Mineralogy, geochemistry and field relationships in the Gifford River
area, northwestern Baffin Island, Nunavut
P.J. Bovingdon1, D. Tinkham2 and L.E. Lebeau3
1

Harquail School of Earth Science, Laurentian University, Sudbury, Ontario, pbovingdon@laurentian.ca

2

Harquail School of Earth Science, Laurentian University, Sudbury, Ontario

3

Canada-Nunavut Geoscience Office, Iqaluit, Nunavut

The Fury and Hecla Geoscience Project (FHGP) was led by the Canada-Nunavut Geoscience Office in collaboration with Crown-Indigenous Relations and Northern Affairs Canada, and researchers and students from Laurentian University, McGill University and Université
du Québec à Montréal. The multiyear project involved mapping and sampling of Archean, Proterozoic and Paleozoic rocks, and Quaternary surficial deposits and features. The study area comprised all or parts of nine 1:250 000 scale NTS map areas north and south of Fury
and Hecla Strait on Baffin Island and Melville Peninsula, respectively (NTS 37C, F, 47C–H and 48A).
Bovingdon, P.J., Tinkham, D. and Lebeau, L.E. 2021: Mineralogy, geochemistry and field relationships in the Gifford River area, northwestern Baffin Island, Nunavut; in Summary of Activities 2020, Canada-Nunavut Geoscience Office, p. 19–32.

Abstract
The Gifford River area, on northwestern Baffin Island, is located in the western Churchill Province (Rae craton) and consists of Archean to Paleoproterozoic crust that experienced multiple tectonothermal events. Recorded in these rocks are
poorly constrained events before 2.7 Ga and subsequent regional-scale orogenic events spanning the period 2.7–1.8 Ga.
Previous geological mapping initiatives in the area resulted in the production of reconnaissance-scale maps. New geological mapping during the 2018 field season aids in advancing geological knowledge of the area, resulting in a preliminary map
that documents the major geological units in the study area. A representative suite of samples from the intensely deformed
Precambrian basement, granitic and intermediate intrusions, and the supracrustal rocks was collected to study variation in
mineral composition, deformational fabric, geochemistry and geochronology. Highlighted in this paper are new mineralogical, geochemical and field relationships that refine the lithological units of the 2018 preliminary map.
A representative suite of 16 samples from major lithological units was collected for U-Pb zircon geochronology. The geochronological data will constrain the timing of crystallization of the basement gneiss and granitoid intrusions, and the timing of deposition of metasedimentary units. Additionally, metamorphic assemblages and fabrics related to deformational
events are integrated into a regional-scale analysis of the extent of tectonometamorphic overprint across the study area.

Introduction
The Gifford River study area (Figure 1) is located on northwestern Baffin Island in the northern Rae craton (Jackson
and Berman, 2000; Pehrsson et al., 2013). This area was previously mapped at a reconnaissance scale during the late
1950s to early 1960s (Blackadar, 1958, 1963, 1964), and
was revisited by Ciesielski and Maley (1980) to refine descriptions on the predominant gneiss, granite and Franklin
dykes in the area. The majority of the area north of the Fury
and Hecla Basin nonconformity is relatively unstudied.
Scott and de Kemp (1998) compiled a regional bedrock
map (1:500 000) of northern Baffin Island and northern
Melville Peninsula, including part of the study area, using
maps produced by Chandler et al. (1980) and Ciesielski and
Maley (1980) of the Fury and Hecla Basin and adjacent

basement gneiss. Despite the previous mapping, large areas
of the Gifford River area remain described as undifferentiated Archean gneiss.
The Canada-Nunavut Geoscience Office (CNGO) led this
multiyear and multidisciplinary Fury and Hecla Geoscience
Project (FHGP), which was focused on mapping both north
and south of Fury and Hecla Strait. The focus during the
2018 field season was on mapping the Gifford River area.
This paper aims to refine field relationships and petrographic and geochemical characteristics of the orthogneiss
basement, felsic intrusions and supracrustal units (Figure 2) described in Steenkamp et al. (2018). The results presented here are part of an M.Sc. study of the first author that
focuses on the magmatic and thermal history of the Fury
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and Hecla project area. Field relationships, thin-section photomicrographs and geochemical interpretations of the dominant units are presented.

