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Abstract
Banded iron formation (BIF)–hosted gold is a highly sought-after gold deposit type due to its potential for high-grade and
high-tonnage deposits, and prospect of a long mine life. All three regions of Nunavut (i.e., Kivalliq, Kitikmeot and
Qikiqtaaluk) host such deposit types. In this paper, seven of Nunavut’s mines and exploration properties are briefly reviewed, including: Agnico Eagle Mines Limited’s Meadowbank complex (Portage, Goose and Amaruq deposits) and the
Meliadine mine district (Kivalliq Region); Fury Gold Mines Limited’s Three Bluffs project, Mandalay Resources Corporation’s Lupin former mine and Sabina Gold and Silver Corporation’s Back River project (Kitikmeot Region); and ValOre
Metals Corporation’s Baffin Gold project (Qikiqtaaluk Region). In studying BIF-hosted gold deposits in Nunavut, recurring characteristics emerge that can be very useful for future exploration. These include a thick BIF unit (oxide and silicate
facies, at least decametres in thickness); strong deformation and dominant structural controls on ore (faults and folds);
greenschist- to amphibolite-facies metamorphism; and a sulphide-mineral assemblage dominated by pyrrhotite, with possible arsenopyrite±loellingite and lesser chalcopyrite and pyrite along quartz-carbonate veins and/or as stratabound replacements. The Precambrian rocks of Nunavut are very prospective but remain underexplored despite recent major discoveries;
hence the need for detailed regional surveys to assist in better assessing the potential of this vast territory. During the 2019
fieldwork for the Fury and Hecla Geoscience Project led by the Canada-Nunavut Geoscience Office, a previously unknown,
deformed BIF unit of significant thickness and lateral extent was discovered. In this paper, preliminary field observations,
petrography and geochemistry of this BIF unit are presented. Although this work is preliminary, further exploration of this
BIF may be warranted.

Introduction
Banded iron formation (BIF) represents one of many rock
types that are common in Archean to early Proterozoic
greenstone belts across Nunavut (Berman, 2010). This formation is characterized as laminated sedimentary rock that
contains at least 15 wt. % Fe and is commonly present
among deformed volcanic and clastic sedimentary successions (James, 1954). Banded iron formation is classified
genetically as one of two types: either Algoma type, formed
from the local deposition of iron-rich sediment from submarine hydrothermal vents, or Superior type, formed in a
shelf environment from the deposition of iron-rich chemical muds (Cloud, 1973). In addition, BIF is classified descriptively as one of oxide, sulphide, carbonate or silicate
facies based on the dominance of magnetite/hematite, FeCu-Zn-Pb sulphide, carbonate minerals (e.g., dolomite, ankerite, siderite) or Fe-Mg-Mn bearing silicate minerals,
respectively (James, 1954).

Banded iron formation is a highly sought-after target for
gold exploration because of its potential to host high-grade,
large-tonnage deposits. Gold preferentially concentrates in
BIF because of its affinity to trap gold (structurally and
chemically) from migrating gold-bearing hydrothermal
fluids of metamorphic origin (Phillips and Powell, 2010).
In addition, BIF units can be very thick and laterally extensive with the Superior type generally being much more voluminous than the Algoma type (James, 1954), and its layered texture, contrasted rheology and ability to easily
deform create favourable pathways, in which hydrothermal
fluids can circulate and deposit gold. There are two subtypes of BIF-hosted gold deposits based on empirical features: 1) large deposits where the ore is entirely hosted in
the BIF (typically Algoma type) and which tend to have a
subtle alteration footprint; and 2) deposits that are only partially hosted in the BIF (Dubé and Mercier-Langevin,
2015), and which generally have the large iron carbonatesericite alteration footprint of typical quartz-carbonate
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orogenic gold systems. The Homestake deposit in South
Dakota, one of the largest gold deposits of the world with
over 1130 t Au (40 million oz.), produced at an average
grade of 8.4 g/t between 1876 and 2002 (Morelli et al.,
2010; Bell, 2013) and is the archetype of BIF-hosted gold
deposits.
Although none as large as Homestake, Nunavut also hosts
numerous highly economical BIF-hosted gold deposits of
both types (Figure 1); the largest are located in the central
Kivalliq Region of Nunavut, near the communities of
Rankin Inlet and Baker Lake. Agnico Eagle Mines Limited
owns two mining complexes: 1) Meadowbank produced
over 90 t Au (3.3 million oz.) from the Portage, Goose and
Vault deposits between 2010 and 2019, and now gets ore
from the Amaruq deposit (discovered in 2013) with an estimated 77 t Au (2.7 million oz.) in open pit and 16 t Au
(0.6 million oz.) underground (Agnico Eagle Mines Limited, 2020a); and 2) Meliadine, where production from the
Tiriganiaq deposit began in 2019, with an estimated mine
life of 12 years and gold reserves of over 130 t Au (4.7 million oz.) in the Meliadine district (Agnico Eagle Mines
Limited, 2020b). In the Kitikmeot Region of Nunavut, the
BIF-hosted gold deposits include: 1) the Lupin former mine
located in the northern Slave Province, currently owned by
Mandalay Resources Corporation, which produced approximately 95 t Au (3.4 million oz.) between 1982 and
2005 (Crown-Indigenous Relations and Northern Affairs

