranium,

gold, and/or rare-metal mineralization.

 • The identi cation of a Neoarchean greenstone belt in the

Great Island area with known gold occurrences.

 • The discovery of remnants of ancient (3.5 Ga) cratonic

lithosphere in the Seal River area, rendering the region

favourable for diamond exploration.
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Corrigan, D., 2024. Overview of the lithotectonic framework of the Core Zone, southeastern Churchill 
Province, Quebec and Newfoundland and Labrador; in Canada’s northern shield: new perspectives from 

the Geo-mapping for Energy and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and 

J.A. Percival; Geological Survey of Canada, Bulletin 612, p. 335–337. https://doi.org/10.4095/332504

Abstract: This paper presents an overview of the lithotectonic framework of the Core Zone, Quebec 
and Labrador, which consists of at least three distinct entities: the George River, Mistinibi-Raude, and 
Falcoz River blocks, each with separate crustal evolutions. New  eld observations and U-Pb geochrono-
logical data were synthesized in order to improve knowledge of the crustal growth and tectonic history of 
the Core Zone and its bounding Paleoproterozoic orogens in the southeastern Churchill Province.

Résumé : Le présent article o re une vue d’ensemble du cadre lithotectonique de la Zone noyau, au

Québec et au Labrador. Cette zone est constituée d’au moins trois entités lithotectoniques distinctes, à

savoir les blocs de George River, de Mistinibi-Raude et de Falcoz River, où chacun présente une évolution 
crustale particulière. De nouvelles observations de terrain et données géochronologiques U-Pb ont servi

à produire une synthèse nous permettant d’améliorer nos connaissances de la croissance crustale et de

l’histoire tectonique de la Zone noyau ainsi que des orogènes du Paléoprotérozoïque qui la bordent, dans

la Province de Churchill Sud-Est.
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This contribution summarizes a paper published in

Geoscience Canada (Corrigan et al., 2018), which provides

improved knowledge on the crustal growth and tectonic his-

tory of the Core Zone and its bounding Paleoproterozoic

orogens in the southeastern Churchill Province. The areas

covered by Geo-mapping for Energy and Minerals (GEM)

 eldwork (Fig. 1) were mapped in collaboration with the

Ministère de l’Énergie et des Ressources naturelles du

Québec (2014 and 2015) and with the Geological Survey

of Newfoundland and Labrador in 2017 and 2018. Results

from the 2014 study area are presented in Corrigan et al.

(2018), whereas those from the 2015, 2016, and 2017  eld

seasons, concentrated in the Labrador Trough, and 2018,

concentrated in the Hopedale Block of the North Atlantic

Craton (Nain Province), are being compiled and will be 
presented elsewhere.

The Core Zone represents a broad region predominantly

underlain byArchean gneiss and granitoid rocks between the

Superior and North Atlantic cratons which, until recently,

remained one of the less well known parts of the Canadian

Shield. Previously thought to form part of the Archean Rae

Craton, and later referred to as the southeastern Churchill

Province, it has been regarded as an ancient continental

block trapped between the ca. 1.87–1.85 Ga Torngat and

1.83–1.79 Ga New Quebec orogens, with its relationships

to the adjacent Superior and North Atlantic cratons remain-

ing unresolved. The geochronological data presented in

Corrigan et al. (2018), which builds on a previous sum-

mary by James and Dunning (2000), demonstrates that the

Archean evolution of the Core Zone was distinct from that

of both the Superior and North Atlantic (Nain) cratons. The

Core Zone consists of at least three distinct lithotectonic

entities, referred to as the George River, Mistinibi-Raude,

and Falcoz River blocks, each with separate crustal evolu-

tions. These microplates are separated by steeply dipping,

regional-scale shear zones interpreted as paleosutures. The

George River Block consists of ca. 2.70 Ga supracrustal

rocks and associated ca. 2.70–2.57 Ga intrusions with

cryptic ca. 3.0–2.8 Ga inheritance. The Mistinibi-Raude

Block consists of remnants of a ca. 2.37 Ga volcanic arc

intruded by a ca. 2.32 Ga arc plutonic suite (Pallatin) as

well as the hypersolvus Pelland and Nekuashu intrusive

complexes. It also hosts a coarse clastic cover sequence

(Hutte Sauvage Group) which contains detrital zircon grains

Figure 1. Simpli ed geological map of the Southeastern Churchill Province showing the main lithotectonic

elements (modi ed from Corrigan et al., 2018). The square grid represents 1:250 000 scale NTS map sheets.

The areas outlined in red represent GEM-2 program footprint for bedrock geology, with year of  eldwork

indicated. The blue box indicates area for which sur cial geology studies have been undertaken as part of the

GEM Program. ASZ = Abloviak shear zone; NQO = New Quebec Orogen.
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from locally-derived, ca. 2.57–2.50 Ga, 2.37–2.32 Ga, and

2.10–2.08 Ga sources, with the youngest concordant grain

dated at 1987 ± 7 Ma. The Falcoz River Block consists of

ca. 2.89–2.80 Ga orthogneiss intruded by ca. 2.74–2.7 Ga

granite, tonalite, and granodiorite, and preserves clastic-

carbonate cover sequences possibly related to the older than

1.86 Ga and younger than 1.94 Ga Lake Harbour Group on

southern Ba n Island. The western margin of the Core Zone

(George River Block; Fig. 1) and the Archean Kuujjuaq

Domain (reworked Superior Craton) appear to have been

proximal by ca. 1.84 Ga as both have been stitched by the

1.84–1.82 Ga De Pas batholith. Its eastern margin (Falcoz

River Block; Fig. 1) records metamorphic ages of ca. 1.85–

1.80 Ga, suggesting that the 1.83–1.79 Ga New Quebec

Orogeny, which was dominated by transpressional tecton-

ics, a ected the entire southeastern Churchill Province. In

contrast, the 1.87–1.85 Ga Torngat Orogen appears to have

been restricted to the broad area located between the east-

ern Core Zone (Falcoz River Block) and North Atlantic

Craton margin. The three crustal blocks forming the Core

Zone add to a growing list of ‘exotic’ Archean to earliest

Paleoproterozoic microcontinents and crustal slices that

extend around the Superior Craton from the Grenville

Front through Hudson Strait, across Hudson Bay and into

Manitoba and Saskatchewan, in what was the Manikewan

Ocean realm, which closed between ca. 1.83 and 1.80 Ga

during the formation of supercontinent Nuna.
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C.W. Je erson1, H.M. Steenkamp2, E. Martel3, J.A. Percival1, and D. Corrigan1, 4

Peterson, T.D., Wodicka, N., Pehrsson, S.J., Acosta-Góngora, P., Tschirhart, V., Je erson, C.W., Steenkamp, H.M., Martel, E.,

Percival, J.A., andCorrigan,D., 2024. Rae Province at 2.6 Ga: a sanukitoid stormon theCanadian Shield, Nunavut; inCanada’s

northern shield: new perspectives from the Geo-mapping for Energy and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka,
N. Rogers, and J.A. Percival; Geological Survey of Canada, Bulletin 612, p. 339–374. https://doi.org/10.4095/332505

Abstract: Between 2.62 and 2.58 Ga, Rae Province was intruded from Lake Athabasca to Melville Peninsula (more than 

1700 km) by ma c to felsic plutons (Snow Island Suite), and overlain by volcanic rocks that are now mostly preserved beneath

Paleoproterozoic basins. The Snow Island Suite was preceded by o shore arc volcanism and possible back-arc basin activ-

ity, with a U-Pb age peak at 2.635 Ga (Marjorie peak). About 50% of the Snow Island Suite is an infracrustal granitoid with 

K-enriched and tonalitic subtypes; the remainder lies on a sanukitoid spectrum. The sanukitoidal rocks are dominantly orthopy-

roxene-bearing magnesian diorite and monzodiorite with Mesoarchean Nd model ages. Some isotopically juvenile Snow Island

Suite and Marjorie peak ma c rocks also have strong sanukitoid or adakite trace-element signatures. Four important features

in the data are: 1) Marjorie peak ma c assemblages are prominent on the southeastern edge of Rae Province. Related nickel

showings are present in south Rae Province Marjorie peak and early Snow Island Suite rocks; 2) U-Pb ages in the Snow Island

Suite young toward the west edge of the province; 3) the Committee Bay Block (north-central Rae Province) is distinctively 

rich in infracrustal Snow Island Suite migmatite and poor in Snow Island Suite sanukitoid rocks and in tonalite of any age;

and 4) there is a marked shift from tonalite-rich infracrustal sources in south Rae Province to more tonalite-poor sources in 

central Rae Province. The data are consistent with the Snow Island Suite, representing a continental magmatic arc segment,

verging westward, with ponding of ma c magmas, inducing melting in the lower lithosphere to generate intermediate melts that 

ascended and induced additional melting in the middle to upper crust to generate granite.

Résumé : Entre 2,62 et 2,58 Ga, la Province de Rae a été recoupée par des plutons ma ques à felsiques (Suite de Snow
Island), du lac Athabasca à la presqu’île Melville (plus de 1700 km), et recouverte de roches volcaniques qui sont maintenant

conservées, en grande partie, dans des bassins paléoprotérozoïques. La mise en place de la Suite de Snow Island a été précédée

d’un volcanisme d’arc au large des côtes, et d’une possible activité de bassin d’arrière-arc, dont l’âge U-Pb de la culmination se

situe à 2,635 Ga (culmination de Marjorie). Environ 50 % de la Suite de Snow Island est constituée de granitoïdes infracrustaux

présentant des sous-types enrichis en potassium et tonalitiques; le reste s’insère dans le spectre des sanukitoïdes. Les sanuki-

toïdes sont principalement constituées de diorite magnésienne à orthopyroxène et de monzodiorite dont les âges modèles Nd

remontent au Mésoarchéen. Certaines roches ma ques de la Suite de Snow Island et de la culmination de Marjorie de caractère

juvénile sur le plan isotopique présentent également de fortes signatures en éléments traces propres aux sanukitoïdes ou aux

adakites. Quatre caractéristiques importantes ont été relevées dans les données : 1) les assemblages ma ques de la culmination

de Marjorie sont dominants à la bordure sud-est de la Province de Rae et des indices de nickel apparentés sont présents dans

des roches de la culmination de Marjorie et des phases précoces de la Suite de Snow Island dans le sud de la Province de Rae;

2) les âges U-Pb de roches de la Suite de Snow Island rajeunissent vers la bordure ouest de la province; 3) le bloc de Committee

Bay (centre nord de la Province de Rae) est typiquement riche en migmatite infracrustale de la Suite de Snow Island et pauvre

en sanukitoïdes de la même suite et en tonalite de tout âge; et 4) il existe une transition marquée entre les sources infracrustales

riches en tonalite du sud de la Province de Rae et les sources plus pauvres en tonalite du centre de la province. Les données 

concordent bien avec le fait que la Suite de Snow Island constitue un segment d’arc magmatique continental à vergence ouest,

dans lequel se sont accumulés des magmas ma ques qui ont entraîné une fusion de la lithosphère inférieure, laquelle a produit

des liquides magmatiques intermédiaires qui sont montés et ont induit une fusion additionnelle dans la croûte intermédiaire à

supérieure en générant du granite.
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INTRODUCTION

The Rae Province of the northern Canadian Shield is

characterized by an extensive intrusive suite emplaced at

ca. 2.6 Ga, which is present from the southernmost Archean

exposures north of Athabasca Basin to the Arctic Ocean

(Fig. 1). The initial description of widespread plutonism and

volcanism at 2.6Ga in the Rae Provincewas byLeCheminant

and Roddick (1991), who published a set of U-Pb ages on

three granitic and two dacite porphyry rocks. One of these

ages was from a porphyritic (megacrystic) monzogranite

in central Dubawnt Lake (located in Fig. 1). Further map-

ping in that area revealed cogenetic rock types ranging from

pyroxenite, gabbro, and diorite through enriched leucogran-

ite (Peterson, 2006). Snow Island, in western Dubawnt Lake

(Tyrrell, 1896; Tyrrell and Senecal, 1897) was referenced by

Peterson and Lee (1995) as the type locality for the Snow

Island Suite plutonic series, here expanded to include vol-

canic equivalents. Outcrops of Snow Island Suite volcanic

rocks, as well as large intrusive bodies, are widely exposed

in the region between theAmer belt and Baker Lake (Ashton,

1988; Zaleski, 2002; Je erson et al., this volume); known

as the Marjorie–Kiggavik–Tehek belt, it is de ned here as

the geographic area of Neoarchean supracrustal rocks that

extends from the Marjorie Lake region in the southwest,

through the Kiggavik uranium camp, up to and including the

western Tehek Lake area (MKT on Fig. 1; see also Je erson

et al., this volume). The volcanic rocks were named the

Pukiq Lake Formation (Peterson et al., 2015a) after expo-

sures of dacite west of Pukiq Lake, southwest of Baker Lake

(LeCheminant et al., 1981).

ExposedArchean bedrock in the Dubawnt Lake area and

northeast through central Rae Province to the Tehery Lake–

Wager Bay area is approximately 50% Snow Island Suite,

and some structural domains in southern Rae Province are

almost 100% Snow Island Suite (e.g. the Nolan domain:

Cloutier et al., 2017, 2021). The 1:550 000 geology map and

accompanying notes of northwestern Rae Province (Skulski

et al., 2018) incorporated several Snow Island Suite–aged

intrusive units and demonstrated a close relationship between

some Snow Island Suite intrusive units and migmatization of

older Neoarchean supracrustal rocks (Committee Bay belt).

The global distribution and widespread nature of Snow

Island Suite–age magmatism has been highlighted as a key

component in the reconstruction of Archean superconti-

nents, being common to at least ten cratons or cratonic

fragments worldwide (Pehrsson et al., 2013a). In support of

the pan–Rae Province GEM-2 (Geomapping for Energy and

Minerals, phase 2) study, which collated multiple data sets

to constrain the history of the province, the present authors

have attempted to determine the igneous rock types that are

present within this province-wide event, and any patterns in

their distribution that will point toward tectonic processes

and polarities. The principal questions to address were: to

what extent was Rae Province assembled during this event?

What were the heat and magma sources? What was the

nature of crust and mantle interaction?

DEFINING THE SNOW ISLAND 

SUITE: EXTENT IN SPACE AND

TIME

Snow Island Suite activity

The age range of the Snow Island Suite (2.62–2.58 Ga)

is de ned as the large peak centred on 2.605 Ga in the age

distribution of 2.67–2.57 Ga igneous rocks for the entire Rae

Province (Fig. 2a). Figures 2b to 2f show the distribution

of age data in selected intervals between 2.64 and 2.58 Ga.

The data set includes U-Pb crystallization ages archived

in the Canadian Geochronology Knowledgebase (Natural

Resources Canada, 2022; current to 2016), supplemented by

recently acquired data from projects in the GEM programs

(see also Je erson et al., this volume). Additional ages for

southeastern Rae Province are from Regan et al. (2017a, b).

Previously unpublished U-Pb ages and lithogeochemical

data fromMelville Peninsula are included here in graphs and

map plots (Corrigan et al., 2013; N. Wodicka, unpub. U-Pb

data, 2012; L. Nadeau, unpub. geochemical data, 2012). The

extent of Snow Island Suite–intruded crust is a subset of the

Rae Province as currently de ned (Pehrsson et al., this vol-

ume); this paper will refer to this area as Rae Province–Snow 

Island Suite.

Figure 1. Locations of U-Pb crystallization age data for Rae Province (Rae) in the range 2.64–2.58 Ga (encompasses 

ranges of Snow Island Suite (SIS) and Marjorie peak). Cool colours (blues) = old ages, warm colours (reds) = young 

ages (see Fig. 2a for separated age bins). There are no data in this age range from the Repulse Bay Block (RBB), 

Queen Maud Domain (QM), the Thelon tectonic zone (Ttz), or the Hearne Province (HP) proper (see text). The extent 

of the Repulse Bay Block, expanded from Corrigan et al. (2013) and Skulski et al. (2018), is based on the distribution 

of Snow Island Suite plutons outside of the block and the bounding Wager shear zone along its southern margin. 

Ab = Amer belt, BC = Borden complex, BL = Baker Lake, BP = Boothia Peninsula, CBb = Committee Bay belt area, 

                   

                  

SP = Slave Province, Stz = Snowbird tectonic zone, WB = Wager Bay, YL = Yathkyed Lake.



341

T.D. Peterson et al.



342

GSC Bulletin 612

The boundary between Rae Province–Snow Island

Suite and Hearne Province north of Athabasca Basin coin-

cides with a series of ca. 1.9–1.8 Ga shear zones spatially

associated with uplifted granulite facies rocks, stitched by

Proterozoic dykes and granitic intrusions (1.83–1.75 Ga),

which is broadly termed the Snowbird tectonic zone

(Fig. 1; see e.g. Regis et al., 2021). No ages in the Snow

Island Suite range have been recorded in the Repulse Bay

Block (Corrigan et al., 2013; LaFlamme et al., 2014), which

comprises part of Melville Peninsula, but there are numer-

ous examples from the Chester eld Block, a domain with

complex and uncertain relations to the remainder of Rae

Province and to the Snowbird tectonic zone (e.g. Berman

et al., 2007). The northwestern limit of Rae Province–Snow

Island Suite, at the eastern margin of the Queen Maud

Block, was established in reconnaissance transect stud-

ies by Davis et al. (2013) and Berman et al. (2015a). The

northern termination of Rae Province–Snow Island Suite,

both at the base of Boothia Peninsula and o  the northern

tip of Melville Peninsula (Fig. 1), potentially corresponds to

younger structures such as Proterozoic fold and thrust belts,

and shear zones. The eastern termination of Rae Province–

Snow Island Suite across and beyond Southampton Island

is not de ned. Only two Snow Island Suite intrusive ages

have been obtained on Southampton Island (Fig. 1, 2) and

only about 20% of the Archean exposures there correspond

to mapped units that could be Snow Island Suite (Sanborn-

Barrie et al., 2014); that is a small amount compared to

most of the Rae Province (e.g. Peterson, 2006; Je erson

et al., 2015; Bethune et al., 2016). Across Foxe Channel, the

Snow Island Suite is absent from Ba n Island. The present

authors cannot specify whether the plutonic province simply

faded across Southampton Island, or if it ends abruptly at an 

eastern structure.

The southeast margin of Rae Province presents a com-

plex scenario, with Snow Island Suite activity within at least

four domains structurally separated from each other and the

remainder of Rae Province–Snow Island Suite (Fig. 2b, d).

No precise U-Pb ages within the Snow Island Suite interval

have been recorded from the Snowbird Domain north of 60°

latitude (Martel et al., 2008) or the continuousDodgeDomain

to the south (e.g. Ashton et al., 2017a, b), but Peterson et al.

(in press) identi ed several probable Snow Island Suite

occurrences in Snowbird Domain from lithogeochemis-

try. The Thye Lake gabbro in southern Snowbird Domain

(Acosta-Góngora et al., 2018) has an imprecise U-Pb age

of 2609 ± 29 Ma (Regis et al., 2017a) and, as its composi-

tion closely resembles certain Snow Island Suite gabbroic

rocks, the present authors interpret it as part of the Snow

Island Suite. The Wholdaia Lake shear zone, on the west

margin of the Snowbird Domain (inset, Fig. 2d), contains

a large volume of Snow Island Suite–aged ma c granulite,

and minor trace-element–depleted high-silica Snow Island

Suite granite (Thiessen et al., 2018). East of the Snowbird

Domain is the narrow Chipman Domain, which continues

south where it is separated from the Dodge Domain by the

Tantato Domain (also known as East Athabasca mylonite

triangle). The Chipman Domain is distinctively dominated

by tonalite older than 3 Ga, but it is intruded by Snow Island

Suite granite (‘Fehr granite’, 2598 ± 3 Ma: Hanmer et al.,

1994) and so constitutes the known eastern boundary of

southern Rae Province–Snow Island Suite.

Intrusions of Snow Island Suite age occur throughout the

Slave Craton (e.g. Davis et al., 1994), but the age distribu-

tion in that craton is much more episodic (Fig. 2a, inset) and

the two provinces are separated by metamorphic domains

where ca. 2.6 Ga ages are absent (Fig. 1). The present authors

therefore consider these to be separate Neoarchean igneous

provinces. In the Hearne Province, ca. 2.6 Ga plutonic rocks

occur sporadically in drill core in the Alberta subsurface

(e.g. Villeneuve et al., 1993) and in outcrop as far north as the

Mudjatik Domain, on either side of Athabasca Basin (Regan

et al., 2017b; Card et al., 2018), but to the present authors’

knowledge all outcrop with Snow Island Suite ages within

Hearne Province are very near the Snowbird tectonic zone,

where they can be attributed to early Proterozoic imbrication

of Snow Island Suite–bearing Rae Province crust.

Pre–Snow Island Suite activity

The Snow Island Suite–age interval was immediately

preceded by activity re ected in a small age peak centred

on 2.635 Ga (2.645–2.625 Ga, Fig. 2a) that the authors term

the Marjorie peak from a supracrustal panel in the central

Rae Province (Marjorie Assemblage) that yielded a detrital

zircon age population of 2.63 Ga (blue polygon in Fig. 2b; 

Je erson et al., this volume). Intrusive ages within this

interval (located in Fig. 2b) are primarily from south and

central Rae Province, including the Chester eld Block. The

Marjorie peak ages in southern Chester eld Block have been

correlated with nappe emplacement in the Yathkyed Lake

area (MacLachlan et al., 2005), followed by upright refolding

Figure 2. a) Histogram of Snow Island Suite (SIS) age data in 5 Ma bins, including pre–Snow Island Suite activity 

(peaks labelled MP = Marjorie peak and ESP = early sanukitoid peak, see text). The histogram plot takes no account 

of errors; these are typically about ±5 Ma. Inset shows data in the same range for the Slave Province. b) Locations 

of ages in the pre–Snow Island Suite Marjorie peak interval; c), d), e), f) distribution of Snow Island Suite age data 

in selected time intervals as noted. Units and colour coding of symbols are as in Figure 2a. The polygon symbols 

in Figures 2b and 2e represent detrital zircon maximum ages in pelitic and epiclastic rocks, respectively (see text). 
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during emplacement of Snow Island Suite–aged monzo-

granite. Areas with Marjorie peak activity were mostly also

sites of the earliest Snow Island Suite granitoid activity at

ca. 2.62 Ga (Fig. 2b, c); this is particularly evident in the

Tantato Domain. The upper deck of the Tantato Domain

contains an extensive unit of gabbro at eclogite-facies meta-

morphic grade (Axis Lake gabbro; Hanmer et al., 1994),

which has been dated at 2639 ± 19 Ma and 2636.6 ± 8.3 Ma

(Regis et al., 2017a). Hanmer et al. (1994) initially argued

for most of the deformation observed in Tantato Domain

to be synintrusive, near 2.6 Ga. Although metamorphism

and uplift throughout this domain was subsequently dem-

onstrated to occur in at least four post–Snow Island Suite

events (most recently by Lamming, 2019), Dumond et al.

(2010) argued that Archean structures have been transposed

and that some deformation at ca. 2.6 Ga is still observable,

particularly within Snow Island Suite–aged granite and dia-

texite. Archean deformation in Tantato Domain would have

been approximately synintrusive with the Bohica ma c

complex in the lower deck, imprecisely dated near 2.6 Ga

(Hanmer et al., 1994).

The Marjorie peak rocks are the oldest that the authors

identify as linked to the Snow Island Suite tectonic event.

The period prior toMarjorie peak in the range 2.67–2.645 Ga

includes south Rae Province granitoid rocks with sanu-

kitoid a nities (Peterson et al., in press), but the data are

dominated by intrusions throughout the Chester eld Block

(e.g. MacLachlan et al., 2005; Davis et al., 2006) and a sanu-

kitoid belt in the Repulse Bay Block (LaFlamme et al., 2014;

here termed sanukS). The present authors term this inter-

val the early sanukitoid peak (Fig. 2a). A second, undated

sanukitoid belt north of the Repulse Bay Block is spatially

associated with Snow Island Suite samples (sanukN group).

Although not necessarily associated with the Snow Island

Suite event, the presence of pre-existing sanukitoid-gener-

ating lithosphere is noted, as igneous provinces in the early

sanukitoid peak age range display distinctive characteristics

that may re ect crustal blocks with independent histories

before formation of the Snow Island Suite.

OUTCROP DESCRIPTION OF THE 

SNOW ISLAND SUITE

Intrusive rocks

Intrusive rocks of the Snow Island Suite (examples in

Fig. 3; see also Cloutier et al., 2021) are exposed at all crustal

levels, and at metamorphic grades from greenschist to granu-

lite facies (e.g. Acosta-Góngora et al., 2018; Je erson et al.,

this volume). Rae Province experienced several episodes of

metamorphism from 2.5–1.5 Ga (Pehrsson et al., this vol-

ume) and in most Snow Island Suite outcrops, both prograde

and retrograde metamorphic assemblages are observed.

Charnockite has been recorded in northwest Rae Province

(Skulski et al., 2018). Snow Island Suite intrusions within

metasedimentary belts, such as the Committee Bay belt,

include abundant metasedimentary screens, diatexite, and

pegmatite (Skulski et al., 2003); diatexite is also prominent

in the Tantato Domain (Hanmer et al., 1994). At Dubawnt

Lake, older gneiss near Snow Island Suite plutons contains

abundant injection migmatite (Peterson, 2006), and granitic

phases of mixed gneiss east of the Queen Maud Block com-

monly yield Snow Island Suite ages (e.g. Davis et al., 2013,

2014). In contrast, in the central Rae Province region span-

ning the Amer belt to Dubawnt Lake area, where volcanic

Snow Island Suite outcrops are widespread, the contact

zones of many intrusions are agmatitic, being choked with

angular inclusions of the Woodburn Lake group, including

basalt and iron-formation (Je erson et al., this volume). The

agmatite portions of the Snow Island Suite intrusions are

consistent with subvolcanic stoping (Peterson et al., 2015a).

