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Abstract

The Fury and Hecla Group is a Mesoproterozoic sedimentary succession exposed on northern Baffin Island and northern

Melville Peninsula, Nunavut. Part of the Bylot basins, the Fury and Hecla Basin comprises sedimentary and mafic

assemblages, and nonconformably overlies Archean to late Paleoproterozoic basement rocks of the Rae craton. Sandstone

attributed to a predominantly marine depositional setting forms most of the Fury and Hecla Group, with minor fine-grained

siliciclastic rocks, and local carbonate rocks, basalt and eolian sandstone. Three sandstone-dominated formations in the

Fury and Hecla Group are the focus of this study, through which the authors aim to determine the depositional environment.

Through field analyses, the sandstone-dominated units indicate that most of the deposition took place in a shoreface setting.

The Nyeboe Formation contains terrestrial, nearshore clastic and nearshore mixed clastic-carbonate depositional

lithofacies, with most strata recording shoreface settings. The Sikosak Bay Formation contains one facies that records

shoreface deposition. The Whyte Inlet Formation contains shoreface facies and minor proximal-fluvial facies. Deciphering

the influence of relative sea-level change, variable subsidence rate and sediment supply is important to understanding the

Fury and Hecla Basin, a well-preserved Precambrian basin associated with supercontinent assembly and breakup.

Résumé

Le Groupe de Fury and Hecla est une séquence sédimentaire d'âge mésoprotérozoïque qui affleure à la fois dans la région

nord de l'île de Baffin que dans celle de la presqu'île Melville, au Nunavut. Ce bassin, qui fait partie des bassins de Bylot, se

compose d'assemblages de roches sédimentaires et mafiques reposant en discordance sur les roches du socle rocheux d'âge

archéen à paléoprotérozoïque tardif du craton de Rae. Le Groupe de Fury and Hecla est surtout constitué de grès provenant

d'un milieu sédimentaire de type essentiellement marin, qu'accompagne une petite quantité de roches silicoclastiques à

grain fin ainsi que, par endroits, des roches carbonatées, du basalte et du grès éolien. Par le biais de la présente étude, qui

porte sur trois formations appartenant au Groupe de Fury and Hecla, les auteurs tentent d'identifier le milieu de sédiment-

ation comme tel. Les analyses effectuées sur le terrain des unités dans lesquelles prédomine le grès ont révélé que la

sédimentation a eu lieu presqu'entièrement en milieu d'avant-plage. La Formation de Nyeboe présente des lithofaciès de

type terrestre, de type littoral à assemblage de roches clastiques et de type littoral à assemblage mixte de roches clastiques et

carbonatées; la plupart des strates témoignent de la présence de milieux de sédimentation d'avant-plage. La Formation de

Sikosak Bay renferme un faciès qui présente les caractéristiques d'une sédimentation en milieu d'avant-plage. La Formation

de Whyte Inlet renferme pour sa part des faciès d'avant-plage ainsi que des faciès fluviaux proximaux moins importants. La

détermination de l'influence exercée par le changement relatif du niveau marin, le taux de subsidence variable et

l'approvisionnement en sédiments joue un rôle important dans la compréhension de l'origine du bassin de Fury and Hecla,
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reconnu pour être un exemple bien conservé d'un bassin précambrien associé aux événements ayant contribués à

l'assemblage et à la dislocation d'un supercontinent.

Introduction

The Mesoproterozoic basin system collectively known as

the Bylot basins is composed of unmetamorphosed, weakly

deformed supracrustal rocks—for the most part sedimen-

tary—exposed in the Canadian Arctic Archipelago and

northwestern Greenland (Figures 1, 2; Jackson and

Iannelli, 1981; Turner et al., 2016). This basin system com-

prises the Hunting-Aston Basin, exposed on Prince of

Wales Island and northernmost Somerset Island (Tuke et

al., 1966; Mayr et al., 2004); the Borden Basin on Baffin Is-

land and Bylot Island (Jackson and Iannelli, 1981; Turner et

al., 2016); the Fury and Hecla Basin, exposed on Baffin Is-

land and northern Melville Peninsula (Chandler, 1988);

and the Thule Basin of southwestern Greenland (Jackson,

1986; Dawes, 1997). The maximum depositional age for

the basins is ca. 1270 Ma, which is the age of the Mackenzie

dyke swarm (LeCheminant and Heaman, 1989). The

depositional age from shale units in the Borden Basin is ca.