Regional geology
Much of Melville Peninsula and northwestern Baffin
Island lie within the 3.0–2.5 Ga northern Rae craton
(Hoffman, 1988; Jackson and Berman, 2000; Corrigan et al., 2013). The northern Rae craton, in the western Churchill Province, formed part of the Paleoproterozoic supercraton Nunavutia that amalgamated
ca. 2.55–2.45 Ga (Berman et al., 2013; Pehrsson et al.,
2013). The northeastern extent of the northern Rae
craton consists of reworked granodiorite to tonalite
orthogneiss with granitoid intrusions. Metamorphic
grade increases from greenschist to upper-amphibolite facies toward the northeast, closer to the TransHudson Orogen (Jackson et al., 1990; Jackson and
Berman, 2000).

Figure 1: Location of the Fury and Hecla field areas in 2018 and 2019 on
northwestern Baffin Island and northern Melville Peninsula.

Three Archean crust-building episodes characterize
the northern Rae craton (Jackson and Berman, 2000).
These three magmatic episodes span ca. 3.0–2.5 Ga and
consist of 3.0–2.8 Ga felsic plutonism, 2.76–2.71 Ga felsic
plutonism and paragneiss formation (Mary River Group,
Prince Albert Group), and 2.62–2.58 Ga (Pehrsson et al.,
2013) felsic plutonism (Jackson and Berman, 2000).
The northern Rae craton experienced four episodes of orogenesis, including the ca. 2.55–2.50 Ga MacQuoid Orogen
(Jackson and Berman, 2000; Bethune and Scammel, 2003a;
Berman et al., 2010), the ca. 2.50–2.30 Ga Arrowsmith
Orogen (Berman et al., 2013; Pehrsson et al., 2013), the ca.
2.0–1.9 Ga Taltson-Thelon Orogen (Bostock et al., 1990)
and the ca. 1.87–1.80 Ga Trans-Hudson Orogen (St-Onge
et al., 2007; Corrigan et al., 2009; Berman et al., 2015).
The Melville Peninsula south of the study area is composed
of Archean amphibolite- to granulite-grade orthogneiss in
three distinct lithological blocks hosting greenstone belts
that include voluminous basaltic to ultramafic flows and
sills, chemical and clastic metasedimentary rocks, and granitic rocks (Machado et al., 2012; Corrigan et al., 2013).
These blocks (from southern Melville to northern Melville)
are the Repulse Bay block, Prince Albert block and Northern Granulite block. The Prince Albert block consists of upper-greenschist to middle-amphibolite facies Archean
supracrustal rocks with granite and orthogneiss (Corrigan
et al., 2013). This block hosts the Prince Albert greenstone
belt that trends parallel to the Roche Bay greenstone belt
(Corrigan et al., 2013). The Penrhyn Group lies between
the Prince Albert block and the Repulse Bay block, and
comprises metamorphosed, Paleoproterozoic supracrustal
and sedimentary rocks. The Repulse Bay block is composed of older Archean tonalite-trondhjemite-granodiorite
(TTG) gneiss, two-pyroxene charnockite, monzogranite
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intrusions and minor supracrustal rocks (LaFlamme et al.,
2014).
To the northeast of the Gifford River area, the Mary River
Group is defined by laterally extensive belts of greenschistfacies mafic metavolcanic rocks associated with banded
iron formation, intermediate and ultramafic volcanic rocks,
and metasedimentary rocks (Bethune and Scammel,
2003b; Johns and Young, 2006). Skipton et al. (2017) described weakly deformed to massive monzogranitegranodiorite and pegmatitic syenogranite intruding the
tonalite-granodiorite basement gneiss and the Mary River
Group. Tonalitic gneiss from the Mary River area has been
dated at 2851 +20/–17 Ma (Jackson et al., 1990), whereas
preliminary ages of granodioritic gneiss associated with the
Mary River area are ca. 2900 Ma (Young et al., 2004). A
dacite interlayered with the Mary River iron formation
constrains volcanic eruption and sediment deposition at
2718 +5/–3 Ma (Jackson et al., 1990; Skipton et al., 2019).