Intramagma chamber stoping is also well exposed in ma c

rocks within a large bimodal intrusion along the Chantrey

fault zone (Station 12NK-L008; 2595.7 ± 3 Ma; Davis et al.,

2014).

Granitic and intermediate intrusive rocks

Themost widely recognized Snow Island Suite lithology

is megacrystic granodiorite to monzogranite with centime-

tre-scale potassium feldspar phenocrysts or polycrystalline

rafts (Fig. 3a); these remain identi able even at high strain.

Figure 3. Outcrop and hand sample photographs of felsic Snow Island Suite and related intrusive rocks. a) Detail of 

pre–Snow Island Suite (2668 +9/–6 Ma) sanukitoidal Super Mario Granite, south Rae Province (Martel et al., 2008). 

Note pegmatite bands and granite matrix choked with pegmatite debris. Pen for scale is 14 cm. b) Weakly deformed 

Snow Island Suite infrastructural granite (lithochemical group SISf1) at station 15EM55, south Rae Province, 

                         

c), d) Moderately deformed outcrop in south Rae Province (station 15EM68A) of Snow Island Suite sanukitoidal 

intermediate rock, dated at 2605 ± 7 Ma. Multiple intrusive events and mutually crosscutting relations are the norm 

in dioritic Snow Island Suite plutons; note metamorphic garnet in Figure 3d. Length of hammer in Figure 3c is 40 cm 

long. Photos a), b), c), d) courtesy of E. Martel. e) Detail of syenogranite leucogranite (lithochemical group SISf1x 

              ± 2 Ma). 

Photograph by T. Peterson. NRCan photo 1989-183. f) Porphyritic SISf1 intruding Snow Island Suite diorite and  

gabbro, western Dubawnt Lake. Hammer is 30 cm long. Photograph by R. Rainbird. NRCan photo 1988-184.
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Although megacrystic monzogranite is characteristic of the

Snow Island Suite, identical textures are observed in some

older tonalitic or sanukitoidal granite intrusions, such as

the 2.668 Ga Super Mario granite in south Rae Province

(Martel et al., 2008; Fig. 3b), equivalent granitoid rocks

in Dodge Domain (Knox et al., 2011), 2.76 Ga granodio-

rite in northeast Melville Peninsula (Skulski et al., 2018; 

N. Wodicka, unpub. U-Pb data, 2012), and 2.69 Ga mon-

zogranite in the Tehery Lake–Wager Bay area (Steenkamp

et al., 2023a, b, c).. Although most of the large potassium

feldspar crystals in the Snow Island Suite rocks appear to be

phenocrysts, some outcrops provide evidence that disrup-

tion and incorporation of pegmatite may be responsible for

the profusion of large crystals (e.g. Fig. 3a). Equigranular

granitoid rocks are subordinate in the Snow Island Suite.

The largest mapped example, in northern Dubawnt Lake, is

an approximately 100 km2 syenogranite body in intrusive

contact with megacrystic monzogranite (Peterson, 2006;

Fig. 3e).

Although synintrusive deformation has been documented

or interpreted in the Chester eld Block (Yathkyed Lake,

MacLachlan et al., 2005), along the Chester eld fault zone

(Wodicka et al., 2017), and in the Tantato Domain (Hanmer

et al., 1994), a detailed and targeted study in the Committee

Bay belt found no evidence for this (Sanborn-Barrie et al.,

2014), and most deformation in all areas is presumed to be

Proterozoic. The margins of subhorizontal, tabular bodies

of Snow Island Suite granite in the Marjorie-Kiggavik-

Tehek belt are strongly deformed, with footwall mylonite

well preserved in places (Je erson et al., this volume) and

thrust contacts in others (e.g. Kjarsgaard et al., 1997). These

large (approaching 1000 km2) exposures of Snow Island

Suite granitoid rocks have been interpreted as tectonized

sheets overlying thrust faults, that were later folded during

Hudsonian deformation (Thomas, 2012; Tschirhart et al.,

2013, 2015, 2017). These sheets are considered to have been

displaced from the upper portions of intrusions, probably

during the pre-1.90 Ga D
P1
of Pehrsson et al. (2013b; age

constrained by Je erson et al., this volume). The upper por-

tions of the sheets and their contacts with the structurally

overlying Pukiq Lake Formation are also highly tectonized,

such that the primary geometric relationships between the

granite and the rhyolite are unknown.

A Snow Island Suite granite body (approximately

300 km2), underlain by mylonitized porphyritic granite,

comprises the southern portion of the Borden complex

in the Gordon Domain (Wodicka et al., 2017) (Fig. 4).

The Borden complex, comprising two bodies in ca. 2.90–

2.68 Ga tonalite-rich gneiss, is the most studied individual

Snow Island Suite body to date. Nondeformed outcrops near

the core of south Borden complex (35 km x 10 km) domi-

nantly expose felsic porphyry consisting of equant, irregular

alkali feldspar clusters or single crystals 1 to 2 cm wide in a

dark matrix containing biotite and hornblende; the clusters

are made highly visible by thin rims of plagioclase and/or

quartz myrmekite in a pseudo-rapakivi texture (Fig. 4e). The

north Borden complex is a 40 km x 15 km intrusive body

with similar porphyry granite present on the north edge, but

with an interior of granitic migmatite laced with pegmatite,

bearing macroscopic molybdenite (Fig. 4b). Potential  eld

modelling indicates that the south Borden body is the thinner

body, with about 800 m of structural thickness (Fig. 4f). The

observations are consistent with a rim of mobile porphyry

surrounding and capping a migmatite core (north body), and

a slice of porphyry displaced from its roof and transported

south on a  at-lying shear zone (south body). Minor dioritic

outcrops within south Borden complex are typically nonpor-

phyritic or with sparse plagioclase phenocrysts (Fig. 4d), and

can have mutually crosscutting relationships with granitic

phases or be mingled with them, as described by Peterson

(2006) (see also Fig. 3f).

Ma c intrusive rocks

Ma c members of the Snow Island Suite are volu-

metrically subordinate, but have been identi ed in outcrop

throughout south and central Rae Province–Snow Island

Suite up to the south margin of the Repulse Bay Block.

Ma c intrusions within the Neoarchean rocks underlying the

southeast edge of the Amer belt are weakly to nondeformed

with primary igneous assemblages of orthopyroxene with

Figure 4. a)               

area (Wodicka et al., 2017). At = tonalite-rich gneiss, Ag = undivided Archean granite (likely Snow Island Suite 

(SIS)), PHg = Hudson granite (Proterozoic). In the legend, SISfh are samples with both infracrustal and sanukitoidal  

characteristics (interpreted as hybrids), which would normally be folded into group SISfs. b) Molybdenite-bearing 

granitic migmatite, core of northern body. Photograph by T. Peterson. NRCan photo 2015-185. c) Strongly foliated 

porphyritic Snow Island Suite. Foliation is parallel to the southern contact. Sledgehammer for scale is 1 m long. 

Photograph by T. Peterson. NRCan photo 2015-186. d) Plagioclase-porphyritic SISmbc. Photograph by T. Peterson. 

NRCan photo 2015-187. e) N          

Photograph by T. Peterson. NRCan photo 2015-188. f)        

A-A in nanoteslas, north to the left. g) The interpreted igneous bodies emplaced in a homogeneous tonalite (yellow) 

                  

             see text). Rock densities and 

magnetic susceptibilities were measured from hand samples. VE = vertical exaggeration.
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abundant hornblende and subordinate clinopyroxene and

magnetite, and include oikocrystic (orthopyroxene including

amphibole and oxides) cumulates with tonalitic segregations

(Fig. 5a) (Peterson et al., 2015a). An orbicular leucogab-

bro from the Marjorie-Kiggavik-Tehek belt (Fig. 5b) had

the crystallization sequence orthopyroxene+hornblende+ 

plagioclase (orbicule centres), plagioclase (orbicule rims),

and plagioclase+hornblende+opaques (interstices).Aweakly 

deformed outcrop of a granodioritic Snow Island Suite intru-

sion north of the Thelon Basin displays features consistent

with magmatic channel erosion of a homogeneous  oor, fol-

lowed by ma c crystal sedimentation that recorded at least

one large trough crossbed truncation (Fig. 5c, d) (site of

sample 12NK-L008, described and dated at 2595.7 ± 3 Ma

by Davis et al., 2014).Another part of the outcrop exposes an

angular block of banded ma c material enclosed in granodi-

orite (Fig. 5e), recording stoping of a previously crystallized,

layered ma c phase and its incorporation within granodio-

rite that was, in turn, scoured and in lled by turbulent  ow

of another ma c pulse.

The most magnesian Snow Island Suite rocks recognized

(22% MgO) are at Dubawnt Lake (Fig. 1), where a weakly

deformed, coarse olivine websterite cumulate intrusion

(orthopyroxene phenocrysts with olivine inclusions, magne-

tite, and minor clinopyroxene and phlogopite) is exposed on

a series of islands, between mainland bodies of Snow Island

Suite diorite and megacrystic monzogranite at the centre of

the lake (Peterson, 2006). Dated ma c Snow Island Suite

rocks in the Wholdaia Lake shear zone on the west edge

of Snowbird Domain in south Rae Province (Fig. 2d) were

strongly deformed and metamorphosed at granulite facies,

at ca. 1.9 Ga (Thiessen et al., 2017), which obscured their

primary mineralogy and original emplacement level. Nearby

Ni-enriched ma c gabbro at Thye Lake, southern Snowbird

Domain, is similarly metamorphosed. Both of these gabbro

units intrude pelitic sequences, which in the case of Thye

Lake, have similar trace-element enrichment pro les, con-

sistent with volcanogenic sediment (Acosta-Góngora et al.,

2018).

Ma c rocks occupy both the upper and lower structural

decks in Tantato Domain (Fig. 2b; Hanmer et al., 1994).

The older Axis Lake gabbro (pre–Snow Island Suite, during

Marjorie peak time) of the upper deck, with both intrusive

and volcanic rocks interpreted in outcrop, is at eclogite

facies. Both the Axis Lake gabbro and the granulite-facies

ma c Bohica complex of the lower deck (early Snow Island

Suite interval) are intrusive into pelite, and both upper and

lower decks were extensively intruded by Snow Island

Suite–aged granite starting at 2.62 Ga. Similar ma c rocks

immediately westward in Dodge Domain (Knox et al., 2011)

are likely correlative with Thye Lake and Bohica complex or

Axis Lake gabbro units; all of these localities have Ni show-

ings and are dominated by orthopyroxene, hornblende, and

magnetite-rich rocks.

Volcanic rocks (Pukiq Lake Formation)

Hand sample and outcrop photographs of volcanic Snow

Island Suite rocks are in Figure 6. The  rst recognized exam-

ples of volcanic rocks were sparsely plagioclase-porphyritic

dacite intrusions exposed in homogeneous, erosionally iso-

lated outcrops within the Marjorie-Kiggavik-Tehek area that

resemble the interiors of siliceous domes, as at Pukiq Lake

(Fig. 6a) and Akiliniq Hills (LeCheminant and Roddick,

1991). Snow Island Suite volcanic rocks are preserved at

the base of Paleoproterozoic (2.1–1.7 Ga) sedimentary

sequences at several locations within theMarjorie-Kiggavik-

Tehek belt (Je erson et al., 2015, this volume). At a locale

southeast of Aberdeen Lake (Fig. 7), Snow Island Suite rhy-

olite (e.g. Fig. 6b), locally intercalated with epiclastic rocks,

forms the soles of imbricate thrust faults carrying quartzite

of the early Paleoproterozoic Ketyet River group (Anand

and Je erson, 2017). Along the southeast side of the Amer

belt, highly strained Snow Island Suite basalt (Fig. 6c) and

rhyolite are intercalated between Snow Island Suite diorite to

granite and the basal conglomerate of the Amer Supergroup.

Snow Island Suite volcanic and granite clasts are abundant

in most exposures of the basal Paleoproterozoic conglom-

erate in the Ketyet River and Amer fold and thrust belts

(Je erson et al., 2015, this volume). The Snow Island Suite

silicic volcanic rocks are challenging to map in some places

because the basal Paleoproterozoic quartzite includes foli-

ated sericitic layers that super cially resemble the highly

strained sericitic rhyolite (McEwan, 2012). In the Tern Lake

area near the Meadowbank gold mine, subvolcanic porphyry

intrudes felsic volcaniclastic rocks.

Snow Island Suite ma c volcanic rocks have been found

in three localities along the southeast  ank of the Amer belt.

The ma c volcanic rocks contain sparse millimetre-scale

equant plagioclase phenocrysts, and locally exhibit silici ed

Figure 5.       a) Outcrop of homogeneous orthopyroxene-hornblende gabbro 

with tonalite segregations, south of Amer belt. Length of pen is 14 cm. Photograph by T. Peterson. NRCan photo 

2012-189. b)          

Tehek belt (11PHA-36A, undated). Length of pen is 14 cm. Photograph by T. Peterson. NRCan photo 2012-190. 

c), d) Photograph and interpretation of layered features in gabbroic phases of mixed intrusion north of Thelon Basin 

   ± 3 Ma; Davis et al., 2014; see Fig. 7 for location). Lines in Figure 5d (sketch) follow 

textural features of photograph 5c. Figure 5c: NRCan photo 2022-319. e) Dark grey, layered gabbro enclosed in 

massive pink granodiorite at the same outcrop as Figure 5c and 5d. Field of view is 50 cm. See text for interpretation. 
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 ow-top breccia (Fig. 6c). Snow Island Suite ma c  ows are

distinguished from the younger tholeiitic basalt of the Amer

and Ketyet River groups by siliceous rather than carbonate

alteration and by intercalation with felsic volcanic rocks that

are lacking from the Amer and Ketyet River belts.

Detrital rocks correlated by geochronology with Snow

Island Suite silicic volcanic sources are all turbiditic to

laminated, with no evidence of shallow-water reworking

(Je erson et al., this volume). Rare outcrops of well pre-

served lapilli tu  appear to be subaerial and not reworked

in any way. An epiclastic volcanic unit exposed in a tight

synformal keel on Southampton Island, has a youngest dated

zircon of 2599 ± 15 Ma (Fig. 2e), in a detrital population

with a dominant mode at ca. 2.61 Ga and sporadic zircon

results as old as 3.2 Ga (Sanborn-Barrie et al., 2014). This

is the sole known example of preserved Snow Island Suite

volcanism outside the Marjorie-Kiggavik-Tehek belt.

Depositional basement to Snow Island Suite

supracrustal rocks

The Marjorie-Kiggavik-Tehek belt in central Rae

Province contains a series of seven, mostly pre–Snow Island

Suite Neoarchean assemblages of the Woodburn Lake group

(Fig. 7) with detrital and igneous zircon samples ranging

from 3.1 Ga (Hunter et al., 2018) to 2.60 Ga (Davis, 2021).

Tectonically emplaced sheets of Snow Island Suite granite

structurally overlie the margins of the Amarulik Basin and

cover much of the rest of the Woodburn Lake group (Fig. 7).

The lithology, geographic and tectonic relationships, and

Figure 6. Flatbed scans of polished hand sam-

ples of Snow Island Suite volcanic rocks. a) Dacite, 

      

b) S    

      see 

Fig. 7 and text). c) Weakly deformed top of basalt 

       

Figure 7.            after   

(this volume). Numbers are derived from zircon age populations (see text for references). Crosses (+) are prominent 

           ± 3 Ma gabbro-granodiorite referring to 

Figure 5c is a crystallization age. The detrital zircon maximum age of 2628 Ma in the Marjorie Basin is this study’s type 

example within the pre–Snow Island Suite interval (Marjorie peak, Fig. 2a). Both Snow Island Suite and Marjorie peak 

                  

                    

2.65 Ga. Continuing assessment of bedrock data northeast of the Amer shear zone is revealing that undivided gneiss 
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geochronology of theWoodburn Lake group are summarized

in Je erson et al. (this volume).Although di erences in met-

amorphic grade and deformation are present, the Woodburn

Lake assemblages comprise ultrama c (some komatiitic)

through ma c to felsic volcanic basal and middle units that

are overlain by epiclastic beds or turbiditic psammite, com-

monly with iron-formation. Very minor quartz arenite and

carbonate units in the Pipedream andAmarulik assemblages

are thin and discontinuous. The contacts between Woodburn

Lake group assemblages are all structural, except for the

unconformity between the Pipedream and Amarulik assem-

blages. These attributes are consistent with the Woodburn

Lake group being a tectonic assembly of individual volcanic

edi ces that initially formed as island arcs, oceanic plateaus,

and/or micro-continents, potentially with back-arc basins

(e.g. Kjarsgaard et al., 1997; Zaleski, 2002; Hunter et al.,

2018).

The ultrama c to ma c volcanic-rich Rumble assem-

blage, which underlies Snow Island Suite ma c and/or felsic

supracrustal rocks south of the Amer belt (and is intruded by

Snow Island Suite gabbro to granodiorite) (Fig. 7), includes

auriferous iron-formation in greywacke with a maximum

depositional age of ca. 2.65 Ga (Valette et al., 2019), which

is also synchronous with the early Marjorie peak and/or 

late early sanukitoid peak. Its relationship to the Snow

Island Suite or other Marjorie peak suites is unclear. The

three youngest assemblages of the Woodburn Lake group

are clearly relevant to the Snow Island Suite, as they tem-

porally overlap and may be part of a continuous syn–Snow

Island Suite sequence. The Amarulik assemblage  lled an

extensional basin bounded by the Pipedream assemblage

on the northeast and southwest, and by the Half Way Hills

assemblage on the southeast (Fig. 7). The basal Amarulik

conglomerate has detrital zircon as young as 2.68 Ga, but

its middle sequence has the youngest detrital zircon of the

entire Woodburn Lake group, at 2.60 Ga (Davis, 2021) — 

at the peak of Snow Island Suite activity — and its upper

sequence appears to be even younger (Je erson et al., this

volume).

Snow Island Suite rocks were widely deposited directly

upon, and/or intruded all but the Amarulik and Marjorie

assemblages. Rare outcrops of Pukiq Lake formation over-

lie the Marjorie assemblage, and possible Snow Island Suite

plutons cut its western portion south of Aberdeen Lake

(Hunter et al., 2018; Je erson et al., this volume).

LITHOGEOCHEMISTRY

The lithogeochemical study builds outward from

the GEM-2 south Rae Province, GEM-2 Tehery-Wager,

and GEM-1 Uranium data sets in south and central Rae

Province–Snow Island Suite (Fig. 1), and is supported by

abundant geochronological data and digitized  eld observa-

tions. The GEM study areas also encompassed some older

studies and legacy data sets. These data were employed to

identify and expand populations based on consistent trace-

element characteristics, from the Nunavut-Saskatchewan

border through Dubawnt Lake, Amer belt and/or Kiggavik

camp, and Tehery Lake–Wager Bay regions.

The remaining area, in northwest Rae Province–Snow

Island Suite (i.e. Committee Bay belt, Melville Peninsula,

and south of Boothia Peninsula) is covered by the map of

Skulski et al. (2018), and interpretation of unpublished

lithogeochemical data from this area was more limited.

Snow Island Suite intrusions in the Committee Bay belt

are interpreted as dominantly S-type granite (Skulski et al.,

2003), although diorite is present (Sanborn-Barrie et al.,

2014). Data from Melville Peninsula (Corrigan et al., 2013;

L. Nadeau, unpub. data, 2012) were individually screened

and compared to the Snow Island Suite groups, but were not

used to de ne them. Data from south of Boothia Peninsula

(Ryan et al., 2009) and the other northern Rae Province–

Snow Island Suite areas have been holistically interpreted in

a Neoarchean-speci c discrimination diagram (late Archean

granite ternary diagram, below).

Elemental analyses

Whole-rock elemental analysis for the GEM projects

was performed at Actlabs (Ancaster, Ontario; http://www.

actlabs.com) by XRF, ICP-MS, and titration using the same

procedures as in Peterson et al. (2015a, in press). The full

database of Snow Island Suite analyses is in Appendix A

(this report). Identi cation of lithogeochemical groups was

primarily made in chondrite-normalized REE diagrams and

MORB-normalized multi-element diagrams. Representative

and average compositions are given in Table 1.

As this study’s data set includes gneissic and other

strongly deformed rocks metamorphosed at high metamor-

phic grade, post-igneous mobilization of some elements

as well as phenocryst accumulation, etc. will have been in

action to move individual rock compositions away from

those of actual magmas. Some of this study’s samples

demonstrably belong within a given group, but have anom-

alous values in one or more elements; these samples were

generally excluded from average calculations. The principal

lithogeochemical groups, which fall into two clans, are iden-

ti ed in a total alkalis–silica plot in Figure 8. They are:

A felsic infracrustal (crustal migmatite) clan, containing

more than 50% of all samples.

 • SISf1: dominantly porphyritic monzogranite;

 • SISf1x: high-silica fractionated (or with evolved sources)

granite associated with SISf1;

 • SISt: mostly younger granitoid rocks with distinctly

tonalitic trace-element patterns.

A sanukitoidal clan, which includes some felsic and nearly

all intermediate and ma c rocks.

 • SISfs: felsic sanukitoidal rocks;
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Group SISm1 SISmbc SISi SISf1 SISf1x SISt SISfs SISfsx sanukS sanukN

n 23 5 43 57 29 14 23 4 6 12

SiO
2

50.33 49.35 58.77 66.79 74.92 69.49 67.40 76.07 53.08 54.67

TiO
2

1.00 1.20 0.95 0.56 0.20 0.34 0.63 0.20 1.58 1.08

Al
2
O

3
15.75 15.61 15.57 14.79 13.07 14.87 14.48 12.94 16.19 15.55

Fe
2
O

3
3.37 4.78 2.17 1.57 0.78 0.80 1.70 0.63 3.02 3.06

FeO 7.61 8.89 5.87 3.10 0.88 2.03 2.65 0.72 6.35 6.42

MnO 0.17 0.18 0.12 0.07 0.03 0.04 0.08 0.02 0.11 0.12

MgO 6.47 5.77 2.92 1.39 0.41 0.93 0.99 0.31 3.31 5.01

CaO 9.17 9.22 5.24 2.92 0.67 2.34 2.43 0.21 6.37 7.19

Na
2
O 2.90 2.90 3.45 3.14 3.16 3.21 3.50 3.11 3.75 3.41


2
O 0.95 0.69 2.54 3.97 4.74 4.43 4.46 4.68 3.07 2.28

P
2
O

5
0.20 0.19 0.30 0.15 0.04 0.09 0.23 0.02 1.01 0.47

S 0.10 0.02 0.05 0.03 n/a 0.02 0.04 0.13 0.15 0.09

F 157 0 240 203 415 77 100 120 n/a n/a

Rb 29 14 84 142 182 129 121 114 71 83

Cs 1.0 0.7 2.9 2.6 2.0 1.6 1.7 1.2 3.1 2.0

Be 1.0 0.5 1.7 2.5 2.4 1.7 2.0 2.0 n/a n/a

Sr 422 474 474 301 113 421 469 84 1565 759

Ba 276 339 1056 1059 621 1096 2064 1577 3036 883

Sc 29 34 17 11 4 6 9 5 12 20

Y 20 13 24 30 33 7 31 34 30 25

Zr 88 51 223 246 228 163 437 271 433 188

Hf 2.25 1.30 5.34 6.63 7.01 4.29 9.87 7.46 8.36 4.74

V 202 329 108 50 11 45 35 0 147 161

Nb 4.7 1.6 8.9 12.4 17.1 5.5 13.8 16.7 18.5 13.2

Ta 0.31 0.12 0.73 0.98 1.39 0.44 0.81 1.14 0.59 0.81

Cr 181 78 126 37 29 36 17 27 83 146

Co 45 47 28 15 18 6 6 17 24 31

Ni 105 70 38 16 4 22 6 8 35 76

Zn 93 130 93 65 39 41 79 25 141 99

Pb 8 10 16 21 29 19 26 15 30 11

La 20 12 36 62 62 48 108 76 141 53

Ce 45 26 76 127 129 92 216 157 365 115

Pr 5.7 3.2 9.2 14.5 14.0 9.9 24.0 18.3 39.5 14.1

Nd 23.2 13.4 36.9 53.1 47.9 33.9 84.7 65.6 136.4 55.1

Sm 4.62 2.89 6.96 9.18 8.08 5.02 12.63 9.98 20.22 9.29

Eu 1.40 1.20 2.04 1.62 0.83 1.23 2.70 1.85 3.97 2.33

Gd 4.24 2.80 5.80 7.16 6.18 3.04 8.58 7.72 14.85 7.01

Tb 0.65 0.42 0.82 1.02 0.97 0.34 1.14 1.07 1.38 0.90

Dy 3.69 2.51 4.60 5.61 5.65 1.60 5.85 5.89 5.71 4.59

Ho 0.72 0.48 0.89 1.07 1.15 0.27 1.11 1.14 1.00 0.84

Er 2.01 1.38 2.50 3.03 3.34 0.71 3.06 3.33 2.44 2.25

Tm 0.30 0.20 0.36 0.44 0.52 0.10 0.45 0.52 0.33 0.31

Yb 1.87 1.24 2.28 2.80 3.44 0.63 2.89 3.26 1.84 1.95

Lu 0.29 0.19 0.35 0.43 0.53 0.10 0.46 0.50 0.25 0.28

Th 2.1 0.9 5.5 17.2 28.4 10.9 16.3 15.9 9.7 7.6

U 0.5 0.2 1.8 2.9 4.5 1.3 2.4 3.6 0.8 1.6

See Acosta-Góngora et al. (2018) for analyses of the Thye Lake and Axis Lake metabasalt rocks.

Table 1. Average analyses of principal Snow Island Suite lithogeochemical groups, and the sanu-

kitoid units of northern Melville Peninsula (sanukN) and the Repulse Bay Block (sanukS). 