Canada, 2019); 2) the Back River project, a planned gold
mine approximately 520 km northeast of Yellowknife
(Northwest Territories) owned by Sabina Gold and Silver
Corporation (Sabina Gold and Silver Corporation, 2020),
which, although it has not started production, contains an
estimated 182 t Au (6.4 million oz.) in the Goose and
George deposits combined (Crown-Indigenous Relations
and Northern Affairs Canada, 2019); and 3) the Three
Bluffs deposit located in the Committee Bay greenstone
belt in eastern Kitikmeot. Three Bluffs is owned by Fury
Gold Mines Limited and has an indicated resource total of
15 t Au (0.52 million oz.) and an inferred total of 20 t Au
(0.72 million oz.; Fury Gold Mines Limited, 2020). In the
Qikiqtaaluk Region, there are no developed BIF-hosted
gold deposits; however, BIF-hosted gold was discovered
by Commander Resources Limited on central Baffin Island
in 2001 within silicate- and sulphide-facies iron formation.
Today, ValOre Metals Corporation owns the gold property;
although the resource is not yet fully defined, approximately four prospects have been delineated, with over
$25 million worth of work conducted by ValOre Metals and
previous owners (Crown-Indigenous Relations and Northern Affairs Canada, 2019).
The Canada-Nunavut Geoscience Office (CNGO) conducted fieldwork in 2018 and 2019 on northwestern Baffin
Island, within the Qikiqtaaluk Region. Fieldwork was part
of the Fury and Hecla Geoscience Project, which was a

Figure 1: Generalized geology of Nunavut with locations of BIF-hosted gold properties indicated by the black dots (modified from Wheeler
et al., 1996). The three regions of the territory (Kitikmeot, Kivalliq and Qikiqtaaluk) are separated by solid black lines. The major geological
cratons are separated by dotted lines (i.e., the Slave craton in the west, where Lupin and Back River are located; the Rae craton (central)
that hosts the Three Bluffs, Amaruq, Meadowbank and Baffin Gold properties; and the Hearne craton, where the Meliadine complex is located).

2

Canada-Nunavut Geoscience Office

joint endeavour between the CNGO, Crown-Indigenous
Northern Affairs Canada and Canadian universities. A
magnetic geophysical survey was flown over the project
area in 2017 and again in 2019. This survey effectively
completed coverage of one of the last remaining areas in
Nunavut without regional-scale magnetic data. The data
collected in 2019 revealed a highly contrasting magnetic
anomaly (residual total field) approximately 3 by 15 km in
size, which was identified as BIF on the ground. Although
the BIF was not studied in detail due to the regional nature
of the mapping project, it demonstrated prospective
characteristics for gold.
In this paper, a summary of the current knowledge of the
major BIF-hosted gold deposits in Nunavut is presented,
largely based on work by the Geological Survey of Canada
(GSC) and its collaborators from industry and academia. In
addition, new petrographic and geochemical data of the
new prospective BIF discovered as part of the Fury and
Hecla project led by the CNGO on northwestern Baffin
Island are presented.

BIF-hosted gold in the Kivalliq, Kitikmeot
and Qikiqtaaluk regions
The BIF-hosted gold deposits throughout Nunavut have
been, and are still being, studied to various degrees by different groups. The information presented below is from this
research and is all publicly available. A summary is presented for each deposit, with a focus on the most relevant
features in each case. This section is organized into three
parts by region and further subdivided to describe each
mine or project within that region, starting with geological
setting. Generally, each mine or exploration project is described by location with property or target names, economic values, geochronological aspects and mineralization
style, with structural controls and geochemistry (when
applicable), respectively.

Kivalliq Region
Geological setting of the Woodburn Lake and
Rankin Inlet Archean greenstone belts
The Kivalliq Region is located in central Nunavut within
the western Churchill Province. Specifically, the region is
divided into the Rae craton, the Hearne craton and the
Chesterfield block (Hoffman, 1988). Regional sutures such
as the Snowbird Tectonic Zone separate these domains
(Berman et al., 2007). It is widely recognized that crustalscale sutures such as these are conduits from the mid-to upper crust, by which gold can be transported and deposited to
form syndeformation orogenic gold deposits (Pehrsson et
al., 2014). Orogenic gold deposits are generally formed a
few tens of millions of years after hostrock formation
(Goldfarb et al., 2004). However, based on available geochronology, some orogenic gold deposits in the western
Churchill Province (e.g., Meadowbank and Meliadine) are
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even magnitudes of years younger than their hostrocks (i.e.,
up to one billion years) and were deposited during the superimposition of major Paleoproterozoic orogenesis (cf.
the Paleoproterozoic gold metallotect in Carpenter et al.,
2005) such as the Trans-Hudson (Pehrsson et al., 2013;
Janvier et al., 2015; Lawley et al., 2016).
The Meadowbank and Amaruq deposits of the Meadowbank complex are located north of Baker Lake (Figure 1), in
the Woodburn Lake greenstone belt of the Rae craton
(Sherlock et al., 2004; Pehrsson et al., 2013; Valette et al.,
2018). The mineralized zones are within the Woodburn
Lake group (ca. 2.71 Ga), which is characterized by komatiitic and tholeiitic mafic metavolcanic rocks, with associated intermediate tuffs and flows intercalated with iron formation, and wacke to mudstone (Pehrsson et al., 2013;
Jefferson et al., 2015). The Meliadine mine (Figure 1) is located near the community of Rankin Inlet, in the Rankin Inlet greenstone belt (RIGB; >2.66 Ga), which follows the inferred boundary between the Hearne craton and the
Chesterfield block (Lawley et al., 2015a, b, 2016). The
RIGB comprises two distinct volcanic assemblages, a
lower and an upper assemblage, that are separated by discontinuous conglomerate (£2.15 Ga; Davis et al., 2008).
These assemblages predominantly encompass mafic volcanic rocks interbedded with siliciclastic and carbonate sedimentary rocks, including oxide-facies BIF (Lawley et al.,
2016). The crustal-scale Pyke Fault crosscuts the RIGB and
hosts numerous gold deposits and prospects (Carpenter and
Duke, 2004).
Meadowbank mine
The Meadowbank mine encompasses the Portage, Goose
and Vault deposits, from which a total of 92.7 t Au (3.3 million oz.) has been produced from 2010 to 2019 (CrownIndigenous Relations and Northern Affairs Canada, 2019).
The Portage and Goose zones are hosted in thick magnetite
and chert BIF, and lesser volcaniclastic units, whereas the
Vault zone, 7 km to the north, is mostly hosted in sheared intermediate volcaniclastic rocks. The Portage and Goose
zones are hosted in the central BIF, whereas otherwise similar BIF units to the east and west are barren. Careful geological mapping, core logging and U-Pb zircon ages indicate
that the central BIF is located along a structural boundary
that separates two distinct lithological domains that are
aged ca. 2717 Ga and ca. 2711 Ga, possibly a key controlling factor in gold endowment (Janvier et al., 2015). The
property has two main mineralization styles: one that contains the bulk of the gold and is dominated by pyrrhotite and
largely associated with the magnetite and chert layers in the
BIF (Figure 2a, b); and the other, which is hosted in quartzpyrrhotite-pyrite veins in volcanoclastic units in proximity
to the BIF’s pyrrhotite-rich zones (Janvier et al., 2015). The
mineralized Algoma-type, oxide-facies BIF is polydeformed and metamorphosed at greenschist to amphibolite
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Figure 2: a) Mineralized, thinly bedded magnetite-chert iron formation of the Portage pit at the Meadowbank mine. Pyrrhotite replacement
is better developed along deformed magnetite layers and locally associated with irregular quartz veining or ‘silica-flooding’. b) View looking
northwest of the northern end of the Portage open pit at the Meadowbank mine, showing the folded and sheared BIF (dark grey) in contact
with intermediate volcaniclastic units to the right and with ultramafic rocks (dark green) structurally overlain (left) by quartzite (yellowish
unit).