Neoarchean–Paleoproterozoic gneiss
Hornblende monzogranite-granodiorite-tonalite
orthogneiss
The dominant rock types in the 2018 field area are hornblende-bearing monzogranitic, granodioritic and tonalitic
orthogneiss that contain multiple generations of granitoid
intrusions and locally contain amphibolite enclaves. These
rock types are collectively referred to as the hornblende
monzogranite-granodiorite-tonalite gneiss unit (Figure 2)
and represent the basement hostrocks to younger intrusive
units described below. Contacts between the gneissic rocks
and granitoid intrusions are rarely observed in place. The
sedimentary rocks of the Fury and Hecla Basin noncon-
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Figure 2: Simplified geology of the Gifford River area, showing the spatial distribution of samples collected (modified after Steenkamp et al., 2018).

formably overlie the gneiss in the southern portion of the
study area. Samples from the gneiss were collected for mineralogical, geochemical and zircon U-Pb geochronological
investigation.
The hornblende monzogranite-granodiorite-tonalite gneiss
unit is variably foliated, with foliation intensity increasing
to the northeast. Gneissosity ranges from strong compositional banding at the millimetre to decimetre scale (Figure 3a) to weak banding defined by elongated domains of
recrystallized feldspar and quartz (Figure 3b). Biotite and
locally lineated amphibole are generally preferentially
aligned parallel to gneissosity. Gneissosity is defined by
centimetre- to decimetre-scale banding, consisting of
leucocratic bands of quartz+plagioclase+K-feldspar and
melanocratic bands of amphibole+biotite+magnetite with
retrograde chlorite±epidote (Figure 3c). Melanocratic
bands are commonly thinner than associated leucocratic
bands. Biotite and amphibole are aligned parallel to gneissosity in the melanocratic bands. Mafic enclaves are commonly observed in the basement gneiss and are surrounded
by coarser grained hostrocks. These lenses are typically
gabbroic in composition, with thin layers enriched in
plagioclase and amphibole that define a foliation.
Petrographic observations confirm that the leucocratic
bands consist of quartz+plagioclase+K-feldspar, with
quartz and plagioclase more abundant than K-feldspar. The
K-feldspar is commonly focused around plagioclase
grains, with minor sericite replacing rims of K-feldspar and
plagioclase. Rocks with a stronger gneissic fabric display
fine-grained (0.1–0.3 mm) quartz crystals that are associated with plagioclase crystals in the groundmass (0.2–
0.5 mm). Biotite and amphibole occur interstitially between plagioclase and quartz crystals, and have a preferred
orientation parallel to gneissosity (Figure 3d). Accessory
minerals include clinopyroxene in melanocratic layers. In
strongly foliated samples, retrograde epidote+titanite+biotite±white mica replace hornblende (Figure 3e). Magnetite
and minor amounts of pyrite and ilmenite are concentrated
in melanocratic bands. Sphalerite, rutile or ilmenite are
present in some retrograde assemblages.
Samples across the study area were selected for whole-rock
geochemistry studies to understand the major, minor and
trace-element variations in the basement rock. Rare-earth
element (REE) profiles of the basement (Figure 3f) show
enrichment of light rare-earth elements (LREE) and depletion in heavy rare-earth elements (HREE). Additionally,
tonalitic basement samples with positive Eu anomalies potentially indicate the presence of a cumulate plagioclase
phase during crystallization. The silica content of the basement gneiss is considerably higher than that of the younger
intrusive rocks (Figure 4). The amounts of MgO, TiO2 and
FeO remain relatively constant in basement samples, which
also helps distinguish the basement hornblende monzo-
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granite-granodiorite-tonalite gneiss from the younger intrusions, which tend to have higher MgO and FeO.

Granitic to quartz dioritic intrusions
Granitoid intrusions occur as small (<7 km) or large
(>10 km) plutons intruding the hornblende monzogranitegranodiorite-tonalite gneiss unit. An intermediate intrusion,
ranging from quartz diorite to monzodiorite in composition,
is observed along the southeastern portion of the map area
(Figure 2). The most voluminous intrusive rock type is a
hornblende-biotite monzogranite, located in the centre of
the study area. Later syenogranite and quartz syenite intrusions crosscut the monzogranite but also occur as small
plutons intruding the basement gneiss unit, indicating that
the syenogranite to quartz syenite pluton suite is the youngest identified intrusive suite in the study area.