354

GSC Bulletin 612

 • SISfsx: fractionated, high-silica sanukitoidal rhyolite;

 • SISi: sanukitoidal intermediate rocks (quartz diorite and

monzodiorite);

 • SISm1: the commonest ma c rock type, with continental- 

arc trace-element signatures;

 • SISmbc and SISmt: ma c rocks from the Borden com-

plex, Tehery Lake–Wager Bay area, and from Thye Lake,

Snowbird Domain, respectively, that have similar and dis-

tinct, sharp sanukitoidal trace-element patterns. Gabbroic

rocks emplaced at Axis Lake at ca. 2.64 Ga (south Rae

Province) are within the pre–Snow Island Suite Marjorie

peak time period, and also have subduction and/or 

sanukitoid (adakitic) features.

The authors prefer to identify a single infracrustal clan,

as opposed to S- and I-type granitoid rocks, as its distinc-

tion from sanukitoid rocks is mostly straightforward, but its

subdivision is not.

In addition to these widely distributed groups, local clus-

ters are present (e.g. four strongly trace-element–depleted,

high-silica granite samples from the Wholdaia Lake shear

zone: Thiessen et al., 2017, 2018). The present authors rec-

ognize numerous granitoid rocks and some intermediate

rocks that display characteristics of both the sanukitoidal

and infracrustal clans (or are transitional) and are di cult

to classify. As the ages of the infracrustal and sanukitoidal

clans overlap, and both are voluminous, hybridization would

be expected to be common. Only four highly fractionated

sanukitoidal rhyolite samples are recognized in the data set

for this study, perhaps because hybridization rendered most

of the evolved sanukitoid rocks unrecognizable. Rather than

create an additional hybrid group with necessarily fuzzy

boundaries, the present authors included these transitional

rocks in group SISfs, since they are interpreted as pointers

to the presence of sanukitoid melts in the magmatic lineage.

The lateArchean granite ternary classi cation diagram of

Laurent et al. (2014), designed speci cally for intermediate

and silicic intrusive rocks of the Neoarchean, was employed

to gain additional insight to the sources of Snow Island Suite

felsic and intermediate rocks. Four  elds are within the

Figure 8. Total alkali-silica plot for all central and south Rae Province Snow Island Suite samples, excluding 

            -
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late Archean granite ternary diagram: tonalite; infracrustal

granite (Laurent et al. (2014) refer to this as the two-mica

granite  eld); sanukitoid; and hybrid rocks, which represent

magmatic hybrids or melts of mixed sources. The entire

south and central Rae Province–Snow Island Suite data set

(excluding anomalous samples) is so plotted in Figure 9,

using the group assignments determined by the trace- 

element compositions. Additional late Archean granite plots

of northern Rae Province data are given in Figure 10, which

shows the spatial distribution of the identi ed lithotypes.

Infracrustal clan: SISf1, SISf1x, SISt

Compositionally, the infracrustal clan more closely resem-

bles a cospatial Proterozoic granitoid suite (the ca. 1.83 Ga

Hudson granite suite, PHg: Peterson et al., 2002) than any of

the contemporary or older Archean granitoid rocks. In south

Rae Province both Snow Island Suite and Hudson granite

include prominent subtypes with granitic major-element

and tonalitic trace-element compositions (SISt and PHgt:

Peterson et al., in press). Overall, the SISf1 group (n = 57) is

characterized by a moderate negative Eu anomaly (average 

Eu/Eu*=0.61) andmodestLREEenrichment ((La/Yb)
N
=9.9) 

(Fig. 11) with Ba depleted relative to Rb and Th and strong

depletions in Nb, P, and Ti relative to MORB, but nonde-

pleted Zr and Hf. In the chondrite-normalized REE diagram,

the SISf1 envelope is bracketed by the separate envelopes of

Hudson granite from south Rae Province and Tehery Lake–

Wager Bay areas, and in a MORB-normalized trace-element

diagram, average SISf1 and Hudson granite are very similar

(the latter have higher Rb and Th). The simplest interpretation

is that SISf1 and Hudson granite were generated from the

Figure 9. Late Archean granite ternary diagram, with all felsic and intermediate Snow Island Suite samples plotted (after 
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Figure 10.              

with bullseyes are “anomalous” samples with some geochemical features outside the group range. a) SISf1 

and SISf1x samples. Insets are the Late Archean granite ternary plots for all Archean through Proterozoic 

intermediate to felsic analyzed samples from south of Boothia Peninsula (SB) and from the Committee Bay 

belt (CBb), which indicate a paucity of tonalite and sanukitoid in those areas. b) SISt samples. Amz = Amer 

                

RBB = Repulse Bay Block, GD = Gordon Domain (east Tehery Block), LD = Lunan Domain (west Tehery 

Block), MD = McCann Domain (southern end also termed Nolan Domain, ND = Nolan Domain, PD = Porter 

Domain, RD = Train+Beaverlodge domains, SD = Snowbird Domain (including Wholdaia Lake shear zone 

and Chipman Domain), SI = Southampton Island, TD = Tantato Domain, ZD = Zemlak Domain, DD = Dodge 

Domain. c)             

                  

through intermediate samples from northern Melville Peninsula (MP) (Corrigan et al., 2013). The Melville 

Peninsula data set has been screened to identify rocks with Snow Island Suite U-Pb ages, and sanukitoidal 

samples. d) Locations of sanukitoidal granite (SISfs and SISfsx; the latter are present only as rhyolite in the 
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same source, and the persistent negative Eu and Ba anoma-

lies indicate that plagioclase and perhaps potassium feldspar

are part of the restite mineralogy. The Hudson granite suite

has been interpreted to originate from partial melting at mid-

crustal levels at the peak of Hudsonian crustal thickening

in the western Churchill Province, with little to no juvenile

input, and with varying levels of HREE depletion due to

pressure-dependent modal garnet variations (Peterson et al.,

2002).

A large (n = 29) set of granite samples very similar to

SISf1, including samples from an equigranular, dated leu-

cogranite intrusion at Dubawnt Lake that is adjacent to a

large SISf1 monzogranite (Fig. 3e), displays extreme Ba

depletion together with strongly depleted compatible ele-

ments, high silica, and a tendency to ‘gullwing’REE pro les

with extreme negative Eu anomalies (SISf1x). These sam-

ples can be interpreted as fractionated SISf1, but may also

represent melts of relatively potassic, quartzofeldspathic

metasedimentary rocks depleted in heavy minerals. The

average of this highly variable group, plus a single gullwing

leucogranite from Dubawnt Lake, is plotted in Figure 11.

In Figure 10a, it can be seen that no SISf1x samples have

been identi ed in south Rae Province, beyond southwestern

Dubawnt Lake. The limit corresponds closely to a north-

west-trending fault (the Dubawnt River shear zone: Peterson

and Lee, 1995) that separates polyphase tonalitic gneiss on

the south side from Snow Island Suite–rich terrain bearing

pre–Snow Island Suite pelitic and volcanic supracrustal

rocks (e.g. Clarke River Schist: Peterson and Born, 1994).

There is little to no true tonalite in the Snow Island Suite

(Fig. 9), although tonalitic segregations have been observed

in gabbroic intrusions (Peterson et al., 2015a); however,

dated syenogranite and monzogranite with distinctly tonal-

itic REE (strong LREE enrichment with  at, depleted

HREE) (Fig. 11) and MORB-normalized (strongly depleted

Yb-Sc) patterns are common in and around the tonalite-rich

Figure 11. Chondrite-normalized (values of Nakamura, 1974) envelopes calculated 

as the average ±1 for all SISf1 samples, compared to the envelopes of Proterozoic 

Hudson granite (PHg) from the Tehery Lake–Wager Bay and south Rae Province areas 

(Peterson et al., in press). South Rae Province and Tehery Lake–Wager Bay PHg bracket 

the extremes of trace-element composition for the Hudson granite and are very similar to 

SISf1, though slightly more fractionated. Average SISf1x and a single extreme example 

            

highly variable group. The envelope for SISt displays the typical strong fractionation and 
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McCann and Firedrake domains of south Rae Province and

up to the Dubawnt River shear zone (group SISt, n = 14)

(Fig. 10b). They are also present in the tonalite-rich Gordon

Domain (Tehery Lake–Wager Bay area). The SISt are

among the youngest Snow Island Suite rocks in the south

Rae Province area (average of six ages = 2592 Ma, exclud-

ing one age of 2628 Ma; data of Regis et al., 2017b) and

therefore are likely to have formed at relatively high crustal

levels, and to contain a signi cant proportion of migma-

tized sedimentary rocks. These features are consistent with 

SISt and SISf1x, largely representing melts of metasedi-

mentary rocks with SISt samples containing a signi cant

contribution from e.g. greywacke or tonalitic gneiss.

Figure 10a shows the outcrop positions of all lithogeo-

chemical samples from the south of Boothia Peninsula and

Committee Bay project areas (J. Ryan, unpub. data, 2019;

H. Sandeman, pers. comm., 2019). The corresponding late

Archean granite ternary plots for felsic and intermediate

rocks in these sets, without any screening for age or rock type,

indicate that the Committee Bay area is strongly dominated

by infracrustal melts, consistent with the presence of abun-

dant migmatized supracrustal rocks (Skulski et al., 2018).

The data set from south of Boothia Peninsula is concentrated

in the hybrid zone, with minor sanukitoidal samples. Neither

area contains the large volume of tonalite and sanukitoid

present in northern Melville Peninsula (Fig. 10c, inset),

which is more similar to the south Rae Province and Tehery

Lake–Wager Bay areas. This study concludes that the north-

west extent of Rae Province–Snow Island Suite between

Melville Peninsula and Queen Maud Block fundamentally

di ers from the remainder of the igneous province, by con-

taining a higher proportion of melted supracrustal rocks with

little detectable contribution from tonalite-rich basement or

associated suites, such as sanukitoid rocks.

Sanukitoidal clan

Relatively enriched Snow Island Suite granite and rhyo-

lite that are distinguished by elevated Ba and LREE/HREE,

with no Eu anomaly, were  rst identi ed in the GEM-1

study in central Rae Province (Peterson et al., 2015a). These

enriched rocks share many features of so-called sanukitoidal

granite (e.g. Closepet: Moyen et al., 2001; Berach: Mondal

and Raza, 2013). Similar granite in the south Rae Province

and Tehery Lake–Wager Bay areas was subsequently recog-

nized as transitional to voluminous intermediate rocks with

more well de ned sanukitoid a nities (SISi), including a

close association with tonalite-rich basement. Additionally,

most analyzed ma c rocks that formed at the same time as

Snow Island Suite and Marjorie peak have trace-element

patterns that strongly resemble both Archean sanukitoid and

certain enriched rocks from modern subduction zones, such

as adakite.

Ma c and intermediate rocks

The most common type of ma c rock (with data from all

areas except the Committee Bay and Chester eld blocks) is a

tholeiitic to subalkaline basalt with signi cant incompatible

element enrichment and depletion in all high- eld-strength

elements except P (group SISm1; Fig. 12). Snow Island

Suite ma c rocks in and near the Borden complex (SISmbc;

Tehery Lake–Wager Bay area) and at Thye Lake (SISmt;

south Rae Province) have similar, but more pronounced

trace-element anomalies, particularly in Ba. These groups,

and the pre-Snow Island Suite Axis Lake gabbro rocks, are

compared to other important, cospatial Rae Province ma c

igneous suites in a Th/Yb-Nb/Yb discriminant plot (Fig. 13).

The Thye Lake (or Nickel King, in Snowbird Domain)

and Axis Lake (including nearby Currie Lake, in Tantato

Domain) gabbro units of south Rae Province were inter-

preted by Acosta-Góngora et al. (2018) as representing the

early stages of continental-arc development in southeast Rae

Province. The Axis Lake gabbro (ages of 2639 ± 19 Ma and

2637 ± 8 Ma; Regis et al., 2017a) has a trace-element sig-

nature similar to post-Archean oceanic arcs (Fig. 13) and

near-juvenile Nd isotope compositions (see section ‘Nd iso-

topes’), whereas the 2609 ± 29 Ma (Regis et al., 2017a) Thye

Lake gabbro (SISmt) and the SISm1 and SISmbc gabbro and

basalt resemble continental-arc rocks. Both Thye Lake and

Axis Lake gabbro units have high Mg contents suggestive of

boninite (Acosta-Góngora et al., 2018).

Sheared basalt samples from the western margin of the

Snowbird Domain (inside the Wholdaia Lake shear zone)

were collected and dated by Thiessen et al. (2017, 2018),

yielding U-Pb ages of 2592 ± 16 Ma and 2611 ± 4 Ma.

These ma c rocks form a distinctive group with MORB-

like element patterns. Two of the samples have unsystematic

trace-element anomalies and appear altered by deforma-

tion and/or metamorphism, but one relatively systematic

sample plots in an area of Figure 13 appropriate to a near-

continent back-arc basin, similar to two unassociated suites

of ca. 2.7 Ga Rae Province volcanic rocks (the Lorillard and

MacQuoid supracrustal belts).

In Figure 12, Snow Island Suite ma c and intermediate

rocks are compared to typema c and intermediate sanukitoid

rocks from western Superior Province (Stevenson et al.,

1999) and to the sanukitoid rocks of Melville Peninsula.

Diagnostic sanukitoid signatures in these plots are high

enrichments in Ba and Sr, nondepletion in P, and marked

depletions in Nb-Zr-Hf together with elevated values of Cr

and Ni. These features are interpreted to result from melting

of metasomatized peridotite (either lithospheric or convect-

ing), with enrichment by hydrous tonalitic melts derived

from subducting slabs (e.g. Stern and Hanson, 1989) or

from foundered lithospheric mantle and enriched mantle-

like (EM1-like) sources (e.g. LaFlamme et al., 2015). The

style of enrichment in these rocks, particularly with strongly
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Figure 12. MORB-normalized average analyses for SISm1 (n = 19), SISmbc (n = 5), Thye Lake gabbro (n = 7), 

Axis Lake gabbro (n = 13), SISi (n = 43), sanukitoid rocks from southern (sanukS, n = 6) and northern (sanukN, 

n = 12) Melville Peninsula, and sanukitoid rocks from western Superior (WS) Province (Stevenson et al., 1999). 

a) The average of 70 young low-silica (LS) adakite samples (Martin et al., 2005) has strong similarities to average 

Axis Lake gabbro. b) Intermediate rocks (western Superior: n = 6; WS int) and the undated sanukN belt, which 

is associated with Snow Island Suite, compared to SISm1. The single Wholdaia sample (15ET249, U-Pb age 

2592 ± 16 Ma: Thiessen et al., 2018) is consistent with MORB slightly contaminated by LILE.
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depleted Zr-Hf, is consistent with a high-pressure tonalite

melt derived from rutile-bearing eclogite (Moyen, 2011).

The only signi cant P-bearing restite phase in rutile eclogite

is garnet (approximately 0.6–0.8% P
2
O
5
: Konzett and Frost,

2009), so high-pressure tonalite melt should also be enriched

in P. Subduction at a shallow angle may enhance the forward

extent of hydration and metasomatism of overlying mantle

(e.g. Humphreys et al., 2003), and extraction of a sanukitoi-

dal magma from this source may potentially occur any time

during or after enrichment.

The sanukitoid rocks of southern Melville Peninsula

(i.e. Repulse Bay Block; Fig. 10c) have enrichment levels

comparable to ma c sanukitoid rocks from western Superior

Province (Fig. 12a). The style of this enrichment — with

sharp, elevated Ba peaks and marked depletion in all

high- eld-strength elements except P — is duplicated in the

Axis Lake, Thye Lake, and SISmbc pro les (except, aver-

age Thye Lake gabbro is not enriched in P). Enrichments

in Ni-Cr in sanukitoid rocks are attributed to high compat-

ible element concentrations in the metasomatized mantle

source (Stern and Hanson, 1989). The Thye Lake and Axis

Lake gabbro units, with very high Sc-Cr-Ni, appear to be

an extreme example of this and the apparent dilution of the

more incompatible trace elements relative to sanukitoid

rocks is consistent with high degrees of partial melting (i.e.

boninitic magmas), and not necessarily postigneous mineral-

ization (see discussion byAcosta-Góngora et al., 2018). The

extremely high Sr in average Axis Lake gabbro (Fig. 12a)

is similar to that observed in the average of 70 globally 

distributed, young, low-silica adakite samples (Martin et al.,

2005).

Figure 13.        after Pearce, 2008) for Snow Island 

            

          

rapakivi granite (Peterson et al., 2014), with a probable origin in EM1-type enriched man-

tle. ‘MacQuoid’ (Sandeman et al., 2006) and ‘Lorillard’ (Steenkamp et al., 2023a, b, c) 

             

respectively, that are provisionally interpreted as oceanic back-arc rocks. ‘Wholdaia’ is a 

single sample of Snow Island Suite–aged gabbro from the Wholdaia Lake shear zone, 

south Rae Province (Thiessen et al., 2018) that resembles a MORB with minor crustal 

contamination. TTG = Tonalite-trondjhemite-granodiorite
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Figure 12b compares average intermediate rocks from

western Superior Province and the Snow Island Suite to the

northern Melville sanukitoid rocks (sanukN) and SISm1.

Compared to their ma c counterparts, the intermediate

Superior Province sanukitoid rocks have a much  atter Ba

peak with relatively depleted P and a modest Zr-Hf anomaly,

all features common to SISi. Average SISi and sanukN from

Melville Peninsula are virtually identical except for elevated

P in sanukN. Muting of sharp sanukitoidal trace-element sig-

natures in the intermediate rocks by crystal fractionation and

crustal contamination (hybridization) was invoked by both

Stevenson et al. (1999) and Whalen et al. (2004) to explain

the spectrum of compositions in the Superior sanukitoid

rocks. An additional possibility, particularly for such a large

system as the Snow Island Suite, is that the intermediate

sanukitoidal rocks originated in mantle metasomatized by

rutile-absent medium- or low-pressure tonalite (i.e. partial

melts of garnet amphibolite), which imposed a less extreme

enrichment pattern than would high-pressure tonalite melt.

Felsic sanukitoidal rocks

Although trace-element discriminant plots indicate that

there is a population of sanukitoidal granite in the Snow

Island Suite, individual analyses of felsic rocks commonly

have characteristics of both intermediate sanukitoid rocks

(high Ba, no Eu anomaly, LREE enrichment) and the infra-

crustal granite clan (depleted P, elevated Zr-Hf). The SISfs

and SISfsx groups are compared to other felsic sanukitoid

rocks in Figure 14.

TheSISfsgrouphashigheroverallREEcontents (Fig.14a)

than the Berach granite or western Superior Province fel-

sic sanukitoid rocks, with slightly lower LREE/HREE 

ratios. In the MORB-normalized plot (Fig. 14b) the SISfs

di ers from these standards in having elevated Zr-Hf and

Y-Yb; however, the Berach granite itself has nonsanukitoidal

features (e.g. small Ba and Eu depletions). The four silica-

rich rhyolite samples of group SISfsx are extremely depleted

in Sr, P, and Ti and have small negative Eu anomalies 

((?)owing to plagioclase, apatite, and oxide fractionation)

and plot in the infracrustal  eld in the late Archean granite

ternary diagram (Fig. 9), but also have elevated Ba and so

were assigned to the margin of the sanukitoidal clan.

Nd isotopes

The Sm-Nd isotope analysis of Snow Island Suite rocks

has been routinely done as part of mapping and lithosphere

studies for several projects in Rae Province (e.g. Peterson,

2006; Hinchey et al., 2011; Regan et al., 2017b). These data

were primarily collected to characterize local crust, using the

depleted mantle model age (T
DM
). This paper will refer here

solely to the new GEM data sets, as they are well constrained

both by lithotype and crystallization age, and were performed

at a single laboratory (summarized in Table 2). This paper also

reconsiders previously published data for ma c rocks from

Axis Lake and Thye Lake (Acosta-Góngora et al., 2018).

In Figure 15, a plot of normative quartz (a proxy for

lithotype) versus depleted Nd model age (after DePaolo,

1981), three features appear: 1) several ma c rocks from the

SISm1 and Axis Lake groups have model ages near 2.6 Ga,

indicating their primary melt source extended to depleted,

convecting mantle or very recently extracted lithosphere;

2) the four oldest model ages are all for sanukitoidal rocks;

and 3) the most evolved rocks (SISf1x and SISt, two samples

of each) lie within a narrow range of T
DM
(2.95–2.75 Ga)

that includes igneous ages from proximal Rae Province

supracrustal belts (e.g. Woodburn Lake group: Je erson

et al., this volume). As described in the ‘Infracrustal clan:

SISf1, SISf1x, SISt’ section, the SISt are interpreted to be

sourced in part from migmatized supracrustal rocks, and a

pelitic source contribution for some of the relatively potassic

and high-silica SISf1x is reasonable. Whalen et al. (2004)

suggested that granitic rocks proximal to sanukitoid rocks

in Wabigoon subprovince contained a combination of older

tonalitic crust and isotopically juvenile supracrustal rocks,

which invokes scenarios similar to Rae Province–Snow

Island Suite.

Only one of the intermediate rocks has a model age

within the SISt-SISf1x box; all others yield older ages. The

correlation of intermediate sanukitoidal geochemical fea-

tures with old model ages leads the authors to propose that

the source for SISi was dominantly in old, ma c lithosphere

that was metasomatized prior to remelting during the for-

mation of the Snow Island Suite and was distinct from the

source of much more ma c Snow Island Suite gabbro units.

Among ma c rocks, the Borden complex samples (SISmbc)

are anomalous for having old (ca. 3.0 Ga) model ages, with

small variability. This complex is located in the Gordon

Domain, eastern Tehery Lake–Wager Bay area, which has

yielded numerousArchean and Proterozoic samples with Nd

model ages 3.0 Ga or older (Steenkamp et al., 2023a, b, c).

DISCUSSION

Given the scale of the Snow Island Suite, it is notewor-

thy that its U-Pb age histogram (Fig. 2a) is so simple, even

mimicking the sudden rise and slower descent of tempera-

ture in rapidly heated bodies. The authors interpret this to

mean the Snow Island Suite represents a single coherent

event lasting about 40 million years. The absence of known

contemporaneous dyke swarms (e.g. Buchan and Ernst,

2004) or prevolcanic clastic axial basins is inconsistent with

continental rifting, anorogenic basin, or plume uplift mod-

els, and suggests that convergent tectonic models are more

applicable.
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Figure 14. Trace-element plots for sanukitoidal granite samples. a) Chondrite-normalized REE envelopes for 

SISfs and SISfsx (mean ±1) compared to average late Archean sanukitoidal Berach granite (Mondal and Raza, 

2013) and felsic sanukitoid from the western Superior (WS) data of Stevenson et al. (1999; partial data only). 

b) MORB-normalized average analyses, legend as per Figure 14a. Note the extreme depletion in P and Ti of 

SISfsx, consistent with fractionation of apatite and magnetite, or derivation from sediments poor in those heavy 

minerals.
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Sample Group Sector
Longitude 

(°W)
Latitude 

(°N)
Norm Qz U-Pb age

Sm 
(ppm)

Nd 
(ppm)

147Sm/
144Nd

143Nd/
144Nd

143Nd/
144Nd(T)

T
DM


Nd

(T)

HF74-020 SISf1 Tehery 92.3336 64.7589
Grano-

diorite
20.72 2584 ± 12 8.24 55.49 0.0898 0.510848 0.50932 2722 0.61

HF75-013 SISf1 Tehery 93.6186 64.3312
Grano-

diorite
23.29  n.d. n.a. n.a. 0.099148 0.510934 0.50923 2833 –0.61

15WGA-P081A01 SISf1 Tehery 89.2615 64.8694
Syeno-

granite
29.65  n.d. 9.61 50.49 0.1151 0.511052 0.50908 3123 –3.66

15WGA-P017A01 SISf1 Tehery 90.7986 64.9998
Monzo-

granite
21.71  n.d. 10.13 56.00 0.1094 0.511084 0.50921 2894 –1.12

16WGA-W080A01 SISf1 Tehery 91.7174 65.3047
Monzo-

granite
22.77 2608 ± 4 6.56 35.01 0.1132 0.511068 0.50912 3036 –2.64

12PQB88C SISf1 SRae 106.777 60.5919
Monzo-

granite
20.42 2573 ± 10 10.85 51.09 0.128429 0.511398 0.50920 2981 –1.53

16DR1002B SISf1 SRae 107.251 61.7639
Monzo-

granite
26.33  n.d. 9.14 43.25 0.127802 0.511456 0.50918 2849 –0.01

12WGA-N033A01 SISf1x Tehery 92.3725 65.8076
Syeno-

granite
32.56 2606 ± 2  n.d.  n.d.  n.d.  n.d.  n.d. 2934 –2.02

ZB99-330AG SISf1x  95.8727 65.1897
Alkali 

granite
40.4 n.a. n.a. n.a. 0.1225 0.511357 0.50926 2848 –0.15

12WGA-N002A01 SISfh Tehery 89.1381 64.9734
Monzo-

granite
27.33 2615 ± 5  n.d.  n.d.  n.d.  n.d.  n.d. 3289 –4.23

17SUB-S040A01 SISfh Tehery 89.2289 64.9352
Monzo-

granite
25.61 n.d. 7.90 44.53 0.1073 0.511013 0.50917 2942 –1.81

FD74-007 SISfs Tehery 93.7979 64.3086
Grano-

diorite
21.15 n.d. n.a. n.a. 0.09533 0.510945 0.50931 2724 0.88

16WGA-W065A01 SISfs Tehery 91.4419 64.3721
Grano-

diorite
22.47 n.d. 11.92 70.61 0.1021 0.510956 0.50921 2879 –1.17

15ET217A SISfs SRae 105.727 60.5425
Qz mon-

zodiorite
7.63 n.d. 9.42 59.17 0.096282 0.510768 0.50905 2986 –2.9

15WGA-L124A01 SISfsan Tehery 90.8133 64.6142
Monzo-

granite
24.95 n.d. 12.85 71.19 0.1092 0.511078 0.50921 2897 –1.17

16WGA-W132A02 SISfsan Tehery 91.7757 65.1274
Qz mon-

zodiorite
14.94 2593 ± 8 11.89 52.31 0.1374 0.511361 0.50901 3443 –5.16

12WGA-J006A01 SISi Tehery 90.2855 64.6977
Qz mon-

zodiorite
11.22 n.d. n.d. n.d.      n.d. n.d. n.d. 3045 –3.51

12WGA-N035A02 SISi Tehery 91.7811 65.5427
Qz mon-

zodiorite
5 n.d. n.d. n.d.      n.d. n.d. n.d. 2763 0.51

15WGA-P052A01 SISi Tehery 89.2795 64.5223
Qz mon-

zodiorite
14.31 2602 ± 2 8.81 43.83 0.1216 0.511266 0.50918 2980 –1.63

15WGA-S007A01 SISi Tehery 86.9346 65.1648
Grano-

diorite
15.47 n.d. 6.01 35.27 0.1031 0.510754 0.50899 3200 –4.25

 SISi SRae 107.403 61.8107
Qz mon-

zodiorite
14.88 n.d. 6.41 33.03 0.11734 0.511278 0.50919 2821 0.02

15WGA-L152A02 SISian Tehery 89.6415 64.6316
Qz mon-

zodiorite
13.7 2603 ± 3 7.54 29.29 0.1556 0.511678 0.50901 3724 –4.99

15WGA-S043B01 SISm1 Tehery 87.9443 64.3325
Monzo-

diorite
2.19 n.d. 3.08 13.71 0.1359 0.511563 0.50923 2941 0.16

11PHA-07 SISm1  96.5613 65.3789
Monzo-

diorite
8.5 n.d. 2.59 13.64 0.11471 0.511342 0.50937 2639 2.17

11PHA-36A SISm1  96.2032 65.2728 Troctolite 9.1 n.d. 0.85 4.90 0.105336 0.511207 0.50940 2601 2.66

15WGA-P043A01 SISmbc Tehery 89.3353 64.5179 Gabbro –0.9 n.d. 2.23 9.97 0.1350 0.511528 0.50921 2978 –1

15WGA-P044A01 SISmbc Tehery 89.3272 64.5188 Diorite –0.17 n.d. 1.53 7.67 0.1203 0.511260 0.50920 2946 –1.31

15WGA-S119A01 SISmbc Tehery 88.6428 64.4968 Gabbro 0.66 n.d. 2.72 11.47 0.1434 0.511652 0.50919 3072 –1.42

15EM83A1 SISt SRae 106.474 60.7367
Qz mon-

zodiorite
9.13 2594 ± 8 7.35 48.24 0.092064 0.510832 0.50925 2794 –0.32

17SUB-S036A01 SISt Tehery 89.164 64.547
Qrano-

diorite
32.46 2600 ± 3 7.90 58.11 0.0822 0.510615 0.50921 2839 –12.63

Depleted mantle model ages (T
DM

) after DePaolo (1981)

         

All analyses except ,,                 
Unpublished data of Cousens cited in Peterson et al., 2010

          

van Breemen et al., 2007

                   

Table 2. Summary of whole-rock Sm-Nd isotope analyses of selected Snow Island Suite samples obtained for the GEM-1 and GEM-2 
programs (see text).
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On the basis of trace-element data, it is argued above that

Snow Island Suite and slightly older ma c rocks from south

Rae Province originated in both oceanic (Axis Lake) and

continental (Thye Lake) arcs, and possibly a back-arc basin

(Wholdaia Lake shear zone). Regan (2016) and Regan et al.