facies (Sherlock et al., 2004; Pehrsson et al., 2013). Gold is
associated with pyrrhotite±pyrite that replace magnetite
layers, with secondary chalcopyrite and very local arsenopyrite. Grunerite is common in chert bands along with
chlorite alteration. Elements, including As, S, Cu, Pb, Ni,
Co and Te, are anomalous in gold-bearing BIF, whereas Ca
is leached (Janvier et al., 2015). Janvier et al. (2015) suggested that gold was introduced and structurally controlled
by D1 faults and was overprinted and partly remobilized by
D2 deformation along shear zones and F2 fold limbs. Goldbearing BIF is texturally disaggregated with fragmented,
folded and transposed chert and magnetite layers in highstrain zones.

neous with early to syn-D2 deformation. Overall, at Amaruq, orebodies are present along shallow, east-plunging
(20o) ore shoots that are subparallel to collinear F2 and F3
fold axes, and L2-3 intersection lineation. Geochemical
analysis of the host units, stratigraphic correlations, deformation and metamorphism, and geochronology (U-Pb, ReOs and Ar/Ar) are currently the subjects of a major research
activity at the GSC (Targeted Geoscience Initiative-5, Gold
Project; Mercier-Langevin et al., 2020), which also includes the funding of a doctoral thesis (cf. Valette et al.,
2020).

Amaruq property

The Meliadine mine encompasses seven deposits, the largest known and only one currently being mined is the
Tiriganiaq zone. The other deposits include Wolf North,
Discovery, F Zone, Pump, Wolf Main, Wesmeg and
Normeg. All deposits are associated with the Pyke Fault
and occur within 5 km of the Tiriganiaq deposit, except for
the Discovery deposit located at a distance of 17 km away.
The Meliadine district is estimated to have a 12-year mine
life with gold reserves of 132.39 t Au (4.67 million oz.;
Agnico Eagle Mines Limited, 2020b). The Tiriganiaq deposit is hosted in a turbidite and BIF sequence along a westtrending splay of the Pyke Fault (Lower fault). The results
of U-Pb radiometric dating conducted on a sensitive highresolution ion microprobe (SHRIMP) suggest that the
Tiriganiaq hanging wall and footwall are the same age
(£2.66 Ga; Lawley et al., 2016). At the Tiriganiaq deposit,
mineralization resides in large fault-fill veins and associated
extension veins (i.e., lodes), with arsenopyrite replacement of
magnetite-rich layers in folded BIF along vein selvages (Figure 3b; Carpenter et al., 2005; Lawley et al., 2015a, b, 2016;
St. Pierre et al., 2020). The highest gold grades are present
where folded BIF is cut by quartz (±ankerite) vein networks