Quartz diorite gneiss
Along the coastline east of the Fury and Hecla Group (Figure 2), quartz diorite gneiss is in contact with a metagabbro,
both of which are crosscut by pink monzogranite stringers
(Figure 5a). The quartz diorite contact with the metagabbro
is sharp. The monzogranite stringers are also crosscutting
discordant to the sharp contact of the metagabbro and
quartz diorite. Contacts between the quartz diorite and basement gneiss are sharp, when observed. The contact with the
hornblende monzogranite-granodiorite-tonalite gneiss is
sharp, when observed. The crosscutting relationship between the quartz diorite, the monzogranite stringers and the
metagabbro suggests that the quartz diorite gneiss is the
earliest granitic intrusion in the field area.
The quartz diorite gneiss is medium grained (2–4 mm) and
has a plagioclase-dominant matrix with minor K-feldspar
and quartz (Figure 5b). Hornblende and biotite bands define the foliation, with minor amounts of retrograde epidote
concentrated along hornblende-biotite boundaries. The
quartz diorite gneiss contains a foliation, defined by
aligned hornblende and biotite. Plagioclase laths, ranging
from 0.5 to 1 cm, are observed subparallel to foliation. Clinopyroxene is present as medium-grained (1–3 mm) crystals
surrounding plagioclase- and hornblende-rich areas. Clinopyroxene is also observed as inclusions in amphibole grains.
Magnetite and primary pyrite are concentrated in amphibole-rich rocks. The presence of clinopyroxene being replaced by amphibole is likely a product of the regional amphibolite-grade metamorphism.
Major-element geochemistry indicates that the quartz
diorite gneiss has higher MnO, Fe2O3, CaO and MgO, and
lower K2O and Na2O than the monzogranitic-tonalitic
basement gneiss unit (Figure 4). This is compatible with the
higher proportion of hornblende, pyroxene and anorthitic
plagioclase in the quartz diorite gneiss. The REE signature
of the quartz diorite gneiss shows depletion in HREE and
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Figure 3: Photographs, thin-section photomicrographs and rare-earth element geochemistry of the hornblende monzogranitegranodiorite-tonalite gneiss: a) outcrop photo of intense folding of monzogranite injections in a tonalite gneiss, 30 cm hammer for scale;
b) hand sample of strongly foliated hornblende granodiorite basement with syenogranite injections concordant with foliation; c) gneissic
banding observed in hand sample, with melanocratic bands ranging from 3 to 5 mm and leucocratic bands ranging from 7 to 10 mm;
d) quartz-plagioclase–rich band in tonalite gneiss with minor amounts of K-feldspar and biotite (cross-polarized light, 2.5X magnification);
e) autometamorphic assemblage of epidote-titanite-magnetite in granodiorite gneiss, with epidote-titanite associated with hornblende
(generally along foliation; cross-polarized light, 10X magnification); f) rare-earth–element profiles of the basement gneiss, granitic intrusions and intermediate intrusions. Mineral abbreviations: Bt, biotite; Hbl, hornblende; Pl, plagioclase; Qz, quartz; Ttn, titanite.
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Figure 4: Major-element geochemistry of the hornblende-bearing monzogranite-granodiorite-tonalite gneiss, and intermediate and granitic intrusions.

Figure 5: Representative outcrop photos and thin-section photomicrographs of intermediate and granitic intrusions: a) contact and crosscutting relationships in outcrop between an older metagabbro and diorite orthogneiss, both of which are crosscut by later monzogranitic
stringers; b) diorite gneiss with plagioclase laths (5–15 mm) aligned with biotite and amphibole foliation, and orthopyroxene and clinopyroxene with minor quartz and amphibole around plagioclase lath (cross-polarized light, 5X magnification); c) monzogranite outcrop located in centre of study area, crosscut by later syenogranite-monzogranite stringers; d) hand sample of massive monzogranite from large
monzogranitic intrusion; e) hornblende monzogranite gneiss with K-feldspar, quartz and plagioclase in pink bands, and minor amounts of
biotite and hornblende (cross-polarized light, 5X magnification); f) titanite-sphalerite-chlorite overprinting biotite and amphibole in foliated
hornblende-biotite monzogranite (cross-polarized light, 10X magnification). Mineral abbreviations: Amp, amphibole; Bt, biotite; Chl,
chlorite; Cpx, clinopyroxene; Hbl, hornblende; Kfs, K-feldspar; Opx, orthopyroxene; Pl, plagioclase; Qz, quartz; Sp, sphalerite; Ttn, titanite.
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enrichment in LREE (Figure 3f). The quartz diorite gneiss
REE profile is similar to those of other felsic intrusions observed, where a small negative Eu anomaly is present. This
differs from what is observed in the basement, where a large
positive Eu anomaly is present. On this basis, the quartz
diorite gneiss is interpreted to be derived from an intrusion
that is different from the protoliths that form the monzogranitic-tonalitic basement gneiss unit.