(2017a), based on lithogeochemical data sets of ca. 2.6 Ga

granitoid rocks from Tantato Domain (south Rae Province)

and at Yathkyed Lake (Chester eld Block), concluded that

those granite rocks recorded a continental arc, and sug-

gested a scenario for convergence on the eastern margin of

the Rae Province. A high-temperature metamorphic event at

ca. 2.56–2.5 Ga recorded within the Chester eld Block and

Snowbird Domain (MacQuoid Orogeny, Davis et al., 2006)

has been attributed to closure of an ocean basin, completing

a convergent tectonic cycle that may have begun with the

Snow Island Suite event (Pehrsson et al., 2013a).

This study’s pan–Rae Province database permits recog-

nition of a range of rock types that are idiosyncratic of the

Neoarchean, with linkages to a Mesoarchean history, and

with some granularity in their distribution that allows con-

vergent tectonic scenarios to be re ned. Taking into account

the magmatic polarity of the Snow Island Suite, the east- 

to-west drift in its emplacement ages (Fig. 2), and the arc-

like character of Snow Island Suite ma c rocks, the authors

interpret the entire Snow Island Suite as a uni ed, short-

lived, northwest-verging continental arc, and the older ma c

volcanic and clastic rocks as a combination of allochthonous

oceanic arcs and back-arc basins. Note that the scale of Rae

Province–Snow Island Suite (more than 1700 km), in its

present form, is comparable to that of the Southern Volcanic

Zone of the Andean margin (33° to 50°S latitude), o ering

plausibility that to  rst order, the Snow Island Suite can be

considered a single petrogenetic province.

Heat and magma sources

The principal ma c rock type (SISm1) is widespread

in south and central Rae Province–Snow Island Suite and

is also present at Dubawnt Lake and Melville Peninsula

(Fig. 10). The authors assume that the volume of emplaced

SISm1 magmas was su cient to trigger melting through-

out the lithosphere to generate the remainder of the Snow

Island Suite. Because of the uncertainty of the original

width of Rae Province–Snow Island Suite (almost certainly

now contracted by Proterozoic deformation) — and of the 

nature of Neoarchean tectonics in general — it is unclear

if the across-strike extent of the Snow Island Suite requires

Figure 15. Depleted mantle model ages (T
DM

) (DePaolo, 1981) for Snow Island Suite samples (GEM1 

and GEM2 data, see        –Qz). Insert shows the data for the Borden 

                

supracrustal belts (see text). Analyses given in Table 2 (except Thye and Axis: data of Acosta-Góngora 

et al., 2018). The SISi sample with T
DM 

more than 3.7 Ga (15WGA-L152), which is beyond the maximum 

age of ca. 3.3 Ga for the depleted mantle model, has a U-Pb age of 2603 ± 3 Ma (Wodicka et al., 2017) 

and a 147Sm/144Nd of 0.1556. It is from the margin of the Borden complex, is highly strained with some 

non–Snow Island Suite trace-element characteristics and may contain comminuted wall-rock fragments 

or have disturbed REE concentrations. Only Thye and Axis samples with both isotopic and elemental 

analyses are plotted, and one Thye sample is omitted for having 147Sm/144Nd greater than 0.14.
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unusually rapid, shallow subduction, as has been suggested

(and disputed) for some Archean scenarios (e.g. van Hunen

and Moyen, 2012).

Both the oceanic (Marjorie peak interval) and younger

continental ma c (Snow Island Suite) magmas were from

enriched mantle, but the style of that enrichment was dif-

ferent. As discussed in the section ‘Ma c and intermediate

rocks’, the stark anomalies in the Axis Lake gabbro are

consistent with enrichment of convecting mantle by high-

pressure tonalite melt from subducted eclogite, immediately

followed by high degrees of partial melting to generate the

observed low-silica adakite. These features are consistent

with rapid subduction of young, hot oceanic crust removed

from continental in uence. The SISm1 group has trace- 

element patterns that are less extreme and appear transitional

from adakite to sanukitoidal SISi (e.g. weak depletion in

Zr-Hf, modest enrichment in Ba; Fig. 12). This study’s data

set, which includes some SISm1 with juvenile Nd model

ages (Fig. 15), suggests the enrichment was at least partially

primary. In a Neoarchean scenario, subduction zone magmas

would likely resemble sanukitoid rocks, as emergent potas-

sic rocks were not widely available to contribute K-rich

detritus. In a shallow,  at subduction scenario, enrichment

and melting may be occurring in both overlying convecting

and lithospheric mantle, which would account for the pres-

ence of some ma c rocks in the Snow Island Suite that have

Mesoarchean model ages.

The large volume of intermediate intrusions in the Snow

Island Suite argues against an origin by crystal fractionation

of SISm1 magmas. Additionally, Snow Island Suite granite

is characteristically mingled with intermediate, rather than

gabbroic rocks, so that although olivine-bearing magmas did

reach the surface, generation of middle to upper crustal gra-

nitic melts was probably caused by the SISi plutons. Because

the sanukitoidal SISi (and interpreted granitic derivatives)

have the oldest model ages in the study’s data set (Fig. 15),

they are interpreted as originating in mainly Mesoarchean

lithospheric mantle previously metasomatized by tonalitic

melts, likely as a result of tonalite magma-emplacement

events at ca. 2.7 Ga and older. This is consistent with the

observed correlation of sanukitoidal rocks with tonalite-rich

terranes (e.g. Martin et al., 2005). The interpretation of the

granite groups this study has identi ed is that they are domi-

nantly melts of older gneiss and metasedimentary rocks in

the middle to upper crust, with corresponding Nd model

ages all older than 2.6 Ga. No arc granite derived by remelt-

ing of, e.g. juvenile andesitic volcanic rocks are identi ed.

Such granite, if preserved, would be concentrated on the

eastern edge of Rae Province–Snow Island Suite and may be

among those studied by Regan (2016).

Internal divisions in the Rae Province

Variations within the Snow Island Suite are consistent

with some previously recognized divisions within the Rae

Province. The northwest corner of Rae Province–Snow

Island Suite (Committee Bay belt and west to Queen Maud

Block) lacks the large amount of tonalitic and sanukitoidal

exposures present in nearby northern Melville Peninsula

(Fig. 10); these areas are now separated by a submerged

Phanerozoic basin. The amount of tonalitic crust in adja-

cent west-central Rae Province is uncertain due to poor

exposure, extensive Proterozoic cover, and crustal displace-

ment by Proterozoic granite intrusions, but the authors note

that sanukitoidal rhyolite rocks were  rst identi ed in the

Marjorie-Kiggavik-Tehek belt (Peterson et al., 2015a). This

study’s separation of central and northern Rae Province–

Snow Island Suite west of the Chester eld fault zone (Fig. 1) 

is useful for discussing the data sets and the extent of pre-

served volcanic Snow Island Suite rocks, but does not clearly

appear in the lithogeochemical data; however, the Amer

fault zone may approximately correspond, at surface, to the

northwestern extent of sanukitoid-generating lithosphere in

that part of Rae Province.

The large Snow Island Suite–absent Repulse Bay Block

is a stark feature. Its geometry must in part re ect the intense

Hudsonian tectonometamorphism documented through-

out this region (e.g. LaFlamme et al., 2014; Berman et al.,

2015b). The 1.83–1.82 Ga batholithic Ford Lake intru-

sive complex (LeCheminant et al., 1987) at the south end

of the Repulse Bay Block (see Fig. 1), resembles in scale

and lithology the on-strike 1.865–1.845 Ga mangerite-rich

Cumberland batholith of Ba n Island, attributed to par-

tial melting of a previously thickened, axial continental

root (Whalen et al., 2010). Contraction of the clastic, early

Proterozoic Penrhyn Group and emplacement of Archean

nappes over the Proterozoic rocks (Henderson, 1983) at the

north end of the Repulse Bay Block is also consistent with

northwest-southeast shortening and the formation of such a

root. Studies of the shear zones bounding the Repulse Bay

Block are in early stages (e.g. Therriault et al., 2017), and

while it is clear that the Rae Province–Snow Island Suite

and/or Repulse Bay Block boundary does not predate the

Snow Island Suite, it is not known if it is all, or in part, 

synchronous with or postdates the Snow Island Suite.

The observed abrupt shift from infracrustal SISt to SISf1x

granite groups at south Dubawnt Lake (Fig. 10) is corre-

lated here with a boundary that is marked at the surface by

exposed segments of a shear zone with multiple, unresolved

episodes of intrusion and deformation (Dubawnt River shear

zone). This boundary (Fig. 16, map in lower left), which is

at high angle to the regional Proterozoic structural trend,

was active during formation of an intense south-southeast-

plunging lineation at 1.83 Ga in the footwall (north side)

and was brittlely reactivated later (Peterson and Lee, 1995).

It presumably represents a 2.6 Ga or earlier suture between

di erent Mesoarchean crustal blocks. The Snow Island Suite

data require that upper crustal sources for granite were dif-

ferent on either side of the boundary, but o er no constraints

on how or when the boundary formed.
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Figure 16.            See text for detailed summary.  

At 2.63 Ga, elements of the current eastern edge of the Rae Province were outboard of the proto–Rae Province (SR, CR, NR). In the 

               

                 

and Tehery blocks, which approaches the proto–Rae Province margin along an oceanic subduction front (Axis gabbro), which is sepa-

rated from proto-Rae Province rocks by one or more back-arc basins (Wholdaia Lake shear zone and Amarulik Basin). At 2.62 Ga, 

               

back-arc basins. The Repulse Bay Block, anorogenic at 2.6        

by a translithospheric transform fault, now preserved as the Wager shear zone. At 2.605 Ga, collision between these elements is in 

progress and partial melting of mantle sources moves beneath proto–Rae Province, triggering west-drifting plutonism in the crust. The 

                       

Orogeny (2.55–2.5 Ga). A second craton, also associated with that event, may have provided the marker strip of exotic, more than 3 Ga 

tonalitic and Snow Island Suite–intruded crust (Chipman Domain) on the east edge of Rae Province–Snow Island Suite, or alternatively 

represents the Hearne Province.
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Tectonic elements at 2.6 Ga

To con dently identify some or all of the tectonic ele-

ments within Rae Province at ca. 2.6 Ga would  rst entail

unravelling the net e ects of several intense and widespread

tectonometamorphic events, from 2.55 Ga to 1.7 Ga, and

less intense far- eld deformation up to 1.4 Ga. This exer-

cise has not been completed (Pehrsson et al., this volume);

however, the present authors point to the known extent of

the 2.56–2.50 Ga MacQuoid Orogeny (Berman, 2010) as a

strong constraint. Metamorphic U-Pb ages in this range are

present in the Tantato, Snowbird, and Chester eld domains

and/or blocks along the east edge of Rae Province–Snow

Island Suite, and extend across Chester eld Inlet into the

Tehery Lake–Wager Bay area (henceforth referred to as the

Tehery Block). Additionally, the Chester eld Block contains

two correlated ca. 2.7 Ga volcanogenic belts, the MacQuoid

and Yathkyed belts (Sandeman et al., 1999, 2006; Davis

et al., 2006; Acosta-Góngora et al., 2018), which have also

been tentatively correlated on the basis of lithogeochemistry,

U-Pb ages, and interbedded clastic rocks with the Lorillard

belt of the Tehery Block (J. Whalen, pers. comm., 2013;

Wodicka et al., 2017) (Fig. 13). Studies on the lithochemis-

try and metamorphic history of the Lorillard belt are ongoing

(Steenkamp et al., 2023b). These results are interpreted to

constrain those regions (Tantato with Snowbird Domain–

Chester eld Block–Tehery Block) to have been coherent

at 2.6–2.5 Ga, implying that they were later disrupted and

transposed during the early Proterozoic.

Additionally, the small Zemlak Domain, which is in

structural contact with the south and east sides of the Snow

Island Suite–rich Nolan Domain in south Rae Province,

contains an intermediate orthogneiss unit with ca. 2.52 Ga

crystallization ages (Cloutier et al., 2021). It resembles

the Snowbird Domain in containing only sparse granitic

intrusions near 2.6 Ga, and the remainder of the Snowbird

Domain–Chester eld Block–Tehery Block region in pro-

ducing older crystallization ages that are dominantly near

2.7 Ga. The Zemlak Domain boundary is complicated by

additional deformation, with igneous and metamorphic ages

near 2.3 Ga (the Arrowsmith Orogeny; Cloutier et al., 2021)

and the extent of Proterozoic rearrangement in this complex

region is unclear. The Neoarchean assembly model o ered

by Cloutier et al. (2021), strongly constrained by the Zemlak

Domain, is similar in several respects to this study’s larger

scale model.

To generate this model, two assumptions are made:

1) the west edge of the combined Tehery-Chester eld

terrane is assumed to be a Snow Island Suite–aged bound-

ary, which is provisionally located near the trace of the

Chester eld fault zone (which potentially records syn–Snow

Island Suite deformation: see section ‘Granitic and interme-

diate intrusive rocks’), and continuing along the southern

portion of the Snowbird tectonic zone (Fig. 16); and 2) the 

west margin of the Repulse Bay Block is an Archean col-

lisional orogen. Although the authors cannot cite evidence

for this against the surrounding blocks, ca. 2.54 Ga monazite

ages, recording amphibolite-facies deformation during the

MacQuoid Orogeny, are present within the Repulse Bay

Block (Berman et al., 2015b), and an additional cluster of

2.54–2.49 Ga metamorphic monazite ages is present south

of Boothia Peninsula, immediately west of the Repulse

Bay Block (Berman et al., 2013). These data are most sim-

ply interpreted as a result of Repulse Bay Block and Rae

Province–Snow Island Suite collision or reactivation during

the MacQuoid Orogeny.

Figure 16 depicts the elements that can be identi ed

under these assumptions.At 2.63 Ga, an oceanic arc o shore

from proto–Rae Province (consisting of present-day south

Rae Province, central Rae Province and the Committee Bay

Block, and northern Melville Peninsula lithosphere) con-

tained boninitic and adakitic magmas (Axis Lake gabbro)

with wind-driven detrital zircon from similar arcs deposited

in the upper Amarulik Basin (upper Woodburn Lake group).

A combined Snowbird-Chester eld-Tehery continental ter-

rane approaches along a west-dipping subduction zone under

the arc. A back-arc basin, provisionally identi ed in the

Amarulik Basin and Wholdaia Lake shear zone, is present.

At 2.62 Ga, the Snowbird-Chester eld-Tehery terrane col-

lides with the oceanic arc (resulting in nappe emplacement

in the Chester eld Block: MacLachlan et al., 2005), and the

subduction zone migrates into the back-arc basin, beginning

a transition (Thye Lake gabbro) to a continental arc (Snow

Island Suite gabbro). A second subduction front may also

have developed east of the Snowbird-Chester eld-Tehery

terrane, promoting post-2.62 Ga Snow Island Suite intrusion

in Snowbird-Chester eld-Tehery terrane. At 2.605 Ga, the

peak time of Snow Island Suite granite emplacement, the

combined Tantato-Snowbird-Chester eld-Tehery terrane

collides with proto–Rae Province block, trapping segments

of the oceanic arcs and back-arc basins. This event coincides

with upright refolding at 2.6 Ga of the 2.62 Ga nappes in the

Chester eld Block. No Snow Island Suite ages younger than

2.60 Ga have been obtained in the Chester eld Block, but

they have been recorded in the Tehery Block. Beginning at

2.6 Ga, the focus of plutonism moves westward, presumably

tracking the delayed e ects of shallow subduction, or the

drift of a detached oceanic slab. By 2.58 Ga, the Snow Island

Suite event is concluded. The Snow Island Suite–absent

Repulse Bay Block, separated from Snowbird-Chester eld-

Tehery terrane by an oceanic transform fault that became

the present-dayWager shear zone, accreted at an unspeci ed

time from ca. 2.6–2.54 Ga.

Placing a Snow Island Suite collisional orogen along the

western margin of the Snowbird-Chester eld-Tehery terrane

gives context to the upper Woodburn Lake group, and par-

ticularly to the extensional Amarulik Basin, which records

continuousMarjorie peak and early Snow Island Suite turbid-

itic sedimentation followed by emergent Snow Island Suite

rhyolite, consistent with a preserved back-arc basin (see also 

Hunter et al., 2018). The detrital zircon populations of the

middleandupperpackages in theMarjorieAssemblage re ect

dominantly proximal volcanic sources peaking at 2.69 Ga, 
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2.67 Ga, and 2.65 Ga followed by a more distal juvenile

source near 2.63 Ga. These data suggest models for the

Woodburn Lake group of deep-water microcontinental

margin sequences that recorded sporadic input from island-

arc to o shore volcanic detritus. The Amarulik Basin then

recorded an in ux of Snow Island Suite detrital zircon while

or after numerous terranes amalgamated to form the broad

Rae Craton, on which the Pukiq Lake Formation was the

 rst widely deposited supracrustal unit.

It is possible to correlate the arrival of a Mesoarchean

tonalite terrane on the east side of Snowbird-Chester eld-

Tehery terrane with closure of all basins at 2.6 Ga. This

terrane would necessarily have subsequently rifted away,

leaving a narrow and highly distinctive marker behind (the

Chipman Tonalite at ca. 3.1 Ga), and making way for the

later arrival of the Hearne Province. Alternatively, this ter-

rane could correspond to the Hearne Province itself, which

would have collided with the Snowbird-Chester eld-Tehery

terrane at ca. 2.605 Ga, then subsequently rifted away, and

re-collided with the amalgamated Rae Craton at ca. 1.9 Ga

(e.g. Thiessen, 2021). This paper suggests limited west-

verging subduction under the Snowbird-Chester eld-Tehery

terrane (including the Zemlak Domain), particularly at its

southern end, to account for the relatively small volume of

Snow Island Suite plutonism observed there. This implies

that the separation between Snowbird-Chester eld-Tehery

and any outlying continental terrane was small and rapidly

closed.

Suggestions for continuing work

The broad model for igneous petrogenesis and evolution

suggested here should be tested and elaborated with stud-

ies of individual complexes, where separate rock types can

be assumed to be directly related. Greater granularity in the

distribution of rock types, with the possibility of probing

greater detail in pre–Snow Island Suite lithosphere structure,

could be achieved. The Wager shear zone has an unusual

role in this study’s tectonic model, which implies that a dis-

tinctive igneous suite related to oceanic transform faulting

may be preserved there (though likely strongly deformed). A

mapped concentration of Snow Island Suite plutons imme-

diately west of the Repulse Bay Block (Skulski et al., 2018)

merits detailed sampling and comparison to the Snow Island

Suite intrusions of the Committee Bay supracrustal belt.

The former may prove to have a more direct connection

to arc volcanism (e.g. granite bodies with Nd model ages

near 2.6 Ga) and may also have a component of MacQuoid 

plutonism near 2.54 Ga.

The authors’model implies that the Axis Lake gabbro, in

the upper deck of Tantato Domain, should be directly adja-

cent to proto–Rae Province crust, but it is actually separated

from it by the Dodge Domain (see Fig. 2, this paper, and

Fig. 1 of Regis et al., 2017a), a structurally discrete region

currently interpreted as an extension of the SnowbirdDomain

(Thiessen et al., 2018). Additionally, portions of this arc,

or its segments, should potentially be preserved anywhere

along the Snowbird tectonic zone. The present authors attri-

bute the scarcity of known preserved arc rocks, and possible

reversal of the structural position of the eclogite-facies Axis

Lake gabbro rocks in Tantato Domain, to repeated episodes

of Proterozoic deformation, including destruction of some

crust along the Snowbird tectonic zone at about 1.9 Ga from

continental subduction, followed by rapid uplift of granulite-

facies rocks on major extensional faults (Regis et al., 2021).

The existence and extent of this arc will hopefully be tested

by identifying other ma c rocks that are of this age. Late

Archean gabbro units of the Dodge Domain (e.g. Knox et al.,

2011) are almost certainly part of the Marjorie peak–Snow

Island Suite cycle and could be dated and geochemically

described, which might help resolve the structural position

of the Axis Lake gabbro.

The portion of Rae Province where the Snowbird tectonic

zone meets the west end of the Baker Lake Basin, and north

of this in an area of strongly deformed gneiss units, has pre-

sented di culties in tectonic models for several decades, and

the presence and/or location of mapped continental sutures

and transform zones there has shifted with time. The authors

suggest that these di culties result from intense Proterozoic

reactivation of a prominent Neoarchean collisional zone

that remains largely cryptic along its central portion due to

deposition and overthrusting of early Proterozoic sedimen-

tary belts, and episodes of granite emplacement at 1.83 Ga

(Hudson granite) and 1.75 Ga (Nueltin granite) (Peterson

et al., 2015b). A thorough review of existing teleseismic and

magnetotelluric data of this area (see e.g. Snyder et al., 2015)

would help test whether or not a Neoarchean lithospheric

break running from the southwest corner of the Repulse Bay

Block to the west end of Baker Lake Basin exists.

SUMMARY

The authors  nd that the Snow Island Suite consists

of a dominantly ma c and/or intermediate, broadly sanu-

kitoidal component, re ecting interaction between tonalite

melts and mantle, and an infracrustal (crustal migmatite)

granitoid component. Sanukitoidal Snow Island Suite can

be interpreted as an example of a late Archean subduction-

enrichment style that was transitional to Proterozoic and

modern styles.

The Snow Island Suite represents a continental-arc

segment that spanned most of the Archean Rae Province

and was active over 40 Ma, centred on 2.605 Ga. Activity

propagated westward over this time, and was due to

emplacement of ma c magmas in the lower lithosphere that

induced melting of tonalite-metasomatized Mesoarchean

lithospheric mantle (sanukitoidal intermediate rocks) and

then crustal gneiss and metasedimentary rocks (infracrustal

granitoid rocks). Some ma c rocks predating Snow Island

Suite in south Rae Province have back-arc basin, ocean-

arc, and adakite trace-element a nities, and involvement
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of high-pressure tonalite derived by melting of rutilated

eclogite as a metasomatizing agent is indicated in some

pre–Snow Island Suite gabbro. Variations in Snow Island

Suite granitoid lithogeochemistry re ect internal Rae

Province boundaries in upper crustal melt sources that

may, in turn, re ect prominent lithotectonic boundaries.
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APPENDIX A

Snow Island Suite analyses (Appendix_A_analyses.xlsx)

This appendix is a compilation, in Excel spreadsheet format, of whole-rock elemental analyses of Snow
Island Suite samples collected from outcrop (dominantly intrusive rocks, with minor volcanic rocks).
Data sources and sample locations are noted. It includes all recent (after 2010) GEM1 and GEM2
analyses, plus previously unpublished analyses from legacy projects and other ongoing work within
Nunavut. Pre-GEM analyses are often partial (e.g. ferric/ferrous values are not recorded). The samples

are organized into the recognized petrological groups, as discussed in the accompanying text.
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Abstract: Giant ma c dyke swarms and related large igneous provinces play an important role in the
understanding of the tectonic evolution of ancient continents and supercontinents. The information avail-
able for well dated Paleoproterozoic dyke swarms and large igneous provinces in northern Canada is 
summarized in this synthesis, with an emphasis on their age, geographic distribution, paleomagnetism,
and potential linkages to coeval magmatic events. Their tectonic settings, with a focus on links to rift-
ing and continental breakup, are also discussed. Finally, the use of giant dyke swarms and large igneous
provinces for testing paleocontinental reconstructions is considered, based mainly on paleomagnetism or
on matching coeval magmatic events or sequences of magmatic events (magmatic barcoding) between
cratons.