The Amaruq property comprises the Whale Tail and IVR
deposits totalling an estimated 172.93 t Au (6.1 million oz.), including precommercial production, reserves
and resources (Valette et al., 2020). Both the Whale Tail and
IVR BIFs are Algoma type, silicate facies, polydeformed
and hosted in a mafic to ultramafic sliver intercalated with
thin chert and argillite. This sliver is bounded both to the
south and north by £2.65 Ga greywacke (Pehrsson et al.,
2013; Valette et al., 2020). Whale Tail and IVR have distinct mineralization styles. The Whale Tail deposit is characterized by pyrrhotite-rich and arsenopyrite (±loellingite)
stratabound replacement zones with silica flooding and
veining in the silicate-facies BIF, chert, and along contacts
with mafic–ultramafic rocks in F2 fold hinges and high
strain zones (Figure 3a; Valette et al., 2020). Gold was exsolved from loellingite during retrograde metamorphism
(Mercier-Langevin et al., 2018; Lauzon et al., 2020). In
contrast, gold from the IVR orebody is associated with sulphide-poor quartz veins in the volcanosedimentary package, whereby gold placement is interpreted as contempora-
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Figure 3: Field photographs showing a) thinly-bedded chert and silicified siltstone with stratabound arsenopyrite (Apy) replacement, locally
weathered to pyrite (Py), and dismembered quartz veins with fracture-controlled pyrrhotite remobilization in the Whale Tail open pit at the
Amaruq mine (mechanical pencil for scale); b) heavily mineralized sample from the laminated, quartz-ankerite shear vein referred to as the
‘1000 lode’ of the Tiriganiaq deposit at the Meliadine mine, consisting of a grey quartz vein with pyrrhotite and coarse-grained arsenopyrite
in a siltstone unit; c) discovery outcrop at Three Bluffs, heavily weathered, nearly vertical and folded chert and magnetite bedding (marker
for scale circled in white, photo courtesy of Crown-Indigenous Relations and Northern Affairs Canada); d) close-up view of a mineralized,
thinly bedded magnetite-chert iron formation at the Lupin deposit, with the sample showing finely disseminated pyrrhotite (Po) and large arsenopyrite in a partly silicified BIF unit; e) mineralized BIF interval from the Umwelt zone in the Vault area at the George property of the Back
River deposit, with strongly deformed silicified sulphide-facies iron formation and (amphibole-rich and chert layers) cut by diffuse quartz
veins or ‘silica flooding’ associated with stratabound to discordant coarse-grained arsenopyrite and fine-grained pyrrhotite replacement;
f) mineralized drillcore from the Kanosak prospect, Baffin Gold project (photo courtesy of Crown-Indigenous Relations and Northern Affairs
Canada).
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(Lawley et al., 2016; St. Pierre et al., 2020). The U-Pb ages
of monazite and xenotime and Re-Os ages of arsenopyrite
suggest a protracted ore-forming history, with part of the
gold perhaps as old as 2.3 Ga and some related to the TransHudson Orogen at ca. 1.85 Ga (Carpenter et al., 2005; Lawley et al., 2016).

Kitikmeot Region
Geological setting of the Committee Bay Belt and
the Slave structural province
The Kitikmeot Region of Nunavut spans the Rae craton and
Slave structural province (SSP). The Three Bluffs deposit
occurs in the Rae craton of eastern Kitikmeot Region (Figure 1); the Lupin and Back River deposits are in the SSP of
western Kitikmeot Region.
The Three Bluffs deposit is located approximately 200 km
southwest of Kugaaruk and 350 km northeast of Baker
Lake (Figure 1). Although previously believed to be hosted
in the Prince Albert Group, as part of the Committee Bay
Belt (Skulski et al., 2003; Davies et al., 2011), recent findings indicate the Prince Albert Group and Committee Bay
Belt are not correlated (Wodicka et al., 2011; Corrigan et
al., 2013). Thus, the Three Bluffs deposit is now considered
to be hosted in the south-central supracrustal domain of the
Committee Bay Belt, specifically in the Three Bluffs
supracrustal strand (Sanborn-Barrie et al., 2014). The
south-central supracrustal domain comprises semipelite,
psammite and secondary quartzite, with a thick unit of
mafic and ultramafic metavolcanic rocks (MacHattie,
2002, 2008) intercalated with felsic metavolcanic rocks.
Oxide-, silicate- and sulphide-facies iron formation occur
as discontinuous layers up to 50 m in thickness that are
interstratified with komatiite (Sanborn-Barrie et al., 2014).
The SSP, where the Lupin and Back River deposits are located (Figure 1), is an Archean granite-greenstone metasedimentary terrane spanning the area between Great Slave
Lake and the Coronation Gulf. The SSP borders the Thelon
Orogen (ca. 2020–1910 Ma) to the east and the Wopmay
Orogen (ca. 1950–1840 Ma) to the west (Hoffman, 1988;
Hoffman and Hall, 1993; Sherlock et al., 2012). Two types
of iron formation have been identified throughout the SSP
and classified as amphibolitic iron formation, consisting of
quartz+grunerite+hornblende+graphite±garnet+ilmenite±pyrrhotite±pyrite±chalcopyrite, or pelitic iron formation, consisting of quartz+garnet+biotite+cummingtonitegrunerite+hornblende+ilmenite (Ford, 1988). The Lupin
former mine is located 400 km northeast of Yellowknife in
the central SSP of Nunavut, where ore is hosted in amphibolitic iron formation. It lies within an Archean metaturbidite and iron formation sequence comprising the Contwoyto Formation as part of the Yellowknife Supergroup
(Geusebroek and Duke, 2005). The Back River project is
located 520 km northeast of Yellowknife, also in the central
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SSP of Nunavut. Specifically, it lies within the Beechey
Lake Group, which onlaps the Back River volcanic complex (2708.5 ±0.8 Ma; Villeneuve et al., 2001), also part of
the Yellowknife Supergroup (Henderson, 1970). The
Beechey Lake Group comprises oxide- and silicate-facies
BIF, with interbedded turbidite, greywacke and mudstone
(Crown-Indigenous Relations and Northern Affairs
Canada, 2019).
Three Bluffs project
The Three Bluffs deposit (Figure 3c) is currently in the exploration stages along many promising drill targets named
Inuk, West Plains, Raven, Shamrock and Aiviq (Fury Gold
Mines Limited, 2020). The highest-grade intercept was
found in the Raven target with 36.22 g/t Au over 2.43 m.
The Three Bluffs deposit has an indicated resource total of
contained gold of 14.86 t Au (0.52 million oz.) and an inferred total of 20.41 t Au (0.72 million oz.) as of 2017 (Fury
Gold Mines Limited, 2020). Results of SHRIMP U-Pb zircon dating of a conformable dacite and a crosscutting diorite intrusion suggest a ca. 2.7 Ga depositional age for the
Beechey Lake Group. In contrast, timing of gold endowment is placed at ca. 1815 Ma using U-Pb monazite methods, Re-Os of arsenopyrite, and Pb-Pb secondary errorchron age for pyrite and arsenopyrite (Davies et al., 2011).
Thus, it was found that gold predates the high-grade metamorphism in the area (upper-amphibolite facies). This is
consistent with the timing of gold emplacement at the
Meliadine mine, suggesting a regional gold-emplacement
event during the Trans-Hudson orogeny (1.86–1.85 Ga;
Lawley et al., 2015a). In Three Bluffs, gold is associated
with sulphide replacement of iron formation and is best developed in F2 fold hinges, and to a lesser extent along fold
limbs. More specifically, the highest grades are associated
with silica-rich flooding (ubiquitous quartz veinlets) and
muscovite-rich (altered) intervals in the sulphide-facies
BIF. Sulphide assemblages are mainly pyrrhotite, with
lesser pyrite, arsenopyrite and chalcopyrite (Davies et al.,
2011).
Lupin former mine
The Lupin former mine consists of the Lupin dome, and the
McPherson M1 and M2 ore zones. The mine was in production from 1982 to 2004, except for re-engineering periods
in 1998 and 1999, and intermittently between care and
maintenance from 2004, until its definitive closure and
remediation in 2013 (Crown-Indigenous Relations and
Northern Affairs Canada, 2019). Approximately 91.29 t of
Au (3.22 million oz.) were produced at the mine between
1982 and 2004 (Geusebroek and Duke, 2005; Harron,
2012). The supracrustal host sequence has not been dated,
but it is assumed to be ca. 2700–2660 Ma based on regional
crosscutting relationships. Timing of gold emplacement remains undated despite a recent tentative Re-Os study of arsenopyrite (R. Creaser, pers. comm., 2019) but is consid-
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ered as Archean based on regional constraints on the
controlling structures. Research has focused on structural,
geochemical and sulphide distribution aspects. The Lupin
orebody is controlled by a domical structure, where gold resides in the western, central and eastern limbs of a doubly
folded BIF (Gardiner, 1986). The dome is interpreted as an
F 2 /F 3 hammerhead-shaped interference fold structure
(Geusebroek and Duke, 2005). Several genetic models for
gold emplacement at Lupin have been proposed: 1) a syngenetic model (i.e., primary deposition during basin development) based on the extensive stratiform habit of the sulphides (Bostock, 1980; Gardiner, 1986; Padgham and
Atkinson, 1991; Kerswill et al., 1992); 2) an epigenetic
model (i.e., gold entirely coming from an external source
and reconcentrated during metamorphism) based on isotopic analyses of Pb and Sr on the network of mineralized
quartz veins and field relationships (Lhotka, 1988;
Geusebroek and Duke, 2005); or 3) a multiphase model,
which hypothesizes a mixed contribution of syngenetic
gold with the addition of epigenetic processes (e.g., Bullis
et al., 1994). The BIF at Lupin is considered to be silicate
facies (grunerite and hornblende rich) and locally sulphide
facies. Gold commonly occurs as finely disseminated inclusions in pyrrhotite and along grain boundaries between
arsenopyrite and loellingite (Figure 3d; Bullis et al., 1994).
The McPherson zone has a similar mode of mineralization
as the Lupin dome, although with a higher degree of deformation. Pyrrhotite and arsenopyrite are both abundant,
with hedenbergite in silicified domains marginal to quartz
veins.