Hornblende-biotite monzogranite
A hornblende-biotite monzogranite pluton, located in the
central and eastern parts of the 2018 field area, is the largest
intrusion observed in the area. This intrusion produces a
strong magnetic anomaly due to the high abundance of magnetite. Contacts with the basement gneiss are commonly
eroded or covered by felsenmeer. The southern contact of
the hornblende-biotite monzogranite is an erosional contact
with the Fury and Hecla Basin. The intensity of deformation
of the hornblende-biotite monzogranite intrusion increases
toward the northeast, from weakly foliated to gneissic.
Gneissosity increases along some of the eastern margins of
the intrusion and is defined by pink bands of K-feldspar+
quartz+plagioclase and melanocratic bands consisting primarily of hornblende+biotite+magnetite with retrograde
chlorite. The interior of the pluton ranges from strongly foliated with abundant hornblende and biotite to massive with
lesser amounts of hornblende and biotite. Massive samples
tend to have little deformation and only a weak foliation defined by biotite (Figure 5c). In areas of the pluton that are
strongly foliated to gneissic, thin (<3 cm) subconcordant
syenogranite stringers follow the foliation defined by biotite (Figure 5d).
The intrusion mineralogy is dominated by coarse-grained
K-feldspar (5 mm) and quartz with minor amounts of plagioclase. In more gneissic samples, K-feldspar crystals are
coarser grained (5–7 mm) than quartz and plagioclase in
leucocratic bands (Figure 5e). Feldspars have slight sericite
replacement along crystal edges. Biotite and hornblende
are preferentially aligned where foliation is present. Amphibole abundance is 3–15%, increasing in areas that have
undergone more deformation. Massive samples have a
lower abundance of biotite and hornblende than gneissic
and strongly foliated samples. Samples with a higher abundance of amphibole tend to have retrograde mineral assemblages, such as chlorite+titanite±sphalerite (Figure 5f), that
are commonly overprinting amphibole and biotite. Magnetite is abundant (1–2%) throughout the amphibole-rich
areas.
Two foliated samples and one massive sample were selected
for geochemical analysis. The foliated hornblende-biotite
monzogranite samples have similar major-element patterns, whereas the massive sample has elevated Al2O3 and
depleted MgO and FeO (Figure 4). This difference is likely
due to the lack of biotite and hornblende in the massive
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rocks. The REE profile of the monzogranite is similar to
that of the quartz diorite gneiss (Figure 3f). Determining
tectonic setting by trace-element geochemistry was first investigated by Pearce et al. (1984). Plotting the granitic intrusions (and other intrusions mentioned) using Yb+Ta vs.
Rb shows a trend toward the syncollisional and volcanicarc fields (Figure 6a). Pearce et al. (1984) stated that similar
trends in granitic rock suites likely reflect a post-collisional
origin.