Résumé : Les essaims géants de dykes ma ques et les grandes provinces ignées apparentées contribuent
fortement à la compréhension de l’évolution tectonique des anciens continents et supercontinents. Dans
la présente synthèse, nous résumons l’information disponible sur les essaims de dykes bien datés et les
grandes provinces ignées du Paléoprotérozoïque du nord du Canada, en nous concentrant sur leur âge, leur
distribution géographique, leur paléomagnétisme et leurs liens potentiels avec les événements magma-
tiques qui leur étaient contemporains. Nous abordons aussi leur cadre tectonique en mettant l’accent sur
les liens avec le rifting et la rupture des continents. Pour conclure, nous nous penchons sur l’utilisation des
essaims géants de dykes et des grandes provinces ignées pour valider les reconstitutions paléocontinen-

tales fondées principalement sur le paléomagnétisme ou sur les événements magmatiques ou séquences
d’événements magmatiques (code-barres magmatique) correspondants de même âge entre les cratons.
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INTRODUCTION

Large igneous provinces (LIPs) comprising giant ma c
dyke swarms, sill provinces and/or volcanic units (Ernst,
2014) are a prominent feature of the geology of northern
Canada (north of latitude 60°). Giant dyke swarms asso-
ciated with LIPs have a primary geometry that is linear,
radiating (Ernst et al., 1995) or, more rarely, circumfer-
ential (i.e. circular or elliptical; Buchan and Ernst, 2019).
They are important because 1) they can provide a record of
the overall extent of a magmatic event, even in cases when
much, if not all, of the shallow crustal component (volcanic
 ows and sills) has been removed by erosion; 2) they may
re ect the rifting and/or breakup history of a region; and
3) they are useful in reconstructing paleocontinents based
on paleomagnetism (ma c dykes typically carry stable
magnetic remanences), reconstruction of the primary geom-
etry of swarms, and matching ages of magmatic events on 

di erent cratons.

In this study, well dated Paleoproterozoic LIPs in north-
ern Canada (including their extension beyond this region)
are discussed, with a particular focus on the giant (typi-
cally diabase) dyke swarms, and their potential signi cance
is summarized, especially in relation to rifting, continental
breakup, and paleocontinental reconstructions. For com-
pleteness, several small dyke swarms and other magmatic
units, whose link to LIPs is uncertain, are also considered.

Most of the magmatic events discussed are mainly ma c,
although several largely felsic events are also included. This
analysis builds on previous studies and mapping of dyke
swarms and other magmatic units. Mapping of dyke swarms
has been published most recently for Canada at a scale of
1:5 000 000 by Buchan andErnst (2004); for the Slave Craton
at various scales, up to 1:30 000, by Stubley (2005); for the
Slave Craton and Wopmay Orogen at a scale of 1:2 000 000
by Buchan et al. (2010); and for northern Canada at scales
up to at least 1:500 000 (with summary map at 1:3 000 000)
by Buchan and Ernst (2013). Magmatic units that are
related to the dyke swarms in Canada are summarized on
the map of Buchan and Ernst (2004). Magmatic units related
to dyke swarms in the Slave Craton and Wopmay Orogen
are shown in greater detail on the map of Buchan et al. 
(2010) and the 1:1 000 000 scale map of Ho man and
Hall (1993). Magmatic units in the mainland portion of the
Churchill Province, which comprises the Rae and Hearne
cratons, are shown on several geological compilation maps,
most notably at a scale of 1:550 000 by Tella et al. (2007),
Pehrsson et al. (2014), and Skulski et al. (2018). Earlier stud-
ies that discuss LIPs and/or their dyke swarms and links to
breakup events include those by LeCheminant et al. (1996a)
for the Slave Craton, as well as by Ernst and Buchan (2004)
and Ernst and Bleeker (2010) for Canada. The dyke swarms
and other magmatic units that are illustrated on  gures
herein have in most cases been derived, and in some cases 
simpli ed, from the various map sources cited above.

Post-Paleoproterozoic giant dyke swarms and related
units of LIPs have been described and/or mapped in other
published works and are not discussed in detail in this study.
Most notably, the Mesoproterozoic 1.27 GaMackenzie giant
radiating swarm and related units are shown in Buchan et al.
(2010) and Buchan and Ernst (2013), and possible links to
approximately coeval dykes in the southern Siberian Craton
are described by Ernst et al. (2016). The Neoproterozoic
0.78 Ga Gunbarrel and 0.72 Ga Franklin giant radiating
swarms and related units are shown in Buchan and Ernst
(2013) as well as Figures 6 and 7 of Buchan et al. (2010),
and proposed links to coeval ma c intrusions in the Siberian
Craton are considered in Ernst et al. (2016). Finally, the
Phanerozoic 0.12 to 0.08 Ga Queen Elizabeth Islands and
Surprise Fiord dyke swarms are discussed, and interpreted
as components of giant radiating and giant circumferential
dyke swarms that form part of the High Arctic large igneous
province (HALIP), in Buchan and Ernst (2018, 2019).

Despite a signi cant increase in precise U-Pb dating
of dyke swarms and related units in recent years, coupled
with extensive geological mapping, geochemical analy-
ses, and paleomagnetic studies, the overall extent of many,
if not most, of the Paleoproterozoic magmatic events dis-
cussed here remains uncertain, and awaits further study.
For example, many volcanic packages within the various
Paleoproterozoic supracrustal sequences of intracratonic
basins and passive margins scattered across northern Canada
remain undated or poorly dated, and hence cannot yet be
assigned to speci c magmatic events.

GEOLOGICAL SETTING

Northern Canada comprises several cratonic blocks
(Fig. 1), including the Archean Slave, Rae, and Hearne
cratons, the Archean Meta Incognita terrane, and the
Paleoproterozoic Hottah terrane, which are typically sepa-
rated by prominent orogenic belts such as the Thelon
tectonic zone, Taltson magmatic zone, Wopmay Orogen, and
Snowbird tectonic zone. The Archean cratons are thought to
have rifted from ancestral supercontinents or supercratons
mainly during the early Paleoproterozoic, before amalgam-
ating as part of Laurentia by ca. 1.8 Ga (e.g. Ho man, 1988;
Bleeker, 2003; Pehrsson et al., 2013, 2016). Unfortunately, 
many proposed rifting and collisional events, which are
brie y outlined below, are still rather poorly documented, are
not always well dated, and are, in some cases, controversial.

Breakup of Archean cratons from 

ancestral supercratons

The makeup and breakup of the ancestral supercratons
is a topic of much discussion. For example, the compo-
nents of the supercraton from which the Slave Craton was
derived, Sclavia, and the timing of the latter’s breakup are
not well understood (Bleeker, 2003; French and Heaman,
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2010). Nevertheless, a number of early Paleoproterozoic
dyke swarms (and related units) may represent precur-
sors of break-up events along the Slave’s rifted margins
(e.g. LeCheminant et al., 1996a; Ernst and Bleeker, 2010).
Similarly, the ancestral supercratons from which the Rae and
Hearne cratons were derived are poorly constrained (see dis-
cussion in Pehrsson et al., 2013). For example, it has been
proposed that the Hearne and Superior cratons formed part
of the same supercraton, Superia, based on a comparison of
earliest Paleoproterozoic dyke swarms (Bleeker, 2003; Ernst
and Bleeker, 2010; Gumsley et al., 2017). Sandeman et al.
(2013), however, have questioned this linkage.

Relationship between Rae and Slave cratons

in the middle Paleoproterozoic

The relationship of the Rae and Slave cratons during the
middle Paleoproterozoic is uncertain. It has generally been
thought that the two cratons collided at ca. 1.97 Ga, with the
Slave Craton representing an indentor into the Rae Craton and

associated strike-slip movement occurring along bounding
Bathurst and McDonald faults (Fig. 1; e.g. Ho man 1988).
On the other hand, Sheen et al. (2019) have proposed that the
two cratons were together from at least ca. 2.045 Ga, and that 

the East Arm Basin (Fig. 1) represents a failed intracratonic
rift, as had been suggested several decades ago (Ho man,
1973a), but subsequently rejected (Ho man, 1987).

Amalgamation of Rae and Hearne cratons

The timing of the assembly of the Rae and Hearne
cratons along the Snowbird tectonic zone has long been con-
troversial, with some authors arguing for collision in the late
Archean (e.g. Hanmer et al., 1995), and others favouring a
much later collision at ca. 1.9 Ga during the Paleoproterozoic
(e.g. Ho man, 1988; Berman et al., 2007). In early interpre-
tations, the Snowbird tectonic zone, which is well de ned in
the region north of LakeAthabasca, was thought to continue
along the northwestern boundary of the Chester eld Block
as the Tulemalu Fault (Fig. 1). More recently, however, the
Chester eld Block has been generally interpreted as forming

Figure 1.      modi ed from        
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part of the Rae Craton since the late Archean, based on the
recognition of 2.6 Ga plutons that stitch the two blocks (Davis
et al., 2006; Berman et al., 2007).As a result, the revised Rae–
Hearne boundary (i.e. Snowbird tectonic zone) is now usually
drawn along the southern boundary of the Chester eld Block
(Fig. 1; Berman et al., 2007). Despite this clari cation, con-
troversy over the timing of collision between the Rae Craton
(including the Chester eld Block) and the Hearne Craton
continues.

Implications of ma c volcanic sequences

in early Paleoproterozoic supracrustal

successions of the Churchill Province

Ma c volcanic sequences are preserved in several early
Paleoproterozoic sedimentary successions that unconform-
ably overlie Archean rocks of the Rae and Hearne cratons
(see summary in Rainbird et al., 2010). Because of uncertain
ages, the ma c volcanic rocks are seldom well correlated
between the sedimentary successions and are often di cult
to assign to broader magmatic events. They are interpreted
to have been emplaced in extensional settings, and hence
may be associated with continental break-up events.

Multiple phases of rifting on the western

margin of the Slave Craton during the

middle Paleoproterozoic

There is evidence of repeated extensional events dur-
ing the Paleoproterozoic a ecting the margins of cratons in
northern Canada. For example, breakup or failed breakup
may have occurred on the westernmargin of the SlaveCraton
at 2.13 to 2.11 Ga (in association with the Indin dyke swarm;
Ernst and Bleeker, 2010). Later rifting events at 2.01 Ga 

(in association with the Vaillant Formation volcanic rocks;
Ho man et al., 2011) and at 1.90 Ga (in association with
the Bell Island Bay Group volcanic rocks; e.g. Ootes et al., 
2017) are better de ned. Collision between the western
Slave margin and the Hottah terrane followed at ca. 1.88 Ga 

(Ho man et al., 2011). What crustal blocks rifted away
during the extensional events remains unclear. The most
common interpretation is that the Hottah terrane is an exotic
microcontinent or magmatic arc that rifted from some other
parent craton, rather than a magmatic arc that rifted from the
Slave Craton (Davis et al., 2015a; Ootes et al., 2015).

Rifting on the southeastern margin of the

Rae Craton

Rifting on the southeastern margin of the Rae Craton (in
southern Ba n Island) at ca. 1.92 Ga is thought to have led
to formation of an incipient ocean, which closed when the
Meta Incognita microcontinent collided with the Rae Craton

between ca. 1.883 and 1.865 Ga (e.g. St-Onge et al., 2006;
Corrigan et al., 2009; Wodicka et al., 2014). As in the case
of the western margin of the Slave Craton, it is not certain
what crustal block rifted away at 1.92 Ga, whether the Meta
Incognita microcontinent or some yet unidenti ed terrane
(see discussion in St-Onge et al., 2006).

PALEOPROTEROZOIC MAFIC 

DYKE SWARMS AND OTHER LIP 

COMPONENTS OF NORTHERN 

CANADA

In the following subsections, Paleoproterozoic dyke
swarms and other LIP components of northern Canada
are discussed in relation to Laurentia or the older cratonic
blocks (Slave, Rae, and Hearne cratons, and Meta Incognita
and Hottah terranes) that amalgamated to form the northern
portion of Laurentia during the Paleoproterozoic. The units
described are of mainly ma c composition unless otherwise
noted. Their characteristics (such as age, geographic extent,
and paleomagnetism) are brie y outlined, and possible links
to other coeval events are considered. The units are shown
on the accompanying  gures and are listed in Table 1 in 

chronological order to permit a comparison of coeval events
in the di erent cratonic blocks. Their use in interpretingmajor
tectonic events of the region and in testing paleocontinental
reconstructions is also discussed.

Precise U-Pb ages are critical for identifying the vari-
ous components of a given event, determining the timing
of associated extension and rifting, and establishing a mag-
matic barcode (time sequence of magmatic events; Bleeker,
2004) for a cratonic block. Comparison of magmatic bar-
codes for di erent cratonic blocks is helpful in determining
if, and over what period, the blocks were near neighbours.
Paleomagnetism is another important tool for identifying
components of a magmatic event because ma c dykes, sills,
and volcanic rocks often carry a stable magnetic remanence,
the primary or secondary nature of which can be determined
by paleomagnetic  eld tests (Buchan, 2014). Di erent units
of a single magmatic event on a given craton should have
similar primary paleomagnetic poles. In addition, a primary
paleomagnetic pole establishes the latitude and azimuthal
orientation of the cratonic block at the time that the unit was
emplaced. Comparison of paleomagnetic poles for coeval
events from di erent cratonic blocks is useful in testing
paleocontinental reconstructions. An even more rigorous
test of reconstructions can be performed if coeval seg-
ments of apparent polar wander paths (APWPs) for di erent
cratons are available (e.g. Buchan, 2014). When cratonic
blocks drift in unison (i.e. on a single tectonic plate), their
APWPs will have similar shapes and lengths (e.g. Evans and
Pisarevsky, 2008). On the other hand, when cratonic blocks
are drifting independently (on di erent plates), the APWPs
will have di erent shapes.
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Event name (age) 
General location

Magmatic components

Ca. 2.50–2.46 Ga 
 

  
Hearne

   ±             
    

            

               
                
                 

        

              

            

 
  
Rae

            

             ±   
  

             
                 
   

           
             

                
     

Ca. 2.27–2.19 Ga 

 

   

Rae
         in    

   

Slave

   ±      

               
  

   
Slave

         

 

  

Slave

   –     

    ±      

      –      

                
      in        

             
              
                
   see   

            

Table 1.           
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Event name (age) 
General location

Magmatic components



  
Rae (mainly in
Chester eld Block)

                

               

                  
 See also      

Ca. 2.13–2.11 Ga
 

   
Slave

   ±                
            

                
                 

     

               
 

   
Hearne

     

     ±          

 See             
               

               
   


  
Rae and Rae–Hearne

boundary

    ±          ±      

 See      

               

                
           
               

                
       see also   

Ca. 2.05–2.01 Ga
 

 
  
Slave (East Arm and

vicinity)

    ±              
 

        ±      

          ±      

             

                
                
     

                 
         


  

Rae

              

            

 See       

Table 1. 
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Event name (age) 

General location
Magmatic components

  
   
Slave

         ±      

         ±    ±  

       –     

 See      

               
   

   
Wopmay Orogen

               ±  
   

                
         

Ca. 1.97–1.95 Ga  
 



  
Slave (Wopmay Orogen
and Kilohigok Basin)

               

               

               ±     ± 
    

             

             

   

    
Hottah terrane

             

     

               

                
             

Ca. 1.93–1.91 Ga  
 

  
Hottah terrane

       ±     ±      

                 

        

 

  
Slave (East Arm)

       

            ±     

  

           

        

   
Meta Incognita

microcontinent

       ±           

        

             

               

Table 1. 
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Event name (age) 
General location

Magmatic components

Ca. 1.92–1.84 Ga 
 

   

  

Hottah terrane and
western Slave margin

         

         

            ±     
  –       ±      
                   
      ±          

         

             

              
              
               

      

              

               
              

  
  
Rae

            

             –     
 ±      

             

                
                  

                 
                  

                
               
               

  

   
Slave

          

             

                  
       

  

  

Rae

                 

      

             

              
      in    


  
Wopmay Orogen

(metamorphic internal
zone)

           
 ±           

             
                

         

Table 1. 
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Event name (age) 

General location
Magmatic components


  
Slave (including

Kilohigok Basin and
Wopmay Orogen)

              
       

                
        in           

        ±         
                 
         

                
          

              
                

            
              
         



  
Wopmay Orogen (Great
Bear magmatic zone)

       

     ±           

 ±             ±    
            ±    
       

           

 

  
Wopmay Orogen (Great
Bear magmatic zone)

              
               

             
     

          

               



  
Wopmay Orogen
(metamorphic internal

zone)

         see     
     

            



  
Slave (East Arm)

         

             

     

Ca. 1.83–1.82 Ga
 

  

   
Laurentia (Rae)

   ±       

         ±         

                 
   

             
            
                

              
         

Table 1. 
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Event name (age) 

General location
Magmatic components

 
  
Laurentia (Rae and
Hearne)

        

             

                    

        

            

  
    

Laurentia (Rae and
Hearne)

             
    

           

               

Ca. 1.77–1.73 Ga
 


  
Laurentia (Rae and

Hearne)

    ±             

    

      ±    ±         

      

          

    

          ±  

   

              

               
  

            
          

   
  

Laurentia

        in       
   ±       

               
 

   
Laurentia (Wopmay

Orogen)

   –     

               

Table 1. 
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Event name (age) 
General location

Magmatic components

Ca. 1.71–1.70 Ga 
 

  
  
Bonnetia exotic terrane

          ±          
 ±      

             
              

              
       

             
                 
              
   

    

Laurentia (Rae)
         

Ca. 1.66 Ga  
 

   
Laurentia (Hornby Bay
Basin)

               

              

            

 

Ca. 1.60–1.59 Ga 

 


  

Laurentia (western
Cordillera)

     ±        ±  

             

               
             

               
   

           
                 
          

 
  
Laurentia (Great Bear

magmatic zone and
Hornby Bay Basin)

   

                

 ±      

 See     

 See     

                    

                 

                  

Table 1. 
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Ca. 2.50 to 2.46 Ga events

Well dated, large magmatic events that fall in the 2.50
to 2.46 Ga age range include the Kaminak dyke swarm of
the Hearne Craton and mainly felsic plutonism of the Queen
Maud Block and southern Boothia Peninsula of the Rae
Craton (Fig. 2).

Hearne Craton

Ca. 2.50 Ga Kaminak dyke swarm

The Kaminak dyke swarm (Fig. 2) is located within
the Hearne Craton, although its overall extent is poorly
delineated. It is mainly south- to south-southwest-trending
(Davidson, 1970; Christie et al., 1975), with a possible over-
all radiating geometry with a focus near the northern craton
margin (e.g. Ernst and Bleeker, 2010; Buchan and Ernst,
2013). A precise U-Pb baddeleyite age of 2498 ± 1 Ma has
been obtained from a south-trending dyke (Sandeman et al., 
2013), and is assumed to date the emplacement of the
swarm. Spi group basalt  ows (Fig. 2), which are undated
and of very limited extent, may be related to the Kaminak
dykes based on geochemical similarities (Sandeman and
Ryan, 2008).

The Kaminak dyke swarm does not extend into the
Chester eld Block of the Rae Craton (Fig. 2; Davis et al.,
2006). This is consistent with the interpretation that the Rae
and Hearne cratons were not attached at 2.5 Ga, but collided
much later, likely at ca. 1.9 Ga (e.g. Berman et al., 2007;
Pehrsson et al., 2019).

The 2498 Ma Kaminak dykes are approximately coeval
with several dyke swarms in the Superior Craton — par-
ticularly the 2505 +2/–1 Ma Ptarmigan (U-Pb zircon and
baddeleyite; Buchan et al., 1998), 2508 ± 6 Ma Irsuaq
(U-Pb baddeleyite; Maurice et al., 2009), and 2515 to
2505 MaMistassini (U-Pb; Hamilton, 2009; Hamilton et al., 
2017) swarms. The ca. 2462 to 2450 Ma Matachewan
swarm (U-Pb baddeleyite; Hamilton et al., 2017) was once
thought to be coeval with the Kaminak swarm and was
used in Superior–Hearne paleomagnetic reconstructions,
as discussed below. As a result of the most recent dating,
however, the Kaminak swarm is now known to be signi -
cantly older than the Matachewan swarm. Sandeman et al.
(2013) have suggested that the two swarms are not geneti-
cally related based on their age di erence and dissimilar
geochemical compositions. Layered intrusions associated
with the Matachewan LIP, however, have ages of 2475 to
2472 Ma (U-Pb; Clough and Hamilton, 2017; L. Heaman,
pers. comm. in Easton et al., 1999) that are somewhat closer
to the age of the Kaminak dykes.

Rae Craton

Ca. 2.50 to 2.46 Ga felsic and minor ma c

magmatism in the Queen Maud Block

Widespread ca. 2.50 to 2.46 Ga (U-Pb zircon) felsic plu-
tons in the Queen Maud Block of the Rae Craton (Fig. 2)
were emplaced in an extensional environment (Schultz et al., 
2007a, 2010). Coeval ma c rocks from the same area have
geochemical signatures that indicate a continental-rift or

Figure 2.     

    

    

    

     

     

     See  
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 ood-basalt setting rather than a back-arc setting (Schultz
et al., 2007b, 2010). Berman et al. (2013), however, have
proposed alternatives to the rift model, based on studies
in southern Boothia Peninsula, where a granite pluton that
may be linked to the Queen Maud event has been dated at
2.50 Ga (Fig. 2). These authors noted that foliation in sam-
ples from southern Boothia Peninsula, interpreted to have
developed between 2.54 and 2.49 Ga, suggested conver-
gence rather than rifting, and argued that the 2.50 to 2.46 Ga 

magmatism of the Queen Maud Block and southern Boothia
Peninsula may have formed in a back-arc setting during
east-dipping subduction beneath the western margin of the
Rae Craton. Alternatively, they suggested that the magma-
tism could re ect arc rifting possibly induced by spreading
ridge subduction.

Paleomagnetism and testing continental

reconstructions (ca. 2.50–2.46 Ga)

In an early paleomagnetic study, Christie et al. (1975)
noted the similarity of paleopoles for the Kaminak dykes of
the Slave Craton and the approximately coeval Matachewan
dykes of the Superior Craton; they concluded that there has
been no large-scale relative movement of the two regions
since dyke emplacement. There is, however, an ambiguity
in the magnetic polarity that is used in such comparisons.
Bleeker (2004) noted that by reversing the polarity of the
Kaminak pole (compared to that assumed by Christie et al.,
1975) the data permit a reconstruction in which the north-
ern margin of the Hearne Craton is attached to the southern
Superior margin (Fig. 4 in Bleeker, 2004) with the Kaminak
and Matachewan dykes forming a single, giant radiating
dyke swarm. More recent reconstructions (e.g. Ernst and
Bleeker, 2010; Gumsley et al., 2017) di ered somewhat in
detail, but still locate the Hearne Craton to the south of the
Superior Craton. In these Hearne–Superior reconstructions,
the presence of 2.11 Ga ma c magmatism in both cratons
suggests that breakup did not occur during emplacement
of the Kaminak and Matachewan swarms, but could have
occurred after 2.11 Ga (Ernst and Bleeker, 2010).

As noted above, Sandeman et al. (2013) questioned the
proposed genetic link between theKaminak andMatachewan
swarms, and by inference the proposed Hearne–Superior
reconstruction, because the ages of the two swarms now
appear to di er by approximately 50 Ma and they are 
geochemically distinct.

As the 2505 Ma Ptarmigan dyke swarm of the Superior
Craton is close in age to the 2498 Ma Kaminak swarm, a
direct comparison of their paleomagnetic poles is in order.
Unfortunately, the paleomagnetic data for the Ptarmigan
dykes (Buchan et al., 1998) are derived from only three
sampling sites from two dykes, an insu cient sampling
to average out paleosecular variation. The remanence is
thought to be primary for reasons discussed by Buchan et al. 
(1998), but a  eld test has not been carried out to con rm

this conclusion. Buchan et al. (2007) have argued that com-
plicated paleomagnetic data from the marginally older 2515
to 2505 MaMistassini swarm of the Superior Craton (Fahrig
et al., 1986) appear to be consistent with the data from the
Ptarmigan dykes. As with the Kaminak–Matachewan com-
parison discussed above, the paleomagnetic remanences for
the Kaminak and Ptarmigan dykes permit a reconstruction
in which the northern Hearne Craton faces the southern
Superior Craton.

Amore rigorous test of Hearne–Superior reconstructions
in the earliest Paleoproterozoic must await further paleo-
magnetic study. Paleomagnetic data for the Matachewan
dyke swarm of the Superior Craton are of excellent quality
(see summary in Evans and Halls, 2010) and the remanence
has been demonstrated to be of primary origin (Buchan et al., 
1990). In contrast, paleomagnetic data for the Kaminak
dykes of the Hearne Craton (Christie et al., 1975), and the
Ptarmigan (Buchan et al., 1998) and Mistassini (Fahrig et al., 
1986) dykes of the Superior Craton are preliminary and have
yet to be demonstrated primary.