1070 Ma (Turner and Kamber, 2012; Gibson et al., 2017).

The Bylot basins are thought to record the final stages of

convergence and amalgamation of the supercontinent

Rodinia (Cawood et al., 2007; Pehrsson et al., 2016). In this

context, this basin system was originally interpreted as a set

of fault-bounded aulacogens (Jackson and Iannelli, 1981).

In recent time, the Bylot basins were interpreted as

impactogens from far-field stresses due to the assembly of

the supercontinent Rodinia (Turner et al., 2016). As dis-

cussed in Greenman et al. (2018), this span of geological

time is receiving increased interest because it contains criti-

cal evidence for the evolution of early eukaryotes and at-

mospheric oxygen (Butterfield, 2000; Knoll et al., 2013;

Cole et al., 2016; Gibson et al., 2017; Rainbird et al., 2017;

Loron et al., 2018). Most of the sedimentological work in

the area has focused on the exceptionally well-exposed

Borden Basin (Turner, 2009; Turner, 2011; Long and

Turner, 2012; Turner and Kamber, 2012; Hahn et al., 2015),

whereas underexplored regions such as the Fury and Hecla

Basin have received less attention.

Early work by Blackadar (1958, 1963, 1970) and Black-

adar and Lemon (1963) in the Fury and Hecla Basin area

provided a foundation of geological mapping and strati-

graphic subdivision. Additional fieldwork in the 1980s

(Chandler et al., 1980; Chandler and Stevens, 1981; Jack-

son and Iannelli, 1981; Chandler, 1988) built on the early

geological mapping work and provided a more thorough

stratigraphic framework that is currently accepted. Jackson

and Iannelli (1981), LeCheminant and Heaman (1989) and

Heaman et al. (1992) proposed correlations between the

mafic rocks exposed in the Fury and Hecla Basin to the

south and west in the Canadian Arctic Archipelago and on

the mainland, constraining the age of the Fury and Hecla

Basin between the 1.27 Ga Mackenzie igneous event and

the 723 Ma Franklin igneous event. More recent fieldwork

in the early 2000s focused on selected exposures in the east-

ern and southern Fury and Hecla Basin (Long and Turner,

2012; Long, 2017).

The Fury and Hecla Geoscience Project employs geologists

with diverse skills and backgrounds to improve the map-

ping, geological understanding and understanding the eco-

nomic potential of the area from 2018 to 2020 (Figure 1;

Steenkamp et al., 2018). Within this project, a significant

component is dedicated to

• the stratigraphic and sedimentological refinement of the

sedimentary succession known as the Fury and Hecla

Group, which is exposed in the area;

• the investigation of Mesoproterozoic micropaleonto-

logical assemblages therein;

• the establishment of solid geochronological constraints

on basin initiation and evolution; and

• the characterization of sedimentary provenance in the

Fury and Hecla Group based on detrital zircon geo-

chronology.

In this paper, the authors present the preliminary results of

stratigraphic and sedimentological fieldwork conducted on

the Baffin Island side of the Fury and Hecla Basin and fo-

cuses on the sedimentary facies recognized in three sand-

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



Regional geology

The Fury and Hecla Basin is an area of sedimentary rocks

and interlayered mafic volcanic rocks exposed along the

seaboard and inland of Fury and Hecla Strait, which sepa-

rates Baffin Island to the north from Melville Peninsula to

the south (Figure 2a). The minimum extent of the basin,

based on currently mapped outcrops, is at least 140 km east-

west by 75 km north-south. Although the Fury and Hecla Ba-

sin is geographically centred on 69°52’N, 84°10’W, the

best exposures are north of Fury and Hecla Strait (Fig-

ure 2b).

The Fury and Hecla Group nonconformably overlies an

Archean to late Paleoproterozoic basement composed of

granitoid gneiss, mafic intrusions and minor metasedi-

mentary panels (Bovingdon et al., 2018). Basement rocks

are part of the Committee Bay block of the Rae craton

(Pehrsson et al., 2013). The Rae craton preserves a complex

history of Archean terrane assemblages, early Paleoprot-

erozoic orogenesis (Berman et al., 2013), and middle

Paleoproterozoic extension and basin development (Ernst

and Buchan, 2001; Rainbird et al., 2010). Overlying depos-

its of the Fury and Hecla Group compose a gently deformed

monocline that dips 15–20º to the south, crosscut by multi-

ple arrays of faults with east to south-southeast trends. The

succession consists predominantly of sandstone with sub-

ordinate conglomerate, red to black shale and dolostone

(Chandler, 1988; Long and Turner, 2012). The Fury and

Hecla Group reaches a maximum estimated thickness of

6 km (Figure 3; Chandler, 1988), although many of its for-

mations display lateral thickness variations and true

thicknesses are difficult to ascertain.