Porphyritic K-feldspar quartz monzonite
Small (3–6 km in size) plutons of porphyritic K-feldspar
quartz monzonite intrude the hornblende monzogranitegranodiorite-tonalite gneiss. These plutons produce strong
magnetic anomalies, similar to the hornblende-biotite
monzogranite intrusion in the centre of the map area (Figure 2). Intrusive contacts with the basement are covered by
glacial till, but the general location of the contacts can be inferred by their contrasting magnetic signatures as displayed
on the geophysical maps of the area, flown as part of this
project (see Steenkamp et al., 2018). The K-feldspar
phenocrysts range in length from 3 to 6 cm and locally have
slight rotation and elongation due to dynamic recrystallization (Figure 6b). Smaller clusters of mafic minerals include biotite and hornblende. A weak mineral foliation is
defined by lineated biotite aggregates and amphibole in a
quartz+plagioclase+K-feldspar groundmass. Mafic dykes
crosscut the intrusion but were not traced into the basement.
Potassium-feldspar phenocrysts are fractured, with sericite
and epidote overprinting the K-feldspar (Figure 6c). Sericite also replaces K-feldspar along phenocryst boundaries.
Smaller K-feldspar crystals (1–4 mm) within the groundmass are concentrated around plagioclase boundaries. The
margins of plagioclase and the K-feldspar in the groundmass are locally altered to sericite. Quartz in the groundmass is fine grained (0.1–0.5 mm) and occurs interstitially
between K-feldspar phenocrysts. Quartz is also concentrated along K-feldspar phenocryst fractures, likely as a result of recrystallization. Plagioclase in the groundmass is
medium grained (2–5 mm) and generally has stronger sericite alteration than the K-feldspar. Mafic minerals comprise aligned amphibole and biotite that define a foliation.
Areas rich in biotite and hornblende commonly contain the
retrograde mineral association epidote+titanite+magnetite
(Figure 6d). Most fine-grained quartz is likely due to later
recrystallization during deformation. The epidote, titanite
and magnetite association after amphibole is interpreted to
reflect a period of retrograde metamorphism.
Geochemical characteristics of two samples from two separate porphyritic K-feldspar monzonite plutons are relatively similar, with one sample slightly elevated in Na2O
(Figure 4). The REE profiles of the quartz monzonite are
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Figure 6: a) Representation of tectonic setting for granitic rocks using the Yb+Ta vs. Rb graph described by Pearce et al. (1984), with the intermediate and granite intrusions and basement gneiss plotting off the graph toward the origin. Abbreviations: syn-COLG, syn-collisional;
WPG, within-plate granite; VAG, volcanic-arc granite; ORG, orogenic granite. b) Hand sample of porphyritic K-feldspar quartz monzonite
with slightly deformed K-feldspar crystals ranging from 3 to 5 cm in size. c) thin-section photomicrograph of K-feldspar–phyric monzogranite with large, fractured K-feldspar and finer grained quartz patches (cross-polarized light, 5X magnification). d) thin-section photomicrograph of slightly deformed K-feldspar–phyric quartz monzonite with fractured and altered K-feldspar, and with biotite concentrated along
fractures; plagioclase, quartz and amphibole surround the K-feldspar phenocryst (cross-polarized light, 5X magnification). Mineral abbreviations: Amp, amphibole; Bt, biotite; Ep, epidote; Kfs, K-feldspar; Pl, plagioclase; Qz, quartz; Ser, sericite; Ttn, titanite.

similar to those of the other intrusions but lack a minor negative Eu anomaly (Figure 3f).

Supracrustal rocks
Supracrustal rocks are concentrated in the western portion
of the Gifford River study area (Figure 2). They comprise
biotite psammite with layers of banded iron formation,
metabasite, semipelite and metamorphosed ultramafic
flows. The contact between metasedimentary rocks and the
monzogranite-granodiorite-tonalite basement gneiss is
covered by glacial till, but pods of psammite occur in the
basement along inferred margins.