Ca. 2.27 to 2.19 Ga events

Several dyke swarms (and related ma c magmatism)
were emplaced in the Slave and Rae cratons during the 2.27
to 2.19 Ga period (Fig. 3). Various authors have suggested
that the Slave Craton units are linked to hypothesized, but
poorly understood, rifting or failed rifting events along
the craton margins (e.g. LeCheminant et al., 1996a; Ernst
and Bleeker, 2010). The 2.19 Ga Dogrib dyke swarm (and
related units of the Southwestern Slave magmatic prov-
ince) is coeval with the Tulemalu–MacQuoid swarm of the
Rae Craton (LeCheminant et al., 1997). There is, however,
paleomagnetic evidence, discussed below, that the Slave and
Rae cratons were not attached to one another at that time, 
suggesting that there is no genetic link between these events.

Slave Craton

Ca. 2.23 Ga Malley dyke swarm

The 2231 ± 2 MaMalley dyke swarm (U-Pb baddeleyite;
Buchan et al., 2012) trends northeast from the south-central
portion of the Slave Craton to the vicinity of the Bathurst
Fault (Fig. 3). The Brichta dykes (Fig. 3), with approximately
the same trend and similar geochemistry as the Malley dykes
(Buchan et al., 2012), are mapped northeast of the Bathurst
Fault. They are poorly dated at ca. 2.1 Ga by the K-Ar tech-
nique (Wanless et al., 1965, p. 44). Buchan et al. (2012)
proposed that the Britchta dykes represent the continuation
of theMalley swarm—o set by left-lateral movement along
the fault of approximately 115 km (Tirrul and Grotzinger,
1990). LeCheminant et al. (1996a) suggested a possible link
to rifting on the eastern margin of the Slave Craton. Ernst
and Bleeker (2010) proposed a mantle plume centred just
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east of the southern portion of the Bathurst Fault, although
this location is not tenable if the Brichta dykes form a 
northeastward continuation of the Malley swarm.

Ca. 2.21 Ga MacKay dyke swarm

A preliminary age of ca. 2.21 Ga (U-Pb baddeleyite;
LeCheminant and van Breemen, 1994) has been reported for
the MacKay swarm. The swarm appears to have an arcu-
ate geometry, trending east-northeast in the south-central
Slave Craton to east in the east-central Slave Craton (Fig. 3).
LeCheminant et al. (1996a) suggested that these dykes could
be related to rifting along the southern margin of the craton.
Ernst and Bleeker (2010) suggested the presence of a plume
centre just beyond the eastern Slave margin, although an
overall radiating pattern to the swarm is not apparent from
the most recent mapping (Fig. 3; Buchan and Ernst, 2013).

Ca. 2.19 to 2.18 Ga Southwestern Slave magmatic 

province (Dogrib dyke swarm)

The Southwestern Slave magmatic province (Bleeker and
Hall, 2007; Buchan et al., 2010) comprises several units with
ages of 2.19 to 2.18 Ga (Fig. 3). These include the Dogrib
dyke swarm (2193 +3/–2 Ma, U-Pb baddeleyite; Mitchell
et al., 2014), the Duck Lake sill (2181 ± 2 Ma, U-Pb bad-
deleyite; Bleeker and Kamo, 2003), the Big Spruce complex
(ca. 2188 Ma, U-Pb zircon; Cavell and Baadsgaard, 1986),

the Squalus Lake intrusion (2180 ± 1 Ma, U-Pb zircon;
Villeneuve and van Breemen, 1994), and the Blachford Lake
igneous complex (ca. 2180 Ma, U-Pb zircon; Bowring et al.,
1984; A. Davidson in Bowring et al., 1984; Sinclair et al., 
1994).

The Dogrib dyke swarm trends east-northeast in the
southern Slave Craton (Fig. 3). It is similar in age to the
Tulemalu and MacQuoid dyke swarms in the Chester eld
Block of the Rae Craton (LeCheminant et al., 1997). As
discussed below, however, a comparison of primary paleo-
magnetic data from the Dogrib dykes with data that are
probably primary from the Tulemalu dykes suggests that
the Slave and Rae cratons were not attached in their current 
con guration at the time of dyke emplacement.

Rae Craton

Ca. 2.27 Ga Orpheus dyke swarm

A preliminary age of ca. 2.27 Ga (U-Pb baddeleyite and
zircon; M. Hamilton pers. comm. inMowbray and Pehrsson,
2019) has been reported for this north-trending swarm
(Fig. 3).Mowbray and Pehrsson (2019) suggested that it may
be linked to attempted rifting of the southern Rae Craton.
Pehrsson et al. (2019) noted that the swarm does not appear
to extend into the Hearne Craton — evidence that supports
the Rae and Hearne being separate cratons at 2.27 Ga.

Figure 3.             
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Ca. 2.19 Ga Tulemalu–MacQuoid dyke swarm

The east- to south-southeast-trending Tulemalu dykes
are located in the southeastern portion of the Chester eld
Block of the Rae Craton (Fig. 3). They are little metamor-
phosed, except close to the Tulemalu Fault, which forms the
northwestern margin of the Chester eld Block. The mainly
east-trending, metamorphosed and deformed MacQuoid
dykes are located in the northeastern portion of the
Chester eld Block and immediately north of the Chester eld
Block (Fig. 3). A preliminary age of 2.19 Ga (U-Pb bad-
deleyite; LeCheminant et al., 1997; Tella et al., 2001) has
been obtained for each set of dykes, and hence they are 
considered herein as a single dyke swarm.

The fact that the MacQuoid dykes extend north of the
Chester eld Block (Fig. 3) is consistent with the interpreta-
tion that the Chester eld Block was already attached to the
Rae Craton by 2.19 Ga (Berman et al., 2007). The Tulemalu–
MacQuoid swarm, however, does not extend into the Hearne
Craton (Fig. 3; Davis et al., 2006), suggesting that the
Rae and Hearne cratons were not together at 2.19 Ga, but 
collided later (Berman et al., 2007).

Paleomagnetism and testing continental

reconstructions (ca. 2.27–2.19 Ga)

Given the similarity in age between the Tulemalu dykes
of the Rae Craton and Dogrib dykes of the Slave Craton
(see above), a comparison of primary paleomagnetic poles
from the two swarms would establish the relative latitude
and orientation of the two cratons at 2.19 Ga, as discussed
by LeCheminant et al. (1997). A paleopole was determined
for the Dogrib dykes (McGlynn and Irving, 1975; Mitchell
et al., 2014) and demonstrated primary with a baked con-
tact test (Mitchell et al., 2014). A paleomagnetic pole was
determined by Fahrig et al. (1984) for the Tulemalu swarm.
This pole has not been conclusively demonstrated primary
with a  eld test. It is likely primary, however, because the
dykes are relatively fresh, K-Ar ages of country rock in the
sampling area have not been reset (Fahrig et al., 1984), and
the remanence is distinct from the ca. 1.9 to 1.8 Ga mag-
netic overprints that are widespread in the Rae Craton and 

elsewhere in northern Canada.

The Tulemalu and Dogrib paleopoles di er by approxi-
mately 30°. This di erence can be explained in several
ways. In the  rst and most likely interpretation, the Tulemalu
paleopole is primary, and the Slave and Rae cratons were not
in their present relative locations at 2.19 Ga. Depending on
the magnetic polarity option chosen, the paleomagnetic data
indicate that either the two cratons were separated by about
30 to 40° of latitude, or they were at a similar latitude, but
rotated approximately 180° relative to one another compared

to their present con guration. In either case, this interpreta-
tion is consistent with the Slave and Rae being separate at
2.19 Ga (and colliding later at ca. 1.97 Ga; e.g. Ho man,
1988). In a second interpretation, the Tulemalu paleopole
is primary in origin, and the Slave and Rae cratons were
together in their present con guration, except that the local
Tulemalu region has rotated as a block 180° relative to the
Slave Craton and the rest of the Rae Craton since 2.19 Ga.
This interpretation, although less satisfying, is consistent
with the Slave and Rae having been assembled at no later
than ca. 2.045 Ga (Sheen et al., 2019), as discussed below.
In the third scenario, the Tulemalu paleopole represents a
magnetic overprint, and hence it cannot be matched in time
with the Dogrib pole and cannot be used to constrain the
location of the Rae Craton at 2.19 Ga. In this latter interpre-
tation, the age of overprinting is uncertain. As noted above,
the Tulemalu pole is distinct from ca. 1.9 to 1.8 Ga over-
print poles that have been reported for metamorphosed rocks 
elsewhere in northern Canada.

A comparison can also be made between the Tulemalu
paleopole and the 2.22 to 2.17 Ga portion of the Superior
Craton APWP (Fig. 3 in Buchan, 2014), which is based on
well de ned, primary paleopoles. Provided the Tulemalu
pole is primary, it suggests that the Rae and Superior cra-
tons were at similar latitudes, but not in their present relative
con guration, consistent with the interpretation that the col-
lision between the Churchill (combined Rae and Hearne
cratons) Province and Superior Craton occurred much later,
at ca. 1.83 to 1.80 Ga (e.g. Corrigan et al., 2009).

French and Heaman (2010) proposed a reconstruction
of the Slave Craton and the Dharwar Craton of India as
part of the Sclavia supercraton during the 2.23 to 2.17 Ga 

period. They based the reconstruction on an approximate
barcode match between the ages of dyke swarms on the
two cratons — namely the Malley, MacKay, and Dogrib
dykes of the Slave Craton and ca. 2.22 Ga Kandlamadugu,
2.21 Ga Somala, and 2.18 Ga Northern Dharwar dykes of
the Dharwar Craton. This reconstruction remains to be tested
based on paleomagnetic data.

Ca. 2.13 to 2.11 Ga events

Between 2.13 and 2.11 Ga, dyke swarms and/or sill com-
plexes were emplaced in the Slave, Rae, and Hearne cratons
(Fig. 4), as well as on many other North American cratons,
including the Superior, Wyoming, and Nain. Given this
widespread magmatism, it is di cult to link speci c 2.13
to 2.11 Ga events between the various cratons. The Indin
dyke swarm of the Slave Craton may be related to failed rift-
ing along the craton’s western margin. The Chipman dykes
were intruded in an extensional setting along the Snowbird 

tectonic zone, which forms the Rae–Hearne boundary.



390

GSC Bulletin 612

Slave Craton

Ca. 2.13 to 2.11 Ga Indin dyke swarm

The Indin dyke swarm of the southwestern Slave Craton
(Fig. 4) has been dated at 2126 to 2108 Ma (U-Pb baddeley-
ite) by Davis and Bleeker (2007), Bleeker et al. (2008a), and
Buchan et al. (2016). The swarm trends southeast to south-
southeast and appears to fan slightly to the southeast, leading
Ernst and Bleeker (2010) to propose a focus and possible
plume centre beyond the western Slave margin. There is
no clear evidence that this event led to continental breakup
along the western Slave margin, although evidence of later
breakups on this margin at 2.01 and 1.90 Ga are discussed
below.

Hearne Craton

Ca. 2.11 Ga Gri n sills

The Gri n gabbro sills (Fig. 4) intrude the Hurwitz
group sedimentary rocks of the Hearne Craton (Aspler et al.,
2002) and have been dated precisely at 2111 ± 1 Ma (U-Pb
baddeleyite; Heaman and LeCheminant, 1993). Aspler et al. 
(2002) interpreted the Gri n sills to be fed by unidenti-
 ed regional-scale dykes from a mantle plume located
south of the Hearne Craton and linked to rifting that led
to opening of the Manikewan Ocean between the Hearne
and Superior cratons. Berman et al. (2007) noted that the
Gri n sills are con ned to the Hearne Craton and are not
found in the Rae Craton, consistent with the two cratons
being separate at 2.11 Ga. This interpretation is less clear,
however, given the recent dating of the Kazan dykes of the

Rae Craton (Chester eld Block) and the Chipman dykes
of the Rae–Hearne boundary region at ca. 2.12 to 2.11 Ga 

(see discussion below). There are also volcanic rocks of the
Happotiyik member of the Hurwitz group, but they have
been interpreted to be somewhat older than the Gri n sills
(Aspler et al., 2002).

Rae Craton and Rae–Hearne boundary

Ca 2.12 Ga Kazan dyke swarm

The Kazan dyke swarm (Fig. 4; Eade, 1986) trends
northeast in the Chester eld Block of the Rae Craton, paral-
lel to the Tulemalu Fault. It has been dated at 2116 ± 12 Ma
(U-Pb zircon; Regan et al., 2017).

Ca. 2.11 Ga Chipman dyke swarm

The Chipman dyke swarm (Fig. 4) trends northeast in
the vicinity of the Snowbird tectonic zone, which marks the
boundary between the Hearne and Rae cratons; its extent
in each of the two cratons is unclear. Flowers et al. (2006)
dated metamorphism of the swarm at 1896 ± 1 Ma (U-Pb
zircon) and interpreted this to be also the age of emplace-
ment. More recently, however, the swarm has been dated at
2113 ± 13 Ma (U-Pb zircon; Regan et al., 2017).

Regan et al. (2017) interpreted the Chipman, Kazan, and
Gri n magmatism as a ca. 2.11 Ga LIP, with the Chipman
and Kazan dykes representing aborted rifting associated with
the Snowbird tectonic zone. The overlap of ca. 2.11 Ga mag-
matism on the Hearne and Rae cratons is consistent with the
two blocks having been together by 2.11 Ga. This correlation, 

Figure 4.     
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however, may not be signi cant given that 2.13 to 2.11 Ga 

magmatism occurs on many cratons. In addition, there is
substantial evidence to suggest the Hearne and Rae cratons
were not attached throughout much of the Paleoproterozoic
and that they collided at ca. 1.9 Ga. As noted above, dyke
swarms in the 2.50 to 2.19 Ga period (Kaminak dyke swarm
of the Hearne Craton, and Orpheus and Tulemalu–MacQuoid
swarms of the Rae Craton) are not known to cross the Rae–
Hearne boundary. Furthermore, there is growing support
for a 1.9 Ga collisional event along the Snowbird tectonic
zone between the cratons, including eclogite dated at 1.9 Ga 

(Berman et al., 2007; Pehrsson et al., 2019). Finally, the 
ca. 1.99 to 1.92 Ga Taltson magmatic zone (McDonough 

et al., 2000) appears to be truncated by the Snowbird tec-
tonic zone (Ho man, 1988), as would be expected if the Rae
and Hearne cratons had collided at 1.9 Ga.

Paleomagnetism and testing continental

reconstructions (ca. 2.13–2.11 Ga)

In addition to the 2.13 to 2.11 Ga dykes and sills of the
Slave, Rae, and Hearne cratons of northern Canada, similar-
aged dykes have been reported in other cratonic blocks that
form Laurentia— namely the 2.13 to 2.10 GaMarathon dyke
swarm of the Superior Craton (see summary in Halls et al., 
2008), the 2.11 Ga Bear Mountain dykes of the Wyoming
Craton (Bowers and Chamberlain, 2006), and the 2.12 Ga 

Tikkigatsiagak–Avakutak Bay dykes of the Nain Craton
(see summary in Sahin and Hamilton, 2019). Given the

simultaneous emplacement of these intrusions, determining
primary paleomagnetic poles for each would permit a test of
paleocontinental reconstructions at that time.

Currently, reliable primary paleomagnetic data are only
available for the Slave and Superior cratons. The primary
paleopoles for the Indin dykes of the Slave Craton and the
Marathon dykes of the Superior Craton are quite discordant,
demonstrating that these two cratons have moved relative to
one another since the time of dyke emplacement (Fig. 12 in 

Buchan et al., 2016). Furthermore, a comparison of ca. 2.23
to 1.88 GaAPWPs for the Slave and Superior cratons, based
on primary paleopoles, has indicated that they were not drift-
ing as part of a single supercontinent over that time interval
(Fig. 12 in Buchan et al., 2016).

Paleomagnetic data are also available for the ca. 2.12 Ga 

Kazan dykes of the Rae Craton (Fahrig et al., 1984) and the
2.11 Ga Gri n sills of the Hearne Craton (K.L. Buchan in 

Aspler et al., 2002). These data, however, are interpreted
to represent postintrusive overprints, likely acquired at 
ca. 1.9 to 1.8 Ga, and hence cannot be used to test continental 
reconstructions at 2.13 to 2.11 Ga.

Ca. 2.05 to 2.01 Ga events

During the 2.05 to 2.01 Ga period, ma c magmatism
was widespread in the Slave Craton and along its margins
(Fig. 5). It has been linked to rifting on the western margin of
the craton and to either rifting or failed rifting on the south-
ern margin. The rifting on the western margin is thought to

Figure 5.                

                

           See      
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have led to the opening of an ocean (e.g. Ho man et al.,
2011). In contrast, the presence of coeval intrusions in the
Rae Craton has led to the interpretation that rifting failed
along the southern Slave margin and that the Slave and
Rae cratons were attached in their current con guration by 

ca. 2.045 Ga (Sheen et al., 2019).

Slave Craton

Ca. 2.05 to 2.04 Ga Union Island Group volcanic 

rocks and intrusions, and ca. 2.04 Ga McKee Lake 

dyke swarm

The Union Island Group, which includes a thick succes-
sion of basaltic  ows (Fig. 5), has recently been recognized
as the oldest unit in the East Arm Basin of Great Slave Lake,
with the lower basalt formation dated at 2046 ± 1 Ma (U-Pb
zircon; Sheen et al., 2019), 120 Ma older than previously
thought (e.g. Bowring et al., 1984). Sheen et al. (2019) inter-
preted intrusions (sills and northeast-trending dykes), one of
which they dated at 2043 ± 3 Ma (U-Pb baddeleyite), as feed-
ers to the lower basalt  ows. Furthermore, they linked these
intrusions to the 2038 ± 3 Ma (U-Pb baddeleyite; Pehrsson
et al., 1993) McKee Lake dyke swarm (Fig. 5), which trends
east-northeast parallel to, and immediately south of, the East
Arm of Great Slave Lake. The McKee Lake dyke swarm
should not be confused with the subparallel, but genetically
unrelated and younger 1901 Ma Hearne dyke swarm along
the northern shore of the East Arm of Great Slave Lake.

Although Union Island Group volcanism represents a
major extensional episode on the southeastern margin of the
Slave Craton, it is unclear if rifting led to the formation of an
ocean. Sheen et al. (2019) concluded that the Slave and Rae
cratons have been together in their current con guration at
least since ca. 2.045 Ga, that the East Arm Basin represents
a failed rift (cf. early failed-rift model in Ho man, 1973a;
Ho man et al., 1977), and that no ocean formed between
them. As evidence that the Rae and Slave were part of a sin-
gle crustal block at ca. 2.045 Ga, Sheen et al. (2019) noted
similarities between coeval magmatic units in the East Arm
Basin and Rae Craton. Speci cally, they discussed the simi-
larity between the stratigraphy of the lower Union Island
Group and that of the lower Montresor group (Percival et al., 
2017) east of the Thelon tectonic zone in the Rae Craton
(Fig. 5), which is also intruded by a 2045 ± 13 Ma (U-Pb
zircon) gabbro sill (see ‘Ca. 2.045 Ga Montresor intrusions’
section). They also noted the similarity in the age of the lower
Union Island Group magmatism and 2.05 to 2.03 Ga plutons
in the Penylan Domain of the Rae Craton (Fig. 5; Davis et al., 
2015b; (see ‘Ca. 2.05 to 2.03 Ga Penylan Domain plutons’
below). With regard to the possibility of an ocean develop-
ing between the Slave and Rae cratons after ca. 2.045 Ga, 

Sheen et al. (2019) suggested that the approximately 60 to

70 Ma interval between eruption of the Union Island Group
basaltic rocks and the voluminous magmatism of the Taltson
magmatic zone (<1986 Ma) and deformation of the Great
Slave Lake shear zone (<1978 Ma) is too short to permit
the opening and closing of an ocean as proposed by earlier
workers, who hypothesized a collision between the Rae and
Slave cratons at ca. 1.97 Ga (e.g. Ho man, 1988; Ho man
et al., 2011). Finally, they also cited the lack of evidence
for subduction-related features along the southeastern Slave
margin (e.g. Chacko et al., 2000; Snyder and Kjarsgaard,
2013).

Ca. 2.03 to 2.02 Ga Lac de Gras dyke swarm and 

Booth River igneous complex

The 2027 to 2023 Ma Lac de Gras ma c dyke swarm
(U-Pb baddeleyite; Buchan et al., 2009) trends north-north-
east across the central Slave Craton (Fig. 5). It is coeval
with the 2026 to 2023 Ma ma c-ultrama c-felsic Booth
River igneous complex (U-Pb zircon; Roscoe et al., 1987;
Davis et al., 2004) (Fig. 5), which intrudes the base of the
Goulburn Supergroup of the Kilohigok Basin. LeCheminant
et al. (1996a) suggested that the dykes converge slightly to
the north and, hence may have been injected laterally from
the vicinity of the Booth River igneous complex. Ernst and
Bleeker (2010) proposed a focus and possible mantle plume
centre in northern Bathurst Inlet. The most recent interpreta-
tion of the swarm’s distribution (Fig. 5; Buchan and Ernst,
2013), however, showed a broad linear swarm with no clear
convergence of the dykes to the north.

Sheen et al. (2019) suggested that the Lac de Gras dykes
may be related to the slightly older, ca. 2045 to 2038 Ma
ma c magmatism of the Union Island Group in the EastArm
Basin and related McKee Lake dykes, which they linked to
failed rifting on the southern margin of the Slave Craton, as
discussed above. The Lac de Gras dykes, however, do not
appear to extend as far south as the East Arm Basin (Fig. 5).
LeCheminant et al. (1996a) and Ho man et al. (2011) pro-
posed a possible link between the Lac de Gras–Booth River
magmatism and slightly younger rifting along the western
margin of the Slave Craton, as discussed below.

Ca. 2.014 Ga Vaillant Formation basalt

Ho man et al. (2011) determined a precise U-Pb zir-
con age of 2014 ± 1 Ma for a felsic tu  at the top of the
Vaillant Formation basalt (Fig. 5) of the Coronation margin.
LeCheminant et al. (1996a), based on preliminary dating of
this unit (S.A. Bowring, pers. comm. in LeCheminant et al., 
1996a), suggested a possible link between rifting on the
Coronation margin and slightly older Lac de Gras–Booth
River magmatism. Ho man et al. (2011) interpreted the
2014 Ma Vaillant basalt age as the age of the rift-to-drift
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transition preceding ocean formation. They noted that
Lac de Gras dykes are parallel to the Coronation margin,
and about 10 Ma older than the felsic tu . This age di er-
ence is comparable to the lag of 5 to 15 Ma between  ood
basalt magmatism and the onset of sea oor spreading in the
Atlantic Ocean basin.

Rae Craton

Ca. 2.045 Ga Montresor intrusions

A gabbro sill intruding the lower Montresor group
(Fig. 5) was dated by Percival et al. (2017) at 2045 ± 13 Ma
(U-Pb zircon).

Ca. 2.05 to 2.03 Ga Penylan Domain plutons

Davis et al. (2015b) dated three plutons in the Penylan
Domain of the Rae Craton, a short distance southeast of the
Taltson magmatic zone (Fig. 5): an anorthositic gabbro, a
quartz diorite, and a monzogranite with crystallization ages
of 2048 ± 2 Ma, 2046 ± 8 Ma, and 2032 ± 5 Ma, respectively.

The signi cance of the 2.05 to 2.03 Ga Rae Craton mag-
matism associated with the Montresor group and Penylan
Domain for the timing of the collision between the Rae and
Slave cratons has been discussed above in relation to the
coeval Union Island Group basaltic rocks.

Paleomagnetism and testing continental

reconstructions (ca. 2.05–2.01 Ga)

Paleomagnetism of coeval units from the Slave and Rae
cratons could potentially be used to establish whether the
Slave and Rae cratons were together or not during the 2.05
to 2.01 Ga period. A robust primary paleopole has been
reported for the 2027 to 2023 Ma Lac de Gras dykes of the
Slave Craton (Buchan et al., 2009), and it may be possible
to obtain a second Slave paleopole at 2045 to 2042 Ma from
the Union Island Group volcanic rocks and intrusions. Given
that ca. 2.045 Ga magmatism is also present in the Rae
Craton, if suitable unmetamorphosed intrusions or volcanic
rocks of these ages can be identi ed, they could provide a
direct paleomagnetic comparison between the two cratons
to test whether they were together or separated at that time.

Ca. 1.97 to 1.95 Ga events

Magmatic events between 1.97 and 1.95 Ga are recorded
in both the Slave Craton and the Hottah terrane (Fig. 6). The
Slave Craton is usually interpreted to have collided with the
Rae Craton at ca. 1.97 Ga (e.g. Ho man, 1988). The Hottah
terrane is thought to have rifted from a parent craton, then
drifted as a microcontinent and eventually collided with the
western Slave Craton at ca. 1.88 Ga (e.g. Ootes et al., 2017).

Slave Craton

Ca 1.97 to 1.96 Ga Carousel igneous suite

The Carousel igneous suite (Ho man, 1996) comprises
basalt and gabbro sills of the Odjick Formation of the lower
Epworth Group on the Coronation margin of the Slave
Craton (Fig. 6).Although not directly dated, they were likely
emplaced at ca. 1969 to 1963 Ma, based on the correlation
of ash beds in the Odjick Formation with ash beds of the
Bear Creek Group of the Kilohigok Basin (Fig. 6) that have
been dated at 1969 ± 1 Ma and 1963 ± 1 Ma (U-Pb zir-
con; Bowring and Grotzinger, 1992). The Epworth Group
represents the passive margin of the western Slave Craton
(Ho man, 1973b; Ho man et al., 2011).

Hottah microcontinent

Ca. 1.95 Ga Holly Lake metamorphic suite

The Holly Lake metamorphic suite (Fig. 6) includes
ma c to intermediate volcanic rocks that are thought to have
erupted at ca. 1.95 Ga, based on a detrital zircon study of
a metasedimentary unit in the suite (Davis et al., 2015a).
The suite is interpreted to have been emplaced prior to the
Hottah microcontinent rifting from a parent craton (Davis
et al., 2015a; Ootes et al., 2015). Detrital zircon ages from
the Holly Lake suite and other units in the Hottah terrane
suggest that this parent craton was not the Slave Craton, but
likely a younger terrane located south of the Slave Craton —
perhaps the Taltson or Ksituan magmatic zone (Davis et al.,
2015a; Ootes et al., 2015, 2017).