fuse quartz veins (‘silica flooding’) and locally with shear
veins preferentially developed in fold hinges, with sulphides replacing the folded BIF layers. Preliminary
(unpublished) arsenopyrite Re-Os dating results suggest
that the main phase of mineralization is Archean in age.

Back River project

The Baffin Gold project is the least explored prospect
among all other deposits previously mentioned. ValOre
Metals Corporation and previous owners Commander Resources Limited have located key gold-bearing areas
named Malrock, Brent, Ridge, Kanosak and Durette. The
property spans over 100 km of the Piling Group, with auriferous units mainly in the Bravo Lake and Dewar Lakes formations. The gold resources for the property remain to be
determined. However, anomalous gold has been identified
in key areas, including 107.1 g/t Au over 0.6 m (channel
sample) in iron formation at Ridge, and 114.5 g/t Au (grab
sample) at Brent along a quartz-filled shear zone (ValOre
Metals Corporation, 2020). Results from U-Pb detrital zircon analysis of the Dewar Lakes quartzite are reported to
have a bimodal age distribution, yielding an Archean age at
2.85–2.84 Ga and a Paleoproterozoic age at 2.18–2.16 Ga
(Henderson and Parrish, 1992; Wodicka et al., 2002). The
younger population provides a maximum depositional age
of ca. 2.16 Ga for the entire Piling Group. In addition, the
Bravo Lake formation has been dated by U-Pb zircon methods, yielding a maximum age of 1883.3 ±4.7 Ma from a
crosscutting diorite sill (Henderson and Parrish, 1992;
Wodicka et al., 2002). The Dewar Lakes and Bravo Lake
formations are the auriferous hostrocks on the property,
specifically within silicate- and sulphide-facies BIF with