Biotite psammite and semipelite
Biotite psammite, the dominant rock type throughout the
metasedimentary unit, has a quartz+biotite+K-feldspar±
garnet assemblage. Locally, psammite also contains plagioclase±hornblende. Foliation is defined by biotite alignment
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and locally by quartz-biotite bands. Semipelitic rocks locally occur throughout the metasedimentary unit as small
pods. These rocks are medium grained and composed of
quartz+biotite+plagioclase+K-feldspar+white mica, with
some occurrences of garnet±sillimanite. Garnets in both
psammite and semipelite are concentrated along biotite-rich
layers.
Biotite abundance locally ranges up to 40% in some rocks.
Microbands of biotite+garnet±chlorite and quartz are observed in thin section (Figure 7a). Biotite bands are near
parallel and range from 1 to 2 mm thick. Quartz bands in the
psammite paragneiss contain fine-grained quartz and range
from 2 to 4 mm. Biotite crystals have many radiogenic haloes, likely from zircon or monazite inclusions. Where
white mica is present, it defines the foliation along with biotite. Where garnet porphyroblasts are present, they are concentrated inside biotite bands. Retrograde chlorite is observed replacing biotite around garnet porphyroblasts.
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Figure 7: Photo and thin-section photomicrographs of the supracrustal package on the western edge of the Gifford River study area: a) biotite-rich psammite with garnet porphyroblasts concentrated in biotite foliation; layers of quartz and biotite are defined (plane-polarized and
cross-polarized light); b) biotite reacting with white mica and sillimanite in biotite-rich psammite, with retrograde chlorite overprinting biotite
(cross-polarized light, 10X magnification); c) hand sample of fine-grained olivine cumulate that has been hydrothermally altered to serpentine; d) remnant olivine-grain boundaries in altered ultramafic rock with serpentine overprint and interstitial clinopyroxene, serpentine and
epidote, (plane-polarized and cross-polarized light, 5X magnification); e) plagioclase-rich metabasite with amphibole and rounded
plagioclase grains that have slight sericite alteration and later epidote overprinting amphibole (cross-polarized light, 5X magnification);
f) garnet-bearing metabasalt with amphibole and clinopyroxene in groundmass and retrograde chlorite concentrated along garnet boundaries and defining foliation in groundmass (cross-polarized light, 5X magnification). Mineral abbreviations: Amp, amphibole; Bt, biotite; Cal,
calcite; Chl, chlorite; Cpx, clinopyroxene; Ep, epidote; Grt, garnet; Kfs, K-feldspar; Pl, plagioclase; Qz, quartz; Sil, sillimanite; Srp, serpentine; Wm, white mica.
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Semipelitic rocks contain less biotite and more white mica
than the psammite. Some semipelite preserves biotite, garnet, sillimanite, quartz and white mica. Sillimanite is commonly observed forming around biotite crystals (Figure 7b), suggesting it is part of the peak assemblage.
Retrograde chlorite commonly replaces biotite in both the
psammitic and semipelitic rocks. Late sericite and calcite
alter much of the very fine grained matrix. Psammite contains a wide range of opaque minerals, including bornite,
chalcopyrite, pyrite, sphalerite and graphite, all occurring
in minor amounts (<1%) in the fine-grained groundmass.
Garnet porphyroblasts are likely a product of prograde
metamorphism. Sulphide minerals are concentrated along
fracture and foliation planes.

Metamorphosed ultramafic rocks and metabasites
Metabasite and ultramafic rocks are minor constituents
within the metasedimentary package and commonly occur
as semiconcordant layers that follow the foliation in the biotite psammite and semipelite. These layers range in composition from basalt to olivine websterite and some preserve primary magmatic layering. The layers are coincident
with high magnetic anomalies and are typically 3–15 m
thick. The metamorphosed ultramafic rocks contain coarsegrained orthopyroxene in a dark fine-grained groundmass.
A hand sample of a basal layer from one of the metamorphosed ultramafic layers has a network-like texture with a
dark interstitial mineral (Figure 7c). Crystal boundaries of
the altered cumulate mineral(s) are surrounded by chlorite
and serpentine (Figure 7d).
Metabasite rocks are rich in amphibole and can contain garnet. They are commonly proximal to banded iron formation
in the supracrustal unit. Similar to the metamorphosed ultramafic rocks, layers parallel the foliation in the surrounding
psammite. The metabasite ranges in composition, with
variable plagioclase and garnet abundance. In garnet-free
samples, subhedral and partially sericitized plagioclase is
the dominant mineral. Hornblende crystals are interstitial
to plagioclase crystals, likely reflecting the crystalloblastic
series (Figure 7e). Metabasite containing garnet porphyroblasts (5–7 mm) typically contains less plagioclase, can be
finer grained, and contains clinopyroxene, orthopyroxene,
amphibole, calcite and chlorite. The fabric is defined by
lineated amphibole and biotite. Calcite is interpreted as a
later phase caused by alteration during retrograde metamorphism. Chlorite is also concentrated around garnet
porphyroblasts and is replacing biotite (Figure 7f).