Ca. 1.93 to 1.91 Ga events

During this period, well dated magmatic events occurred
in three widely separated regions (Fig. 7), the Hottah terrane
(still attached to its parent craton), the East Arm Basin on
the southern Slave Craton, and the Meta Incognita terrane of
southern Ba n Island. No clear link between the events in
these regions has been established. The Meta Incognita ter-
rane is interpreted as a microcontinent that collided with the
southeastern Rae Craton at ca. 1.883 to 1.865 Ga (St-Onge
et al., 2006). It is unclear if it rifted earlier from the Rae
Craton, rifted from the Superior Craton, or perhaps was
separate from both the Rae and Superior cratons (St-Onge
et al., 2006).

Hottah microcontinent

Ca. 1.93 to 1.91 Ga Hottah plutonic complex

The mainly felsic Hottah plutonic complex (Fig. 7) was
emplaced at ca. 1.93 to 1.91 Ga (U-Pb zircon; Ootes et al.,
2015). It is interpreted as the root of a subduction-related
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magmatic arc (Hildebrand et al., 1983) that originated prior
to the Hottah terrane rifting from its parent craton, which,
as noted above, may have been the Taltson or Ksituan mag-
matic zone to the south (Davis et al., 2015a; Ootes et al.,
2015, 2017).

Slave Craton

Ca. 1.93 Ga lower Wilson Island Group volcanic 

rocks and sills

The 1928 ± 11 Ma bimodal volcanic rocks and sills of
the lower Wilson Island Group (U-Pb; Bowring et al., 1984;
Johnson, 1990) are located in the East Arm Basin of Great
Slave Lake (Fig. 7). Johnson (1990) suggested that theWilson
Island Group was deposited in a pull-apart basin during post-
collisional convergence between the Slave and Rae cratons.
Sheen et al. (2019), however, have argued that the Slave and
Rae cratons were together at least as early as ca. 2.045 Ga and 

that the East Arm Basin re ects failed rifting, as discussed
above.

Meta Incognita microcontinent

Ca. 1.92 Ga Frobisher suite ma c-ultrama c sills

The ma c-ultrama c Frobisher suite sills of the Lake
Harbour Group are distributed across much of the Meta
Incognita microcontinent (Fig. 7; Liikane et al., 2015).
They have been dated at ca. 1922 ± 12 Ma (U-Pb zircon;
Liikane et al., 2015). St-Onge et al. (2000) proposed a link
between the sills and rifting of the Meta Incognita microcon-
tinent from its parent craton. Liikane et al. (2015) suggested
that the sills may be related to a plume-generated LIP or 
back-arc rifting.

Ca. 1.92 to 1.84 Ga events

Magmatism in the Slave Craton and in the Wopmay
Orogen was extensive and of a semicontinuous nature
throughout the 1.91 to 1.84 Gaperiod (Fig. 8a, b).Widespread
1.90 to 1.89 Ga magmatism in the southern Slave Craton,
along the western Slave margin, and in the Hottah terrane
may represent a single event that is associated with breakup
along the western Slave margin, breakup of the Hottah
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terrane from its parent craton, and a phase of rifting in the
East Arm Basin. Widespread post-1.89 Ga magmatism in
the Slave Craton and Wopmay Orogen is contemporaneous
with east-dipping subduction, associated back-arc extension,
and collision of the Hottah terrane on the western margin
of the Slave Craton. By the end of this period, the portion
of Laurentia that is located in northern Canada (Fig. 1) had
fully assembled, with the Rae and Hearne cratons likely col-
liding at ca. 1.9 Ga, as proposed by Berman et al. (2007) and
Pehrsson et al. (2019).

Hottah microcontinent

Ca. 1.91 to 1.89 Ga Bell Island Bay group  

volcanic rocks

The Bell Island Bay group of the Hottah microconti-
nent (Fig. 8b) consists of a lower and an upper sequence.
The lower Bell Island Bay group includes bimodal volcanic
rocks of the Zebulon formation dated at 1906 ± 2 Ma (U-Pb
zircon; Ootes et al., 2015) and 1898 +7/–6 Ma (U-Pb zir-
con; Reichenbach, 1991). The upper Bell Island Bay group
includes the Bloom Basalt, which was dated at 1895 ± 2 Ma
or older based on the U-Pb zircon age of an overlying rhyo-
dacite (Ootes et al., 2015), as well as the north-trending
Fishtrap Lake dykes (Fig. 8b) and sills, which may be feed-
ers to the basalt (Reichenbach, 1991). The Bloom Basalt
erupted during separation of the Hottah microcontinent from
its parent craton (Davis et al., 2015a; Ootes et al., 2015),
before the microcontinent moved northward to eventually
collide with the western Slave margin at ca. 1.88 Ga. The
rifting event associated with the Bloom Basalt is coeval
with rifting on the western Slave margin associated with
the Grant subgroup basalt and the Akaitcho Group bimodal 
volcanic rocks (e.g. Ootes et al., 2017).

Slave Craton

Ca. 1.91 to 1.89 Ga Akaitcho–Grant magmatism

Grant subgroup basalt, with an interbedded rhyodacite
dated at 1893 ± 2 Ma (U-Pb zircon; Ootes et al., 2015)
and Akaitcho Group bimodal volcanic rocks, with rhyolite
dated at ca. 1.90 Ga (U-Pb zircon; Ho man and Bowring,
1984) are located in the metamorphic internal zone of the
Wopmay Orogen, east of the Wopmay Fault (Fig. 8b). They
represent rifting on the western margin of the Slave Craton,
contemporaneous with lower Bell Island Bay volcanic
rocks (see previous section), which are linked to rifting of
the Hottah microcontinent from its parent craton (e.g. Ootes 
et al., 2017).

Ca. 1.90 Ga Hearne dyke swarm

Hearne dykes, dated at 1901 ± 4 Ma (U-Pb baddeleyite;
Bleeker et al., 2008b) trend east-northeast along the northern
shore of the East Arm of Great Slave Lake (Fig. 8b). Bleeker 
et al. (2008b) proposed that the swarmmay re ect a  nal phase
of lithospheric stretching on the southern margin of the Slave
Craton. Mumford and Cousens (2014) have suggested that
some dykes in the swarm may be as young as ca. 1892 Ma,
based on  eld relationships with precisely dated stocks that
intrude the ca. 2.18 Ga Blachford Lake intrusive complex.

The Hearne dykes are approximately coeval with, or
marginally older than, the Bloom Basalt, Grant subgroup
basalt, and Akaitcho bimodal volcanic rocks that collec-
tively have been interpreted to represent a major episode of
rifting in the Hottah terrane and on the western margin of
the Slave Craton (Ootes et al., 2017). If a mantle plume is
associated with this magmatism and breakup, the plume may
be located at the intersection of the trend of the Hearne dyke
swarm with the western Slave margin. In this interpretation
the Hearne dykes re ect failed rifting.

Figure 7.            

             

   See      
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Bleeker et al. (2008b) andErnst andBleeker (2010) inter-
preted the Hearne swarm as part of a ca. 1.9 Ga Snowbird
LIP that was thought to include the ca. 1.9 Ga Daly Bay and
Kramanituar ma c granulite complexes of the Rae Craton
(Fig. 8a), and the Chipman dyke swarm along the Snowbird
tectonic zone between the Rae and Hearne cratons (Fig. 4).
A link between the Chipman dykes and the granulite com-
plexes was proposed by Flowers et al. (2006), based on a
U-Pb zircon age of ca. 1.9 Ga that dated metamorphism
of the swarm. Subsequent dating (Regan et al., 2017),
described in ‘Ca. 2.11 Ga Chipman dyke swarm’ above, 

suggests, however, that the Chipman dykes are ca. 2.11 Ga 

in age, and hence unrelated to the Hearne dykes or a 1.9 Ga 

LIP.

Ca. 1.90 to 1.88 Ga Hepburn intrusive suite

Peraluminous granite to gabbro plutons of the Hepburn
intrusive suite intruded the metamorphic internal zone of
the Wopmay Orogen (Fig. 8b) between 1.895 and 1.878 Ga 

(U-Pb zircon; Ho man and Bowring, 1984; Ootes et al.,

Figure 8. a)            

              

   See       b)   
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2017). It has been proposed that they formed in a back-arc
basin (Lalonde, 1989) or a fore-arc basin (Hildebrand et al., 
2010a). Ootes et al. (2017) have suggested that they are
linked to rifting on the western Slave margin that produced
the Grant subgroup volcanic rocks (see above).

Ca. 1.89 to 1.87 Ga Ghost dyke swarm and 

approximately coeval magmatism

Mainly ma c magmatism, dated at ca. 1.89 to 1.87 Ga, 

occurs across the Slave Craton, including the Wopmay
Orogen and Kilohigok Basin (Fig. 8b). The northeast-trend-
ing Ghost dykes of the southwestern Slave Craton form a
broad linear swarm, and have been dated at 1886 to 1884 Ma
(U-Pb baddeleyite; Atkinson, 2004; Davis and Bleeker,
2007; Bleeker et al., 2008a; Buchan et al., 2016). Several
other intrusive and extrusive units are approximately coeval
with, or slightly younger than, the Ghost dykes. They
include the ca. 1890 to 1880 Ma Morel sills (e.g. Hildebrand
and Bowring, 1999; Hildebrand et al., 2010a) within the
Coronation Supergroup of theWopmayOrogen, ca. 1870 Ma
Mara River intrusive sheets (Davis et al., 2004; M. Hamilton
in Buchan et al., 2010) of the Kilohigok Basin and north-
ern Slave Craton, the 1882.5 ± 1 Ma Fontano Formation tu 
(U-Pb zircon; Ho man et al., 2011) of the Recluse Group
of the Wopmay Orogen, and the Brown Sound Formation
basalt of the Kilohigok Basin. The Brown Sound Formation
basalt has not been directly dated, but is interpreted to be
coeval with, or slightly younger than, the Fontano tu  based
on stratigraphic correlation (Bowring and Grotzinger, 1992).

It is uncertain if the widespread magmatism described
above belongs to a single long-lived event. In any case, it is
contemporaneous with collision of the Hottah microconti-
nent and the western Slave Craton margin. Hildebrand and
Bowring (1999) interpreted the emplacement of the Morel
sills, which are con ned to a 200 km long by 10 km wide
zone within, and parallel to, the Wopmay Orogen, as the
result of extension orthogonal to the Slave Craton bound-
ary during collision and breako  of a subducting slab. This
interpretation is based on the assumption that the feeder
dykes to the sills (which have not been identi ed in the  eld)
were also oriented parallel to the orogen. Davis and Bleeker
(2007) suggested a similar setting for the emplacement of the
Ghost dyke swarm, and interpreted the Mara River sheets as
back-arc magmatism.

Ca. 1.88 to 1.85 Ga McTavish supergroup

The McTavish supergroup of the Great Bear magmatic
zone (Fig. 8b; Hildebrand et al., 2010b) includes LaBine
Group volcanic rocks (1876 ± 3 Ma, andesite, U-Pb zircon;
Ootes et al., 2015); mainly rhyolitic Faber group volca-
nic rocks (1869 ± 1 Ma, rhyolitic ignimbrite, U-Pb zircon;
Ootes et al., 2015); bimodal Sloan group volcanic rocks
(1863 ± 2 Ma, rhyolite beneath basalt; U-Pb zircon; Ootes

et al., 2015); and feeder dykes. Bimodal Dumas group vol-
canic rocks (1869.5 ± 2 Ma, rhyodacite, U-Pb zircon; Ootes 
et al., 2105), located east of the Wopmay Fault, are coeval
with the McTavish supergroup. All these units were
emplaced during collision of the Hottah microcontinent with
the Slave Craton.

Ca. 1.88 to 1.85 Ga Great Bear intrusive suite

Calc-alkaline intrusions of the Great Bear intrusive suite
in the Great Bear magmatic zone (Fig. 8b) have been dated at
ca. 1.875 to 1.850 Ga (U-Pb zircon; Ho man and Bowring,
1984;Gandhi et al., 2001;Bennett andRivers, 2006a, b).They
are thought to have been emplaced above an east-dipping 

subduction zone associated with collision of the Hottah
microcontinent and the western Slave Craton (Hildebrand 

et al., 1987; Ootes et al., 2015).

Ca. 1.87 to 1.85 Ga Bishop intrusive suite

The Bishop intrusive suite (Fig. 8b) of the metamorphic
internal zone of the Wopmay Orogen comprises granite
to gabbro plutons dated at ca. 1.865 to 1.850 Ga (U-Pb;
Bowring, 1985; see discussion in Ootes et al., 2017).
Lalonde (1989) interpreted the suite as the waning phase of
Great Bear magmatism.

Ca. 1.87 to 1.86 Ga Compton laccoliths

The Compton calc-alkaline laccoliths of the East Arm of
Great Slave Lake (Fig. 8b) have been dated at 1872 ± 8 Ma
and 1861 ± 17 Ma (U-Pb; Bowring et al., 1984). They may
be genetically related to approximately coeval calc-alkaline
intrusions in the Great Bear magmatic zone (Ho man and
McGlynn, 1977).

Rae Craton

Ca. 1.90 to 1.88 Ga upper Bravo Lake Formation 

magmatism

The Bravo Lake Formation of the Piling Group on central
Ba n Island (Fig. 8a) comprises ma c-ultrama c volcanic
rocks, sills, and dykes (Johns et al., 2006). Sills in the upper
Bravo Lake Formation have been dated at 1897 +10/–5 Ma
(U-Pb zircon; Wodicka et al., 2014) and 1883 ± 5 Ma (U-Pb
zircon; Henderson and Parrish, 1992). The possibility that
tholeiitic to picritic volcanic rocks of the lower Bravo Lake
Formation may be much older than the alkaline basalt of
the upper Bravo Lake Formation, perhaps as old as 1.98 Ga 

(Wodicka et al., 2014), should be noted, although they have
yet to be directly dated.
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Jackson and Berman (2000) proposed that Bravo Lake
Formation volcanic rocks may be linked to poorly dated
volcanic rocks in the Penrhyn Group of Melville Peninsula
(Fig. 8a) and Karrat Group volcanic rocks of western
Greenland. Rainbird et al. (2010) suggested that they may be
coeval with volcanic rocks in the Five-Mile Lake formation
of the Amer group and volcanic rocks in the Ketyet River
group (Fig. 8a). Given, however, that Wodicka et al. (2014)
proposed a large age di erence between the lower and upper
portions of the Bravo Lake Formation, as discussed above, a
correlation with magmatism in these other sedimentary suc-
cessions needs to be tested using geochronological methods.

The setting for Bravo Lake Formation volcanic rocks
and related units has been controversial. Jackson and
Berman (2000) suggested a plume origin on the basis of
geochemistry. Johns et al. (2006), citing the lack of plume-
related features such as an uplift or a giant radiating dyke
swarm, suggested emplacement in an intracontinental basin.
Wodicka et al. (2014) proposed that the lower Bravo Lake
volcanic rocks were emplaced in an intracontinental basin,
whereas the upper Bravo Lake volcanic rocks represent
incipient rifting on the southeastern Rae margin.

Ca. 1.92 to 1.90 Ga Daly Bay and Kramanituar 

complexes

The Daly Bay and Kramanituar ma c granulite com-
plexes (Fig. 8a) of the Rae Craton are dated at 1917 ± 3 Ma
(U-Pb; Berman et al., 2007) and 1901 ± 2 Ma (U-Pb;
Sanborn-Barrie et al., 2001), respectively. Berman et al.
(2007, Fig. 2) suggested that this ma c magmatism and
related extension, rapid uplift, and cooling was triggered
by slab breako  associated with north-directed subduction
of the Hearne plate beneath the Rae Craton (including the
Chester eld Block). As discussed above, Ernst and Bleeker
(2010) proposed a link between these bodies and the coeval
Hearne dyke swarm of the southern Slave Craton.

Paleomagnetism and testing of continental

reconstructions (ca. 1.92–1.84 Ga)

The 1.89 to 1.87 Ga Ghost magmatic event, discussed
above, is approximately coeval with the precisely dated
Kalaro–Nimnyrsky (1869 ± 2 Ma; U-Pb baddeleyite) and
Malozadoisky (1863 ± 1 Ma; U-Pb babbeleyite) ma c dyke
swarms in the Siberian Craton (Ernst et al., 2016). Based
on geological and paleomagnetic comparisons, a number
of authors (e.g. Rainbird et al., 1998; Buchan et al., 2001;
Evans andMitchell, 2011; see also Supplementary Figure S1 

in Ernst et al., 2016) have concluded that the southern
margin of the Siberian Craton may have been adjacent to
northern Laurentia during a portion of the Proterozoic. Most
recently, Ernst et al. (2016) used a comparison of the mag-
matic barcodes for Siberia and Laurentia to propose such
a reconstruction over the entire 1.90 to 0.72 Ga period. A

comparison between the primary paleopoles for the 1886
to 1884 Ma Ghost dykes (Buchan et al., 2016) and coeval
1878 ± 4 Ma lower Akitkan redbeds of Siberia (Didenko 

et al., 2009) allows such a reconstruction (Fig. 14 in Buchan
et al., 2016).

Ca. 1.89 to 1.87 Ga ma c magmatism is also widespread
in the Superior Craton (Ciborowski et al., 2017). There is
no evidence, however, that magmatic events occurring in
the Slave and Superior cratons are genetically related, as
the Superior Craton did not collide with northern Laurentia
(including the Slave Craton) until ca. 1.83 to 1.80 Ga, as
noted above. A distinct di erence in the primary paleopoles
for the Ghost dykes of the Slave Craton and the coeval 
ca. 1.88 Ga Molson dykes of the Superior Craton (Fig. 14
in Buchan et al., 2016) con rms that the two cratons were
not located in their present con guration when these dyke
swarms were emplaced.

Ca. 1.83 to 1.82 Ga events

Magmatism in this and younger periods is mainly associ-
ated with Laurentia, because amalgamation of the cratonic
blocks that form the northern portion of Laurentia was
complete by 1.83 Ga (except for far-western terranes such
as Bonnetia, which survive only as megaclasts within the
Wernecke breccia, as discussed in ‘Bonnetia terrane’ section,
below.Magmatism of this period (Fig. 9) may re ect a single
LIP that extended over a wide area from the western shores
of Hudson Bay to Lake Athabasca and, moreover, included
ultrapotassic and potassic volcanic rocks and dykes, as well
as diabase dyke swarms.

Laurentia

Ca. 1.83 to 1.82 Ga Sparrow and Uranium City 

diabase dyke swarms

Sparrow diabase dykes form a broad southeast-trending
swarm in the region south of the Taltson magmatic zone
(Fig. 9) and have been dated at 1827 ± 4 Ma (U-Pb baddeley-
ite; Bostock and van Breemen, 1992). A slightly younger age
of 1818 ± 4 Ma (U-Pb baddeleyite; Morelli et al., 2009) was
obtained for east- to southeast-trending Uranium City dia-
base dykes (Fig. 9) immediately north of Lake Athabasca.
Based on geochemistry and  eld relationships, UraniumCity
dykes are interpreted to feed undated Martin group ma c
volcanic rocks and sills of the same region (Fig. 9; Morelli
et al., 2009). Morelli et al. (2009) and Ashton et al. (2009)
interpreted emplacement of Uranium City dykes as related
to compression associated with the Hudsonian Orogeny. On
the other hand, Ernst and Bleeker (2010) suggested possible
plume involvement based on a weak radiating pattern in the
combined Sparrow–Uranium City dyke geometry.
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Ca. 1.83 Ga Christopher Island formation 

ultrapotassic and potassic volcanic rocks and dykes

Christopher Island formation ultrapotassic and potassic
volcanic rocks (Fig. 9) occur in the Baker Lake Group of the
Dubawnt Supergroup in the Baker Lake rift basin. An age of
1833 ± 3 Ma (U-Pb zircon; Rainbird et al., 2006) obtained
from a  ow near the base of the Baker Lake Group is inter-
preted to date initiation of the Baker Lake Basin, which may
have formed in response to tectonic escape accompanying
the Hudsonian Orogeny (Rainbird et al., 2006). Ultrapotassic
and potassic (minette) dykes, which are compositionally
identical to the volcanic rocks, occur widely, both within
and outside the basin (Fig. 9). Dykes of similar composi-
tion are also found in the vicinity of Martin group volcanic
rocks, north of Lake Athabasca (Fig. 9; Ashton et al., 2009),
and are interpreted as part of the same suite (Ashton et al.,
2018). Cousens et al. (2001), in a geochemical study carried
out prior to the realization that the Rae–Hearne boundary
is south rather than north of the Chester eld Block, argued
that the Christopher Island rocks were emplaced from an
Archean lithospheric mantle source that extended beneath
both the Rae and Hearne cratons, suggesting that the Rae
and Hearne cratons have been together since the Archean.
Berman et al. (2007) have pointed out, however, that this
argument no longer holds, as Christopher Island volcanic
rocks and almost all of the minette dykes are now thought
to lie within the Rae Craton, given the revised Rae–Hearne
boundary.

Ca. 1.85 to 1.80 Ga Hudson suite granites

Hudson suite granites are distributed over an enor-
mous region in the Hearne and Rae cratons of the Churchill
Province (Fig. 9). They have been dated at ca. 1.85 to

1.80 Ga, with the peak of emplacement at 1.83 Ga (U-Pb;
van Breemen et al., 2005). As in the case of the coeval
Christopher Island formation volcanic rocks, the Hudson
granites are interpreted to have been emplaced during exten-
sion associated with the Hudsonian Orogeny (Peterson et al.,
2015a; Ashton et al., 2018).

Paleomagnetism and testing continental

reconstructions (ca. 1.83–1.82 Ga)

Buchan (2014) carried out a detailed comparison of 1.83
to 1.27 Ga paleomagnetic poles for Laurentia and Baltica
(or the cratonic blocks that amalgamated to form them by
ca. 1.80 and 1.75 Ga, respectively). The data yielded a
unique reconstruction throughout this period, with north-
ern Norway and the Kola Peninsula of Baltica adjacent to
northeastern Greenland of Laurentia (Fig. 5, 6 in Buchan,
2014). As Laurentia was still in the process of assembling
until ca. 1.80 Ga and Baltica (consisting of Fennoscandia
and the Volgo-Sarmatia cratonic block) was still assembling
until ca. 1.75 Ga, the reconstruction at ca. 1.83 Ga only
applies to northern Laurentia and Fennoscandia, and the
reconstruction at 1.78 to 1.74 Ga only applies to Laurentia
and Fennoscandia. The paleopoles that were used in the 1.65
to 1.27 Ga interval are from precisely dated units that have
been demonstrated to retain primary remanent magnetiza-
tions. Therefore, the Laurentia–Baltica reconstruction in this
interval is considered to be rigorous. On the other hand, sev-
eral paleopoles in the earlier portion of the period, including
the paleopole from the 1.83 Ga Sparrow dykes, are from
precisely dated units, but have yet to be demonstrated pri-
mary. Therefore, the validity of the reconstruction as early
as 1.83 Ga remains to be fully tested.

Figure 9.     
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Ca. 1.77 to 1.73 Ga events

This period is marked by the emplacement of the wide-
spread Kivalliq igneous suite in the Churchill Province as
well as the intrusion of diabase dyke swarms in theWopmay
Orogen and on Victoria Island (Fig. 10).

Laurentia

Ca. 1.77 to 1.73 Ga Kivalliq igneous suite

The extensive Kivalliq (formerly Nueltin) igneous suite
(Peterson et al., 2015a) intrudes the amalgamated Hearne and
Rae cratons of the Churchill Province (Fig. 10). It includes
Nueltin granite intrusions dated at ca. 1765 to 1740 Ma (U-Pb
zircon; van Breemen et al., 2005); various gabbro and anor-
thosite intrusions; the Mallery granite-gabbro complex with
gabbro dated at 1769 ± 6 Ma (U-Pb baddeleyite; Peterson
et al., 2015b); rhyolite and basalt of the Pitz Formation of
the middle Dubawnt Supergroup (Wharton Group) dated at
1758 to 1753 Ma (U-Pb zircon; Rainbird and Davis, 2007);
the 1754 ± 1 Ma McRae Lake diabase dyke swarm (U-Pb
baddeleyite; Peterson et al., 2015b); and perhaps the undated

Amer and Thelon River diabase dykes swarms. There is a
change in magma composition from alkaline to subalkaline
over a period of approximately 15 Ma (Peterson et al., 2015b).
This anorogenic igneous event occurred near the centre of the
Nuna (Columbia) supercontinent (Peterson et al., 2015a) and
may have a mantle plume origin (Ernst et al., 2016).

The McRae Lake dykes form a narrow, slightly arcuate
swarm, with a north-northeast trend in the south, a northeast
trend in the north, and a length of about 160 km (Fig. 10;
Buchan and Ernst, 2013; Fig. 3 in Peterson et al., 2015a). The
most prominent dyke in the swarm is 27 km long and up to
1.8 km wide; it intrudes volcanic rocks of the Pitz Formation
(Peterson et al., 2015a). Peterson et al. (2015a) interpreted
the north-trending Amer and the east-northeast-trending
Thelon River dyke swarms (Fig. 10; Fig. 3 in Peterson et al.,
2015a) as part of the Kivalliq igneous suite, although they
have yet to be dated.