The Back River project consists of six properties: the
Goose property, which includes the Goose Main, Llama,
Echo, Nuvuyak and Umwelt deposits; the George property,
with the Locale 1 and Locale 2 mineral deposits; and several secondary properties named Boulder, Boot, Del and
Bath (Sabina Gold and Silver Corporation, 2020). The
Back River project, once in production, is estimated to have
a 10-year mine life with an estimated resource total of
182.29 t Au (6.43 million oz.) for the Goose and George
properties combined. Studies conducted using U-Pb zircon
and arsenopyrite Re-Os geochronology are currently underway as part of a Sabina Gold and Silver Corporation and
GSC collaboration, but field relationships indicate that
gold mineralization is probably associated with the main
phase of deformation (F1 folding in the local nomenclature,
correlated with D2 at SSP scale) and overprinted (remobilized and/or upgraded) by D2 (local nomenclature) open
folds. Most of the gold occurs in silicified sulphide-facies
BIF, with quartz veins and shears in F1-fold hinges and locally along F1-fold limbs. Sulphide assemblages include
pyrite, coarse arsenopyrite and pyrrhotite, along with accessory chlorite, carbonate, hornblende and grunerite (Figure 3e). The gold-bearing sulphides are associated with dif-
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Qikiqtaaluk Region
Geological setting of central Baffin Island and the
Piling Group
Central Baffin Island, located within the Qikiqtaaluk Region of Nunavut, at the northwestern margin of the TransHudson Orogen (Corrigan et al., 2001; Stacey and Pattison,
2003), comprises Archean basement of the Rae domain to
the north and the Foxe fold belt to the south. The main stratigraphic unit, named the Piling Group, consists of a lower
passive-margin sequence (lower Dewar Lakes and Flint
Lake formations) composed of basal muscovite schist,
quartzite with interbedded iron formation, and overlying
dolomitic and calcareous marble with chert. This transitions into an upper foredeep sequence (Astarte River and
Longstaff Bluff formations), which consists of a basal unit
of ferruginous psammite, black shale and sulphide-facies
iron formation, overlain by psammite and feldspathic
wacke interbedded with semipelite and pelite. The volcanic
Bravo Lake formation encompasses ultramafic and mafic
flows as well as sills intercalated in the lower sequence of
the Piling Group (Henderson and Henderson, 1994;
Corrigan et al., 2001).
Baffin Gold project
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grunerite alteration, along major shear zones and quartz
veins, and altered gabbro. Structural controls and deformation phases of gold are unknown at the property scale. A
petrographic study by Garzon (2010) delineated sulphide
relationships within BIF-hosted gold at the Malrock and
Ridge prospects. Results indicated a textural association of
gold and loellingite, suggesting that arsenic could be a good
pathfinder element for regional gold exploration, as for
most other BIF-hosted gold deposits of Nunavut. Pyrrhotite was found to be the most abundant sulphide, with chalcopyrite inclusions. Pyrrhotite shows replacement textures
of pyrite, magnetite and ilmenite. An example of mineral-

ized drillcore from the Kanosak prospect is shown in
Figure 3f.

The Fury and Hecla Geoscience Project:
BIF on northwestern Baffin Island
Field observations
The Fury and Hecla Geoscience Project was a multiyear enterprise led by the Canada-Nunavut Geoscience Office in
collaboration with Crown-Indigenous Relations and
Northern Affairs Canada, Laurentian University, McGill
University and Université du Québec à Montréal (outline
of study area shown on inset map of Figure 4). The aim of

Figure 4: Residual total-field magnetic data from the 2017 and 2019 airborne geophysical surveys,
showing the measure of magnetism of the rock in nanoteslas (nT; Steenkamp, 2018a–h; Lebeau,
2019a–g): a) coverage of all or parts of NTS areas 47D–H, with outline of the general borders of the
study area on Baffin Island, Nunavut (inset map); b) close-up of the BIF in residual total-field magnetic
data (BIF is pink) with the northern and southern traverse lines (black horizontal lines); c) same image
as in (b) but in first vertical derivative of the magnetic field.

8

Canada-Nunavut Geoscience Office

this study was to contribute new geoscience information at
a regional scale for a largely unmapped area of northern
Baffin Island, which also happened to be one of the last remaining areas in Nunavut without geophysical magnetic
data.
A fixed-wing geophysical magnetic survey collected data
in 2017 and 2019; the geological survey was conducted in
2018 and 2019. Papers summarizing field observations and
analytical results have been published on the following topics: Precambrian crystalline bedrock (Bovingdon et al.,
2018, 2021; Steenkamp et al., 2018; Dufour et al., 2020,
2021; Lebeau et al., 2020), Precambrian Fury and Hecla
sedimentary basin (Greenman et al., 2018, 2020; Patzke et
al., 2018), Palaeozoic bedrock (Zhang, 2018) and Quaternary geology (Tremblay and Godbout, 2018; Tremblay et
al., 2020; Tremblay, 2021). General bedrock geology of the
area dominantly comprises Archean granodioritic, monzogranitic, tonalitic and quartz dioritic metaluminous gneiss
with local migmatization, and secondary granodioritic
weakly to strongly peraluminous gneiss. Felsic plutons are
intruded throughout the area, including foliated granodiorite-monzogranite and porphyritic to porphyroclastic (locally megacrystic) monzogranite to quartz monzonite
plutons. Supracrustal metasedimentary rock units are
scarce in the area: a small garnet-pelite panel was located
west-northwest of the Fury and Hecla Basin, as well as
some small, centrally located slivers. A thick, sulphidebearing BIF was located in the area (NAD 83, UTM Zone
17N, 461347E, 7837589N). Younger mafic to ultramafic
intrusions, weakly foliated to massive syenogranite dykes,
gabbroic dykes and syenogranite pegmatite dykes also intrude throughout the project area. A preliminary geological
bedrock map of the area is illustrated in Lebeau et al. (2020)
and drafting of the final map is in progress.