Methods

Base camp for all fieldwork was operational from July 14th

to August 15th, 2018 and was supplied by bush plane and

helicopter from Igloolik. The camp was located on the

Gifford River, approximately 100 km inland from Fury and

Hecla Strait. Daily traverses were supported by helicopter

drop off and pick up. In the field, grain size, sorting, colour

and compositional and textural maturity were recorded for

selected units. At outcrop scale, the geometry, stratigraphic

position and thickness were recorded. Paleocurrent indica-

tors were also documented on sedimentary structures ex-

posed in three dimensions. General field facies analysis

was conducted following Collinson et al. (2006). A hand-

held gamma-ray mass spectrometer was used to assess total

abundance of U, K and Th near the unconformity between

basement rocks and overlying strata. Throughout the field

season, rock samples were collected for later petrographic,

geochemical and geochronological analyses.

Results

Stratigraphic descriptions

Results of field mapping agree with the subdivision of for-

mations of the Fury and Hecla Group defined by Chandler

(1988): the Nyeboe, Hansen, Sikosak Bay, Agu Bay, Whyte

Inlet and Autridge formations (Figure 3). The Nyeboe For-

mation is up to 500 m thick and consists of basal immature

conglomerate and breccia passing upward into red, me-

dium-grained arkose and subarkose, displaying an overall

fining-upward trend (Figure 3a). Red siltstone and fine-

grained sandstone with recessive weathering are present at
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Figure 2: Geological sketches showing a) the regional distribution of the Bylot basins, and b) most of the Fury and Hecla Basin (modified
after Chandler, 1988). Note that basin outliers farther to the east and on Melville Peninsula are not included in the sketch.



stratigraphic intervals of approximately 50–100 m. The

formation also contains basalt flows exposed in the western

part of the basin (each up to 10 m thick, with well-devel-

oped amygdules, columnar jointing and local pillow forms;

Figure 3b), minor bedsets of quartz arenite and a 40 m thick

succession of mixed clastic-carbonate deposits that pinches

out eastward. Sedimentary facies recognized in the Nyeboe

Formation are described below.

The Hansen Formation consists of an eastward-thinning

mafic volcanic unit with well-developed columnar jointing

(Figure 3c). This unit displays variable stratigraphic rela-

tionships with adjoining formations: in the western part of

the study area, it separates the Nyeboe and Sikosak Bay for-

mations, whereas in the centre of the study area it maps be-

tween the Sikosak Bay and Agu Bay formations; it is absent

in the east (Figure 2). Although Chandler (1988) suggested

that the formation represents a subaerial flow (based on a

high Fe(III)/Fe(II) ratio), the heterogeneous stratigraphic

relationships documented suggest a postdepositional ori-

gin (i.e., a dyke or shallow sill). More detailed discussions

of the Hansen Formation are found in F. Dufour et al. (work

in progress) and Greenman et al. (2018).

The Sikosak Bay Formation is up to 150 m thick and con-

sists entirely of white quartz arenite (Figure 3d). Sedimen-

tary facies in the Sikosak Bay Formation are detailed be-

low. The Agu Bay Formation comprises basal local metre-

scale stromatolitic bioherms (dolomite member), black

shale (~75 m thick; black shale member) and up to 500 m of

red siltstone with interbedded sandstone (redbed member;

Figure 3e). A detailed description of the Agu Bay Forma-

tion is found in Greenman et al. (2018). The Whyte Inlet

Formation is a white to pink quartzarenite-dominated suc-

cession up to 3 km thick (Figure 3f) that thins westward

(Figure 2). Thin granule- to pebble-grade pavement recurs

in the stratigraphy every 5–10 m, and conglomerates and

intraformational breccia are also present. The latter are

common in the easternmost study area, where the Whyte

Inlet Formation directly overlies basement rocks (Figure 2;

Long, 2017). Sedimentary facies recognized in the Whyte

Inlet Formation are detailed below. The Autridge Forma-

tion is composed of two members: the lower Mikkelsen

member consists of a 1.5 km thick succession of quartz

arenite with minor shale; the upper Cape Appel member

consists of a 500 m thick succession of dark shale with mi-

nor quartz arenite (Figure 3g). The Autridge Formation is

exposed only in the western study area and is inferred to

pinch out in the centre of the basin (Chandler, 1988). A

detailed description of the Autridge Formation is presented

in Greenman et al. (2018).