Ca. 1.75 to 1.74 Ga dykes on Victoria Island

The east-trending Hadley Bay dyke of northern Victoria
Island (Fig. 10) is dated at ca. 1747 Ma (U-Pb baddeley-
ite; L.M. Heaman in LeCheminant et al., 1996b). Farther

Figure 10.             
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south on Victoria Island (Fig. 10), in the northern part of
the Wellington Inlier, east-southeast- to southeast-trending 

dykes are interpreted to be coeval with the Hadley Bay
dyke (Rainbird and LeCheminant, 2002). This interpre-
tation has been con rmed by a U-Pb baddeleyite age of
1743.5 ± 0.8 Ma (M.A. Hamilton, pers. comm., 2019) on an
east-southeast-trending dyke. The overall trends of the dyke
swarms on Victoria Island are not well constrained as they
are mainly based on the trends of individual dated dykes.

Ca. 1.74 Ga Cleaver dyke swarm

The 1740 +5/–4 Ma Cleaver dykes (U-Pb baddeleyite;
Irving et al., 2004) form a wide, east-southeast-trending
swarm in the Great Bear magmatic zone and Hottah terrane
(Fig. 10).

The various 1.77 to 1.73 Ga magmatic events in north-
ern Canada could form a single plume-generated LIP (Ernst
and Buchan, 2004; Ernst et al., 2016). Furthermore, these
events could be linked to the coeval Timpton giant radiat-
ing dyke swarm of Siberia dated at 1758 to 1752 Ma (U-Pb
baddeleyite and Ar-Ar; Ernst et al., 2016), in a north-
ern Laurentia–Siberia con guration that may have lasted
between ca. 1.90 and 0.72 Ga, as discussed above. Given the
large geographic extent of the 1.77 to 1.73 Ga magmatism,
however, it is possible that it represents two or more separate, 
but coeval events.

Paleomagnetism and testing continental

reconstructions (ca. 1.77–1.73 Ga)

Primary paleomagnetic results have been reported from
the 1.74 Ga Cleaver dykes (Irving et al., 2004), as well
as for 1.76 to 1.75 Ga Pitz Formation volcanic rocks and
1.75 Ga McRae Lake dykes (Raub, 2008). These data pro-
vide reliable paleopoles for the late Paleoproterozoic APWP
for Laurentia. The Cleaver paleopole was used in the 1.83
to 1.27 Ga reconstruction of Laurentia–Baltica (Buchan,
2014) discussed in ‘Paleomagnetism and testing continental 
reconstructions (ca. 1.83–1.82 Ga)’, above.

Ca. 1.71 to 1.59 Ga events

Between ca. 1.71 and ca. 1.59 Ga, several distinct
and geographically restricted magmatic events occurred
in northern Laurentia or in the exotic Bonnetia terrane,
which is thought to have been located o  the northwestern
Laurentia margin (Fig. 11). Events at ca. 1.60 to 1.59 Ga in 

the Wopmay Orogen and western Cordillera may be associ-
ated with a single mantle plume and LIP.

Bonnetia terrane

Ca. 1.71 Ga Bonnet Plume River intrusions

The 1714 to 1706 Ma Bonnet Plume River diorite and
gabbro intrusions (U-Pb zircon; Thorkelson et al., 2001a)
survive only as megaclasts within ca. 1.60 Ga Wernecke
breccia in theWernecke, Ogilvie, and Richardson mountains
of the western Cordillera (Fig. 11). Along with megaclasts
of the undated Slab volcanic rocks (Furlanetto et al., 2013)
and Devil volcanic rocks (Thorkelson and Laughton, 2016)
that are also preserved in Wernecke breccia, they have been
interpreted to have been emplaced in an exotic terrane called
Bonnetia (Thorkelson and Laughton, 2016). Bonnetia is
thought to be a volcanic arc, possibly originating on the
Australian plate, which was obducted on top of theWernecke
Supergroup on the northwestern margin of Laurentia after
Australia collided with northwestern Laurentia, prior to
formation of the Wernecke breccia (Furlanetto et al., 2016;
Thorkelson and Laughton, 2016).

Laurentia

Ca. 1.70 Ga Pelly Bay dyke swarm

The east-trending Pelly Bay dyke swarm, dated at 
ca. 1.70 Ga (Bleeker and Ernst, 2011), is located at the base
of the Boothia Peninsula (Fig. 11; Ryan et al., 2008). It is little
studied, and its overall extent and setting are not yet known.

Ca. 1.66 Ga Narakay volcanic complex

The bimodal Narakay volcanic complex (Fig. 11) is
located in the Hornby Bay Basin and comprises  ows
and associated pyroclastic rocks of ma c and felsic com-
position (Ross, 1986). A rhyolite porphyry has been dated
at 1663 ± 8 Ma (U-Pb zircon; Bowring and Ross, 1985).
Emplacement occurred during the Forward Orogeny (Cook
and MacLean, 1995).

Ca. 1.60 to 1.59 Ga Wernecke breccia

Wernecke breccia of the Wernecke, Ogilvie, and
Richardson mountains of the western Cordillera (Fig. 11)
are dated at 1599 to 1595 Ma (U-Pb zircon; Thorkelson
et al., 2001b; Furlanetto et al., 2013). They are approxi-
mately coeval with the ca. 1.59 Ga Olympic Dam breccia
and ca. 1.59 Ga Gawler Range volcanic rocks in the Gawler
Craton ofAustralia. Thorkelson et al. (2001b) suggested that
together, the Wernecke and Olympic Dam breccia form a
plume-related hydrothermal province in a reconstruction
of the Gawler Craton with northwestern Laurentia. They
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are also coeval with the Western Channel diabase of the
Great Bear magmatic zone and the Mammoth dykes of the
Wyoming Craton, as noted below.

Ca. 1.59 Ga Western Channel diabase intrusions

Western Channel diabase sills and dykes (Fig. 11),
located along the eastern shores of Great Bear Lake in the
Great Bear magmatic zone and Hornby Bay Basin, are
dated at 1592 to 1590 Ma (U-Pb baddeleyite; Hamilton and
Buchan, 2010; Rogers et al., 2018). Thus, they are coeval
with the Wernecke breccia in the western Cordillera as well
as the Gawler Range volcanic rocks and Olympic Dam brec-
cia of the Gawler Craton of Australia. They are also coeval
with the 1590 ± 5 Ma Mammoth dykes (U-Pb baddeleyite;
Rogers et al., 2018) located about 2000 km to the south, in
the Tobacco Root Mountains of the Wyoming Craton of
Laurentia.

The Wernecke breccia of the northern Cordillera, the
Olympic Dam breccia and associated Gawler Range volca-
nic rocks of Australia, the Western Channel diabase of the
Great Bear magmatic zone, and the Mammoth dykes of the
Wyoming Craton may all be part of a single plume-related
LIP event (Thorkelson et al., 2001b; Hamilton and Buchan,
2010; Rogers et al., 2018).

Paleomagnetism and testing continental

reconstructions (ca. 1.71–1.59 Ga)

A paleomagnetic pole is available for the Western
Channel diabase (Irving et al., 1972), and is interpreted to be
primary (see summary in Hamilton and Buchan, 2010). The
pole provides a key constraint for the Laurentia APWP at the
Paleoproterozoic–Mesoproterozoic boundary (Hamilton and
Buchan, 2010; Buchan, 2014). The Western Channel paleo-
pole was used in the reconstruction of Laurentia–Baltica in
the 1.83 to 1.27 Ga period (Buchan, 2014) discussed above.

Hamilton and Buchan (2010) compared the Western
Channel diabase paleopole with a preliminary paleopole
from the coeval Gawler Range volcanic rocks (Chamalaun
and Dempsey, 1978). The age of the Gawler Range volca-
nic rocks paleopole, however, is controversial (Schmidt and
Clark, 1992, 2011; Wingate and Evans, 2003). A negative
paleomagnetic fold test (Schmidt and Clark 1992, 2011)
indicated that the Gawler Range volcanic rocks acquired
remanent magnetism after folding. Schmidt and Clark
(2011) concluded that the remanence was acquired long after
emplacement of the volcanic rocks, probably during the
Devonian. If so, a comparison between the Gawler Range
and Western Channel poles is not valid. On the other hand,
Wingate and Evans (2003) concluded that folding occurred
during emplacement of the volcanic rocks, and that the  ows
may have been magnetized immediately after folding as

Figure 11.               

               

              See  
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they cooled or were overprinted by later  ows. In this case,
the Gawler Range pole would be essentially primary, and a
comparison of theWestern Channel and Gawler Range poles
would support a paleocontinental reconstruction (Fig. 10 in 

Hamilton and Buchan, 2010), in which the Gawler Craton
was adjacent to northwestern Laurentia at 1.6 Ga, a sce-
nario broadly similar to the reconstruction proposed by
Thorkelson et al. (2001b). Furlanetto et al. (2016) have pro-
posed another reconstruction, in which the Gawler Craton
is located approximately 1500 km further south along the
western Laurentia margin than proposed by Thorkelson et al.
(2001b) and Hamilton and Buchan (2010).

Paleomagnetic data are also available for the Mammoth
dykes of the Tobacco Root Mountains (Harlan et al., 2008;
cf. reinterpretation in Rogers et al., 2018). They yielded a
paleopole that di ers signi cantly from that of the Western
Channel diabase, which Rogers et al. (2018) suggested may
be due to block rotation and/or tilting in the Tobacco Root
Mountains, magnetic overprinting in the Tobacco Root
Mountains, or a failure to fully average out paleosecular
variation in one or both of the data sets. Given the potential
complications presented by the data from the Tobacco Root
Mountains, the paleopole from the Western Channel diabase
should be considered as the most reliable.

Poorly dated and undated events

The dyke swarm and magmatic events discussed above
are mostly well dated. In addition, there are many undated or
poorly dated magmatic units. Examples include the Beechey,
Aylmer, and Hood River dykes of the Slave Craton; Tyrrell
Arm dykes of the Rae Craton; Kekertaluk dykes of the Rae
Craton and Meta Incognita terrane (see Buchan and Ernst,
2013); Milt intrusive sheets of the southern Slave (see 

Buchan et al., 2010); and numerous volcanic packages in
cratonic or passive margin sedimentary successions across
the Churchill Province (see Rainbird et al., 2010).

Precisely dating such units is important for the under-
standing of the tectonic history of northern Canada in the
Paleoproterozoic. This will allow them to be properly
assigned to speci c magmatic episodes, matched to coeval
extensional or breakup events, and compared with coeval
magmatism elsewhere.

SUMMARY

Numerous giant ma c dyke swarms and other magmatic
units related to LIPs were emplaced in northern Canada
during the Paleoproterozoic, especially after 2.3 Ga. Many
of these magmatic events have been precisely dated using
the U-Pb method on zircon or baddeleyite, although oth-
ers remain poorly dated. Those with reliable ages can often
be matched with coeval magmatism elsewhere in northern
Canada, elsewhere in North America or on other continents.
Such matches have proven to be helpful in identifying the

overall geographic extent of individual LIP events and in
reconstructing paleocontinents. In addition, comparing LIP
magmatic barcodes from di erent cratonic blocks is useful
in establishing the time intervals over which the blocks were
near neighbours.

Paleomagnetism is another tool critical for determining or
assessing paleocontinental reconstructions. Paleomagnetic
poles for LIP events are of particular importance in such
studies because ma c intrusions typically carry very stable,
primary magnetic remanences and can be precisely dated.
So far, reliable paleomagnetic poles have been obtained
for only a few of the LIP events in northern Canada. The
studies that are available, however, are providing important
information on reconstructions and on the relative drift of
cratonic blocks.

The tectonic setting of many of the LIP events in northern
Canada is still controversial. Nevertheless, several events
appear to be linked to episodes of extension that led to either
continental breakup or failed rifting. More detailed study
is needed to help resolve key questions concerning: 1) the 
makeup and timing of breakup of the ancestral supercratons
from which the Slave, Rae, and Hearne cratons as well as the
Meta Incognita terrane were derived; 2) the nature and tim-
ing of the amalgamation of the Slave and Rae cratons; 3) the
timing of the assembly of the Rae and Hearne cratons; and
4) the nature and timing of the multiple phases of rifting that
occurred along the western Slave Craton margin.
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Abstract: This contribution examines the current state of knowledge regarding the postmetamorphic 

cooling of most Archean to Paleoproterozoic tectonic elements of the northern Canadian Shield. This was 

achieved by building an extensive data set of over 2000 combined K-Ar and 40Ar/39Ar cooling ages. The 

Churchill Province (amalgamated Rae and Hearne cratons) shows a general west to east cooling pattern 

illustrated by two large-scale thermochronological pro les.

Résumé : Cette contribution se penche sur l’état actuel des connaissances relatives au refroidisse-

ment postmétamorphique de la plupart des éléments tectoniques s’échelonnant de l’Archéen au  

Paléoprotérozoïque, dans la partie nord du Bouclier canadien. Pour ce faire, nous avons constitué un 

ensemble exhaustif de données comprenant plus de 2000 âges de refroidissement K-Ar et 40Ar/39Ar 

combinés. La Province de Churchill (assemblage formé des cratons de Rae et de Hearne) a che une

tendance générale du refroidissement variant d’ouest en est qui est illustrée à l’aide de deux pro ls 

thermochronologiques à grande échelle.
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This contribution summarizes a paper published as an

invited review in Precambrian Research (Kellett et al.,

2020), which examines the current state of knowledge

regarding the postmetamorphic cooling of most Archean to

Paleoproterozoic tectonic elements of the northern Canadian

Shield. This was achieved by building an extensive data set

of over 2000 combined K-Ar and 40Ar/39Ar cooling ages,

the latter of which were in part collected during the Geo-

mapping for Energy andMinerals program of the Geological

Survey of Canada.

The northern Canadian Shield is the product of a series

of collision and accretion events between Archean cratons

and intervening Paleoproterozoic elements, which culmi-

nated in the Trans-Hudson Orogeny and assembly of the

Canadian component of supercontinent Nuna at ca. 1.8 Ga.

The cooling-age data set reveals a stark contrast between

the metamorphic and cooling histories of the Archean ter-

ranes involved in these collisions. The Churchill Province

is inferred to have occupied an upper-plate setting during

much of the Paleoproterozoic, based on its record of mag-

matism, and structural and thermal reworking, in contrast

to the lack of these features in the bounding Superior and

Slave cratons.

The Churchill Province (amalgamated Rae and Hearne

cratons) shows a general west to east cooling pattern de ned

by hornblende, biotite, and muscovite K-Ar and 40Ar/39Ar

ages representing rock cooling between approximately 500

and 290°C. This pattern is illustrated by two large-scale ther-

mochronological pro les: the southern pro le extends from

the Slave Craton through the Taltson magmatic zone, south-

ern Rae craton, Snowbird tectonic zone, Reindeer zone, and

into the Superior Province; the northern one extends from

the Slave Craton through the Thelon tectonic zone, northern

Rae Craton, Meta Incognita microcontinent of Ba n Island,

Cape Smith belt, and into the Superior Province (Fig. 1, 2).

Both pro les reveal an asymmetric trough pattern within

Churchill Province rocks, with youngest (ca. 1.7 Ga) cooling

ages centred within or adjacent to the Trans-Hudson Orogen

(Reindeer zone, Meta Incognita microcontinent, and Cape

Smith belt), and oldest cooling ages located at or near the

westernmost edges of the Churchill Province (ca. 1.9 Ga and 

older outliers). In the west, particularly in the southern Rae

Craton, cooling-age distributions correspond to fault-bound

structural domains (Fig. 2a), whereas in the east, within

the Trans-Hudson Orogen, cooling ages are more uniform

across domains (Fig. 2). The youngest cooling ages in the

northern pro le are 50 Ma younger (ca. 1.650 Ga) than in

the south (ca. 1.700 Ga), indicating diachronicity in the

postcollisional thermal equilibration and exhumation of

Trans-Hudson Orogen rocks.

The domainal contrasts in cooling history in the southern

Rae Craton suggest that domain-bounding shear zones did not

anneal at depth, but remained active and localized brittle faults

as the regionexhumed into theuppercrust. Someof these struc-

tures are associated with major unconformity-related uranium

deposits. Thus, cooling-history maps such as those presented

in the review paper (Kellett et al., 2020) may be useful in tar-

geting fault networks with potential for brittle reactivation and

unconformity-related uranium mineralization.

Following the terminal Trans-Hudson collision between

the Churchill and Superior provinces, parts of the Churchill

Province may have undergone lithospheric delamination,

as indicated by widespread rapakivi granite (e.g. Peterson

et al., 2002). Regional progressive cooling at a fairly high

rate (mean of ~4°C/Ma) within a relatively short time inter-

val (ca. 100 Ma) may also be an indication of widespread

exhumation in response to delamination. The Churchill

Province subsequently behaved as a stable continental mass.

Although it has been involved in subsequent collisions as

part of the Nuna supercontinent (e.g. Grenville Orogen), it

occupied a lower-plate position during these. The contrast

in cooling history of the generally upper-plate Churchill

Province compared to the generally lower-plate Superior and

Slave cratons, and the behaviour of Churchill province when

in an upper-plate versus lower-plate position, suggest that

the upper plate during a Wilson cycle is intensely thermally

conditioned via heat,  uids, and magma generated during

subduction tectonics and accretion events in comparison to

the lower plate.

The database compiled as a result of this work could be

used in the future and augmented with new data to assess:

 • The structural and di erential mesoscale cooling and/or

exhumation history of western and northern Churchill

Province, particularly during theTrans-Hudson Orogeny;

this would involve more detailed mapping, structural

analysis, and geo- and thermochronology of and across

late Paleoproterozoic structures, to determine their 

kinematics and timing.

 • The relationships between structurally controlled exhu-

mation and unconformity-related uranium mineralization;

this work would include a comparison between compre-

hensively documented regional exhumation histories of

structurally controlled domains such as those identi ed in

the southern Rae Craton and the timing of unconformity-

related uranium mineralization.

 • The behaviour of radiogenic Ar in slowly cooled old

rocks, through comparison of modelled closure tempera-

tures for di erent minerals and di erent decay systems.

Muscovite cooling ages in the northern Canadian Shield

are not systematically older than biotite cooling ages,

even when they are expected to be so (e.g. muscovite

growth is thought to have predated metamorphic cool-

ing). Furthermore, the e ect of very slow, long-term

cooling on Ar systematics would bene t from cross-

comparison studies between the K-Ar system and other

thermochronometers in the same rocks (e.g. mica Rb-Sr,

apatite U-Pb).
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Figure 2.     40Ar/39Ar data) across the northern Canadian Shield (modi ed

from   al. (2020) from a) south of 60°N (A-A, B-B) and b) north of 60°N (C-C, D-D, E-E, F-F). Locations 

                   

tectonic zone, NA = Narsajuaq arc, CSB = Cape Smith belt, S = Superior, THO = Trans-Hudson Orogen.
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and Minerals program, (ed.) S.J. Pehrsson, N. Wodicka, N. Rogers, and J.A. Percival; Geological Survey 
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Abstract: The ca. 1.75 to 1.27 Ga Hornby Bay intracontinental basin, in northwestern Canada, includes 
the Big Bear, Mountain Lake, and Dismal Lakes groups. This paper investigates the original deposi-
tional environments, paleogeography, and architecture of these groups and how they correlate in time and 
space. The Big Bear group comprises mainly immature clastic rocks deposited by high-energy rivers, the  
overlying Mountain Lake group was deposited by westerly  owing rivers over a much broader region,
and, following tectonic uplift and erosion, basal clastic rocks of the Dismal Lakes Group were deposited 
in  uvial and then shallow-marine to paralic environments. Detrital zircon geochronology of sandstone
units from the Mountain Lake group of Hornby Bay Basin and Wernecke Supergroup in the Wernecke 
Mountains supports their correlation and the conclusion that they represent the terrestrial and marine com-
ponents, respectively, of a west-facing, passive-margin clastic wedge that evolved to a stable carbonate 
platform. These relationships imply further westward extension of a continental drainage system.

Résumé : Le bassin intracontinental de Hornby Bay, dans le nord-ouest du Canada, qui s’étend de 
1,75 à 1,27 Ga environ, renferme les groupes de Big Bear, de Mountain Lake et de Dismal Lakes. Le 
présent article porte sur les milieux de dépôt originaux, la paléogéographie et l’architecture de ces 
groupes et leurs corrélations dans le temps et l’espace. Le groupe de Big Bear se compose principale-
ment de roches détritiques immatures déposées par des rivières à forte énergie. Au-dessus, le groupe 
de Mountain Lake a été déposé par des rivières s’écoulant vers l’ouest sur une région beaucoup plus 
vaste. À la suite d’un soulèvement tectonique et de l’érosion, les roches détritiques de la base du Groupe 
de Dismal Lakes ont été déposées dans des milieux  uviaux, puis, plus tard, dans des milieux marins
peu profonds à paraliques. La géochronologie sur zircon détritique des unités gréseuses du groupe de
Mountain Lake du bassin de Hornby Bay et de celles du Supergroupe de Wernecke dans les monts 
Wernecke con rme leur corrélation et la conclusion qu’elles représentent respectivement les compo-
santes terrestres et marines d’un prisme détritique de marge passive à regard ouest qui a évolué en une 
plate-forme carbonatée stable. Ces relations impliquent un prolongement plus étendu vers l’ouest d’un 
système hydrographique d’ampleur continentale.
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The following is a summary of a published, peer-reviewed
article on the geology of the late Paleoproterozoic to early
Mesoproterozoic Hornby Bay Basin and interpreting its 
detrital zircon U-Pb geochronology (Rainbird and Davis,
2022).

The ca. 1.75 to 1.27 Ga Hornby Bay intracontinental
basin, exposed in northwestern Canada, northeast of Great
Bear Lake, includes the Big Bear, Mountain Lake, and Dismal
Lakes groups. The Big Bear group (new name proposed in
Rainbird and Davis, 2022) comprises mainly immature,
coarse-grained, clastic rocks deposited by high-energy riv-
ers in restricted fault-bounded basins (e.g. Big Bear Basin;
Fig. 1), similar to rifts underlying the Thelon and Athabasca
basins. These basins formed during late-stage assembly of
supercontinent Nuna and were precursors to broader, regional
subsidence that generated the overlying basins. Detrital zir-
con analysis of the Big Bear group suggests provenance from
a combination of local sources, including the underlying

Great Bear magmatic zone, Akaitcho Group, Hepburn Lake
Intrusive Suite, and Hottah terrane, but also via recycling of
potentially underlying or nearby sedimentary rocks such as the
Epworth Group, which were originally derived from sources 
farther east, such as the Thelon tectonic zone (Fig. 1).

Comparedwith theBigBeargroup, theoverlyingMountain 
Lake group (new name proposed in Rainbird and Davis,
2022) was deposited in a broader (Hornby Bay) basin with
less evidence for syndepositional faulting, suggesting ther-
mal subsidence. The basal Lady Nye formation is thicker
and composed of lithologically homogeneous braided river
deposits, with regionally consistent west-directed paleocur-
rents, characteristics that allow its correlation with strata to
the east, such as the Thelon Formation in Thelon Basin and
the Manitou Falls Formation in the Athabasca Basin (Hahn
et al., 2013). The present authors therefore consider the Lady
Nye formation to be a component of an Amazon River–scale
braided  uvial system that originated in the foreland of the

Figure 1. Generalized geology of study region (modi ed from Wheeler et al., 1996) to show location of potential 

sources of detrital sediments discussed in text. Arrows depict inferred paleotransport directions of rivers that 

brought detritus to the Hornby Bay and Elu basins, their size re ecting relative strength of contribution from the

source region.
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Trans-Hudson Orogen (Rainbird and Young, 2009), although
it does not carry much of the typical 1.9 to 1.8 Ga (Hudsonian)
detrital zircon signature observed in these correlative units,
including the present authors’ sample of the Ellice Formation
from theWellington Inlier onVictoria Island (Fig. 1).TheLady
Nye formation instead displays a strong signature from rocks
of the western Rae Province, Queen Maud Block, and Thelon
tectonic zone, mainly derived from recycling of strata from
the proximal Coronation Supergroup (Akaitcho, Epworth,
and Recluse groups of the Asiak and Tree River belts) and
the more distal and correlative Goulburn Supergroup (Bear
Creek and Bathurst groups) of Kilohigok Basin (Fig. 1). The
Hf isotopic composition of detrital zircon rules out potential
sources of 2.3 to 2.5 Ga detrital zircon to the south, such as the
Hottah terrane. Overlying strata of the East River and Kaertok
formations provide evidence of marine reworking of Lady
Nye formation and Big Bear group rocks and syndepositional
volcanism at ca. 1660 Ma.

Following a period of uplift and erosion (Racklan–
Forward Orogeny), basal clastic strata of the Dismal Lakes
Group were deposited in  uvial and then shallow-marine to
paralic environments. Detrital zircon age pro les from these
strata are accentuated by prominent late Archean peaks
demonstrating provenance from adjacent rocks of the Slave
Craton and recycling of the Mountain Lake group. Clastic
in ux to the basin abated for an extended period until minor
amounts of siliciclastic material were introduced during
deposition of the upper Dismal Lakes Group. These rocks
contain detrital zircon the ages of which mimic those of
samples from the Lady Nye formation, suggesting further
recycling.

Detrital zircon geochronology of sandstone units from the
Mountain Lake group of Hornby Bay Basin and Wernecke
Supergroup in the Wernecke Mountains supports their corre-
lation and the conclusion that they represent the terrestrial and
marine components, respectively, of a west-facing, passive- 
margin clastic wedge that evolved to a stable carbonate plat-
form. Speci cally, the present authors equate the Fairchild
and lower Quartet groups of the Wernecke Mountains
(sequence A2a) with the Lady Nye formation in the Hornby
Bay Basin, and the upper Quartet Group and Gillespie
Lake Group with the East River and Kaertok formations
(sequence A2b). Sequence A2b also displays similar prov-
enance to the Muskwa assemblage, located further southward

along the western margin of Laurentia, which is interpreted as
a west-facing, mixed carbonate-siliciclastic ramp. Correlation
of sequence A2 is further reinforced by Nd and C isotopes
from corresponding shale and carbonate units, respectively.
These relationships imply further westward extension of the
continental drainage system described above. Elements of
this system have been identi ed from inliers in northeastern
Australia, which was attached to northwestern Laurentia prior
to the breakup of supercontinent Nuna.
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