rock that are more sulphide rich. Outcrop that is in place
comprises finely laminated quartz, magnetite and specularite (Figure 6b), with a well-defined, steeply plunging crenulation lineation (Figure 6c). Some sections of the exposure
are dominated by massively textured and coarse-grained
magnetite with secondary specularite (Figure 6d). Float
samples in the gossanous patches demonstrate asymmetrically folded quartz layering in a fine dark grey mass. The
sulphide minerals are anhedral to euhedral, fine to coarse
grained (up to 2 mm) and stratiform, occurring as strings of
sulphides that are parallel to the quartz-layered fabric (Figure 6e). Other gossanous float samples demonstrate higher
degrees of deformation, with disaggregated layers of quartz
and oxidized sulphide minerals (Figure 6f). Several milky
quartz veins crosscut the banded iron formation, but they
are not laminated, nor do they present any alteration.
Along the southern traverse line (Figure 4b), the BIF forms
a tall rubbly ridge in the landscape, with no in situ outcrop
or visible contacts with the adjacent rock units (Figure 7a, b). The adjacent rock is the same monzogranitic and
granodioritic orthogneiss; however, the gneiss is locally
silicified with dense, fine, net-textured quartz veinlets
(Figure 7c). Highly silicified float rock of banded red chert,
with crosscutting white quartz veinlets and pervasive
quartz alteration with a sugary appearance, was observed
on the BIF ridge (Figure 7d). The net-textured quartz
veinlets in the adjacent orthogneiss and the presence of
pervasively silica-altered BIF suggest late quartz flooding
of the area. In addition to silica-altered BIF, the exposure is
dominantly composed of finely banded, magnetitedominated oxide-facies BIF (Figure 7e) and lesser silicatefacies BIF, consisting of banded maroon-red and medium
green amphibole (Figure 7f). Massive milky quartz veins
are again present, although there are less gossanous
patches.

Magnetic data indicate a highly contrasting north-trending
rock package measuring approximately 3 by 15 km (Figure 4), which was confirmed as BIF on the ground (referred
to later in the paper as the ‘Fury and Hecla BIF’). The geophysical signature of the magnetic field, as shown in Figure 4b (residual magnetic field) and Figure 4c (first vertical
derivative), demonstrates two separate, side-by-side limbs
that meet, suggesting an isoclinally folded package. An aerial view at the suspected fold nose further supports this interpretation (Figure 5). Two field traverses were completed
over the BIF, one at the northern extent (at the suspected
fold nose) and another along strike that confirmed the BIF
was continuous southward (see Figure 4b).
Along the northern traverse line, the BIF is adjacent to a
thickly banded orthogneiss with porphyroclastic granodiorite and monzogranite layers (Figure 5). The contact is not
exposed. The BIF outcrop is very blocky, with little outcrop
that can be confidently considered in place (Figure 6a).
Overall, the outcrop is dark grey with patches of gossanous
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Figure 5: Aerial photograph looking northward of the Fury and
Hecla banded iron formation (BIF) outcrop on northern Baffin Island showing the lithological contact (dotted black line) and the
rock fabric (dotted white lines).
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Figure 6: Field photographs from the northern traverse line along the Fury and Hecla banded iron formation (BIF), on northern Baffin Island,
showing a) an overview of the outcrop (standing helicopter pilot for scale is 176 cm tall); b) laminated BIF with quartz, magnetite and specularite; c) crenulation lineation (dotted white line), indicating trend and plunge along the bedding plane of the BIF; d) float sample of massive
and coarse-grained magnetite with specularite; e) float sample from gossanous BIF, with folded fabric (dotted white lines) and coarsegrained sulphides (circled); f) float sample from gossanous BIF, characterized by a higher degree of deformation with disaggregated layers
of quartz and sulphide minerals.
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Figure 7: Field photographs from the southern traverse line along the Fury and Hecla banded iron formation (BIF), on northern Baffin Island, showing a) the rubbly ridge of the BIF (geologist for scale is 170 cm tall); b) BIF rubble; c) ubiquitous quartz veinlets in adjacent gneiss;
d) float sample of silicified and quartz-veined BIF; e) float sample of finely layered magnetite-dominated, oxide-facies BIF; f) amphibolitic
BIF.
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Petrography and assays
The petrographic analysis and assay interpretation of the
Fury and Hecla BIF are preliminary because of the regional-scale nature of the Fury and Hecla Geoscience Project. During fieldwork, the BIF was not studied in detail and
was only investigated for mapping purposes. Although the
CNGO is not planning further work in the area based on its
current programming, additional exploration of this BIF by
industry or academia may be warranted.
As part of this preliminary assessment, thin sections were
prepared from two samples from the Fury and Hecla BIF:
sample L050A01 is a finely laminated quartz-magnetitespecularite rock sampled from the outcrop (Figure 8a) and
sample L050A02 is from a float sample of a gossanous
patch (Figure 8b–f). Both samples are from the northern
traverse (hinge zone). The finely laminated quartz-magnetite-specularite BIF (Figure 8a) possesses quartz-dominated laminations interlayered with magnetite and hematite
(specularite) bands, approximately 1–3 mm in thickness.
Mineral modal abundance is approximately 70% quartz
and 30% Fe-oxide. Quartz grains are fine to coarse grained
and largely equant, with some interfingering grain boundaries most likely due to recrystallization. Other noteworthy
characteristics are undulose extinction and polycrystalline
grains. The second thin section from the gossanous BIF
sample possesses fine- to medium-grained minerals consisting of 50% quartz (highly recrystallized), 15% magnetite, 12% alteration minerals (i.e., sericite, epidote and hematite), 10% Ca-amphibole, 8% sulphide minerals (i.e.,
5% pyrite, 2% pyrrhotite, 1% chalcopyrite) and 5% biotite.
Modal abundance is variable across the thin section. In
parts of the thin section (Figure 8b), biotite and quartz show
a well-developed foliation, which is not as penetrative in
the amphibole-rich bands. The aggregated texture of the
amphibole (not lineated) suggests that peak metamorphism
is late- to post-peak deformation. In addition to silicate
minerals, sulphide minerals also present interesting textures and relationships. Although in hand sample some sulphide minerals appear subhedral to euhedral, they are
mostly anhedral and flattened, showing only some crystal
faces, in thin section. Anhedral pyrrhotite and chalcopyrite
are the only sulphide minerals observed to share grain
boundaries (Figure 8c). Pyrite generally occurs as aligned
and flattened grains that follow the fabric of the rock (Figure 8d). It is possible that the other sulphide minerals also
follow the same fabric, but their scarcity makes it impossible to confirm. Chalcopyrite is also observed surrounded
by colloform-textured magnetite and weathered Fe-oxide
that has replaced the chalcopyrite along fractured surfaces
(Figure 8e). Lastly, pyrrhotite is also present in close
association with magnetite as small anhedral inclusions
(Figure 8f), possibly reflecting the start of sulphidization or
a primary feature.
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Samples assayed for this study consist of a gossanous sample that was thin sectioned from the northern field traverse
(L050A02) and a milky quartz vein crosscutting the BIF
from the southern field traverse (L064B01). The samples
were cut and crushed at Laurentian University and sent to
Activation Laboratories Ltd. (Ancaster, Ontario) for analysis. Both samples were analyzed using the 1E3 (aqua regia
partial digestion multichannel scan) and 1A2 (fire-assay
fusion) methods for gold as well as for other trace metals
and elements (Table 1). The gossanous sample contains
26.1 wt. % Fe, well over the necessary 15 wt. % necessary
to be considered an iron formation. Although no anomalous
results were obtained, the presence of pyrrhotite in the BIF
remains an interesting feature and more sampling is required to further evaluate the potential of this new BIF occurrence. Similarly, additional and more systematic sampling from the various gossanous patches is necessary to
appropriately interpret the geochemistry of the BIF unit and
its various components. Analytical results are presented in
Table 1, although no interpretation is suggested because of
the limited data.
Table 1: Assay results of two samples from traverse lines
along the Fury and Hecla banded iron formation (BIF) outcrop
on northern Baffin Island. Both the samples were analyzed at
Activation Laboratories Ltd. (Ancaster, Ontario) using the
aqua-regia partial digestion method followed by inductively
coupled plasma–mass spectrometry, unless otherwise noted.