Facies of the Nyeboe, Sikosak Bay and Whyte
Inlet formations

The Nyeboe Formation contains eight lithofacies: con-

glomerate and breccia, planar-stratified sandstone, cross-

stratified sandstone, hummocky cross-stratified sandstone,

planar-stratified heterolithic beds, pin-stripe–laminated

sandstone, planar-bedded dolostone and sandstone, and ba-

salt flows. Conglomerate and breccia (Figure 4a) have ei-

ther a monomictic quartz-pebble framework with fine-

grained sandy matrix (at the formation’s base), or

polymictic associations of sandstone and quartz pebble to

boulder conglomerate with a medium-grained sandy matrix

(in the middle of the formation). Polymictic breccia locally

overlies the basal nonconformity and is composed of

granitoid, iron-formation and aphanitic-mafic clasts in a

silty matrix. Planar-stratified (Figure 4b), cross-stratified

(Figure 4c) and hummocky cross-stratified sandstones

(Figure 4d) form the bulk of the Nyeboe Formation and

consist of quartz arenite that is locally micaceous. Strata are

commonly bounded by wave ripples and are locally orga-

nized into large foreset bars. Stratigraphically, these facies

overlie basal conglomerates and breccia in the east, and di-

rectly above the basal nonconformity in the west-central

study area. Planar-stratified heterolithic beds are composed

of mudstone and fine-grained sandstone at various inter-

vals in the succession. Desiccation cracks, mottling and

blocky weathering are present in some exposures (Fig-

ure 4e). Pin-stripe–laminated sandstone occupies the lower

to middle stratigraphic level of the formation in the central

study area. This facies is organized into <2 m thick

crossbeds with lamination defined by millimetre-scale

grain-size segregation. Sandstone lamination displays tan-

gential bottom sets and is characterized by a higher

compositional and textural maturity than other sandstone

facies (Figure 4f). Small evaporite pseudomorphs are also

present along the bottomsets of this facies. Planar-bedded

dolostone and sandstone is defined by decimetre thick al-

ternation of dolomite-cemented siliciclastic beds and

microbially laminated dolostone. Siliciclastic beds exhibit

planar lamination or herringbone crosslaminated sets. Co-

lumnar stromatolites with decimetre-scale synoptic relief

are locally preserved in places (Figure 4g). This facies is

best developed in the central basin area and pinches out to

the east. The Nyeboe Formation also contains rare basalt

flows that appear to pinch out eastward. The basalt flows

contain amygdules and pillow structures (Figure 4h).

The Sikosak Bay Formation is characterized by planar-

stratified sandstone. This facies consists of medium- to

coarse-grained, texturally mature quartz arenite (Figure 5a)

organized in beds bounded by wave ripples. Bedsets of pla-

nar-stratified sandstone are generally horizontal, although

a large foreset bar is present in the centre of the exposure

area. The Whyte Inlet Formation contains five facies:

intraformational breccia, wave-rippled sandstone, cross-

stratified sandstone, planar-stratified sandstone and planar-

stratified granule-stone. Intraformational breccia was ob-

served and documented at only one location, where the

Whyte Inlet Formation nonconformably overlies basement
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rocks in the east. These coarse-grained facies are described

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

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

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

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

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

All the sandstone facies are repeated at approximately 10 m

intervals by a pavement (<2 cm thick) of rounded granule-

stone composed of well-rounded quartz and lithic clasts.

Discussion and conclusions

Depositional environments

Lithofacies interpretation of the Nyeboe, Sikosak Bay and

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



Clifton (2006), Collinson et al. (2006) and Mountney

(2006). Three main depositional environments are re-

corded in the Nyeboe Formation: terrestrial, clastic-domi-

nated near-shore marine and clastic-carbonate near-shore

marine. Episodes of subaqueous volcanism, recorded by

pillow-structured basalt, also took place during sedimenta-

tion. Basal gravel-dominated units, and possibly part of the

micaceous crossbedded sandstone, represent a scree-slope

(breccia) to alluvial-fluvial (conglomerate and sandstone)

depositional setting, which existed in the early depositional
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Figure 4: Outcrops of Nyeboe Formation facies: a) quartz-pebble conglomerate; b) planar-stratified sandstone; c) cross-stratified sand-
stone (exhibiting planar cross sets; compass is ~10 cm long); d) hummocky cross-stratified sandstone; e) planar-stratified heterolithic beds
(pencil is ~15 cm long); f) pin-stripe–laminated sandstone (field notebook is ~20 cm long); g) planar-stratified sandstone and stromatolitic
dolostone; h) detail of a basalt flow.



phases of the Nyeboe Formation. When resting directly

above the basal nonconformity, these deposits may repre-

sent the infill of small incised valleys; this inference is sup-

ported by the poor sorting and limited along-strike extent of

these deposits, although no significant basement topogra-

phy was documented. Most of the Nyeboe Formation is

composed of lithofacies that point to constant wave agita-

tion (wave ripples, hummocky forms) and prolonged sedi-

ment reworking that accounts for the textural and mineral-

ogical maturity of quartz arenite facies (planar-stratified

sandstone, cross-stratified sandstone and hummocky

cross-stratified sandstone). These features are consistent

with a wave-dominated clastic shelf and more specifically

an upper to intermediate shoreface setting. Large foreset

bars therein indicate the accretion and migration of

nearshore-marine sand waves, possibly stressed by long-

shore-drift currents. Minor finer-grained units (planar-

stratified heterolithic beds) may indicate either temporary

flooding and deposition below the storm-wave base or

emergence and incipient pedogenesis in backshore to la-

goon settings (based on mottling and desiccation cracks).

In backshore settings, pin-stripe–laminated sandstone can

indicate the growth and migration of small eolian dunes

that are protected from storm activity. Finally, the establish-

ment of a mixed clastic-carbonate, intertidal and wave-in-

fluenced marine setting is recorded by the planar-stratified

sandstone and dolostone, which contains small stromato-

lites and herringbone cross-stratified sets. This facies

indicates that, at times, the basin was subject to sea-level

rise. The stratigraphic and geographic proximity to eolian

deposits floored by evaporite pseudomorph layers may

indicate a protected sub-environment that allowed for the

local establishment of carbonate facies.

The Sikosak Bay Formation is compositionally and textur-

ally very mature, and its unvaried sedimentology—defined

by planar quartz arenite beds with ubiquitous wave rip-

ples—points to a long-lived marine shoreface setting. As in

the Nyeboe Formation, large foreset bars are related to the

growth and migration of longshore sand waves.

A terrestrial, probably proximal fluvial, depositional set-

ting is recorded by the intraformational breccia draping the

basement nonconformity in the easternmost exposures of

the Whyte Inlet Formation, consistent with the evidence re-

ported by Long and Turner (2012) and Long (2017). The

bulk of the Whyte Inlet Formation consists of interbedded

facies that indicate deposition in a shallow clastic shelf

(wave-rippled sandstone, cross-stratified sandstone and

planar-stratified sandstone). Repeated planar-stratified

granule-stone is interpreted to represent storm events, in

which sand-grained fractions are entrained and transported

and granules are concentrated as floor lags.
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Figure 5: Outcrops of the a) Sikosak Bay and b–d) Whyte Inlet formations: a) planar-stratified sandstone with undulatory (wave ripple)
forms (satellite messenger is ~15 cm long); b) wave-rippled sandstone (lens cap is ~5 cm across); c) cross-stratified sandstone (lens cap is
~5 cm across); d) planar-stratified sandstone (pencil is ~15 cm long).



Future research

The sandstone-dominated formations of the Fury and

Hecla Group record a predominantly shallow-marine ba-

sin. Although most of the sandy lithofacies record

shoreface settings, episodic deposition in coastal to off-

shore-transition settings is also documented, pointing to

fluctuations in relative sea level. The investigation of the

relationships between such fluctuations and patterns of

subsidence versus sediment supply will be performed

through refining the stratigraphy, and through the compari-

son with similar stratigraphic intervals in the southern part

of the Fury and Hecla Basin. The greatest variability in

depositional environments is in the Nyeboe Formation,

which will be the subject of a more detailed facies analysis.

Finally, once a refined geochronological and sedimentary-

provenance framework is achieved for the study area, com-

parison and correlation with the stratigraphy of other Bylot

basins will be attempted.

Economic considerations

Many Proterozoic sedimentary basins and underlying ter-

ranes in the Canadian Shield have been the focus of the-

matic work aimed to map the distribution of uranium anom-

alies (Hiatt et al., 2010; Long and Turner, 2012; Ootes et al.,

2013; Ielpi et al., 2016, 2017a, b), in an attempt to establish

correlations among basins with demonstrated uranium re-

sources (Jefferson et al., 2007). Gamma-ray spectrometric

analyses were performed in summer 2018 at selected loca-

tions, and all returned background values of radiation. Mi-

nor uranium mineralization was reported by Chandler

(1988) near the basal nonconformity flooring the Fury and

Hecla Basin, and in fault-contained quartz stockwork.
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