Canada-Nunavut Geoscience Office

Figure 8: Photomicrographs of samples from the study area: a) thin-section scan of laminated quartz-magnetite-specularite banded iron
formation (BIF), showing quartz grains (grey) and iron oxides (black) under cross-polarized light (XPL); b) BIF (dotted line illustrates general foliation) with quartz (Qz), foliated biotite (Bt) and amphibole (Amp) under XPL (10x magnification); c) anhedral pyrrhotite (Po) in grainto-grain contact with chalcopyrite (Ccp) and some subhedral pyrrhotite grains in the lower section of the photo seen under reflected light
(RFL; 50x magnification); d) anhedral and aligned pyrite (Py) under RFL (20x magnification); e) magnetite (Mag) and Fe-oxide forming
colloform texture with fractured chalcopyrite under RFL (50x magnification); f) aggregate of magnetite with fine inclusions of anhedral pyrrhotite and free chalcopyrite under RFL (20x magnification).
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Economic considerations
Nunavut has many examples of BIF-hosted gold deposits,
as summarized herein, and due to the underexplored nature
of the territory, there is a good potential for other undiscovered deposits. Nunavut’s BIF-hosted gold deposits show
many recurring geological characteristics including
· silicate- and oxide-facies, metre- to decametre-thick
and laterally continuous BIF units,
· metamorphic grade along the boundary at greenschist to
amphibolite facies,
· a high degree of deformation, where BIF layering can be
intensely folded or disaggregated proximal to major
lithotectonic boundaries,
· silicification (silica flooding) in the form of diffuse to
dense quartz veining,
· a mineral assemblage comprising varying amounts of
pyrrhotite, pyrite, chalcopyrite, arsenopyrite, loellingite
and gold, along with other common occurrences of
grunerite, chlorite, biotite and hornblende.
The Fury and Hecla BIF shares many of these characteristics, including a metre- to decametre-thick and laterally
continuous BIF, amphibolite-grade metamorphism, a high
degree of deformation including tight folding, indications
of hydrothermal fluid circulation (zones of silica flooding)
and some of the typical sulphide assemblage including pyrite, pyrrhotite and chalcopyrite. Most of the BIF-hosted
gold deposits in Nunavut contain significant arsenopyrite,
except for Meadowbank, which has rare occurrences.
Therefore, arsenopyrite is not necessarily an indicator of
gold in all BIF-hosted deposits. However, pyrrhotite is a recurring mineral in each deposit and is typically abundant in
gold-rich areas. Pyrrhotite in the Fury and Hecla BIF occurs both as discrete grains and as inclusions in magnetite;
pyrrhotite inclusions in magnetite have also been observed
in Meadowbank. Although assay results of the Fury and
Hecla BIF showed no anomalous gold, more systematic
sampling is required for a proper assessment of the
prospectivity of this occurrence. Research by the GSC,
CNGO, industry and academia on BIF-hosted gold in
Nunavut continues, and may very well enter a new phase
with the recent renewal of Natural Resources Canada’s Targeted Geoscience Initiative and GEM-GeoNorth programs, which could provide an opportunity to look at the
Fury and Hecla BIF, as well as other occurrences, more
closely.
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