Banded iron formation
Banded iron formation (BIF) occurs both within the supracrustal unit and as pods in the basement gneiss. The BIF in
the supracrustal unit occurs as linear layers that range from
5 to 10 m thick and can extend up to 500 m, and is capped by
greenish white quartzite. Magnetite bands are 0.5–1 cm in
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width, with magnetite crystals displaying oxidation along
crystal rims. Bands of microcrystalline quartz range up to
1 cm wide and are clear to white, with minor hematite staining (Figure 8a). Quartz grains are elongated in the direction
of banding (Figure 8b). In some locations, quartz bands contain ~5% very fine grained hornblende crystals (Figure 8c).

Economic considerations
Previous studies of the mafic-ultramafic rocks in the Fury
and Hecla Geoscience Project area suggested the potential
for Ni-Cu-PGE mineralization (Bovingdon et al., 2018).
Samples were collected from large mafic bodies ranging in
composition from hornblende gabbro to pyroxenite. A
large layered mafic intrusion and adjacent ultramafic clinopyroxenite-hornblendite intrusion contains locally abundant pyrite and minor amounts of chalcopyrite. Results of
platinum-group element (ranging from 7 to 15 ppm Pt and
Pd) and gold assays show low mineralization potential, but
these rocks may warrant more detailed investigations (Figure 8d; Crocket, 1979).
Chandler et al. (1980) and Ciesielski and Maley (1980) targeted the hornblende-biotite monzogranite nonconformity
of the Proterozoic Fury and Hecla sedimentary basin and
discovered uranium values along the contact. These anomalies occur along faults and fractures that separate the basin
from the Archean basement rocks. Patzke et al. (2018) investigated the basal contact with a handheld gamma-ray
spectrometer, obtaining values marginally above background.

Future work
Future work consists of completing U-Pb geochronology
of the Archean to Paleoproterozoic basement gneiss,
granitoid intrusions and supracrustal rocks. Final refinement of the U-Pb data will allow interpretations and construction of the geological, magmatic and thermal-overprinting history. Additionally, model Hf ages will be
obtained from zircon grains. These data will be used to
better understand the origin and formation of the magma
body that was the source of the basement and granitoid intrusions. Furthermore, Hf isotope determinations on the
different populations of detrital zircons in the supracrustal
U-Pb samples can reveal crustal-growth episodes.
Samples collected in 2019 in the Jungersen River study
area (Lebeau et al., 2020), north of the current study area,
will be petrographically and geochemically examined to
improve understanding of the basement and granitoid mineralogy and geochemistry of the northern area. Specific
samples that encompass aspects of the basement and the
granitoid intrusions will be used for U-Pb geochronology
to improve understanding of the magmatic and thermal history of the entire Fury and Hecla area.
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Figure 8: Representative hand sample, thin-section photomicrographs and PGE concentrations of iron formation: a) hand sample of
banded iron formation pod in supracrustal package, displaying recrystallized quartz bands (1–3 cm) and magnetite- and hematite-rich layers (2–4 cm); b) banded iron formation with microscale (1 mm) bands of quartz and magnetite-hematite (plane-polarized and cross-polarized light); c) hornblende-bearing banded iron formation, with hornblende and biotite oriented parallel to banding of quartz and magnetite
(cross-polarized light, 10X magnification); d) Pt-Pd geochemistry of ultramafic units studied by Bovingdon et al. (2018). Mineral abbreviations: Amp, amphibole; Mag, magnetite; Qz, quartz.

Other planned work includes gaining a better understanding of the metasedimentary-mineral assemblages to estimate the pressure-temperature conditions of metamorphism. Further petrographic studies are required to reveal
mineral assemblages suitable for pressure-temperature determination. Currently, there is only one thin section containing the assemblage quartz+plagioclase+biotite+garnet+sillimanite in a semipelite and one containing the
assemblage garnet+clinopyroxene+hornblende+calcite in
a metabasite. These samples will be used for P-T estimates.
Based on the mineral assemblages in the supracrustal rocks,
the metamorphic grade is middle- to upper-amphibolite facies. This metamorphic grade is compatible with the presence of abundant metamorphic amphibole in metamorphosed banded iron formations and amphibolite lenses in
the basement rocks. The metamorphic grade is comparable
to adjacent areas such as Pond Inlet and Mary River (Skipton et al., 2017) and differs from that of rocks directly south
of the Fury and Hecla Group on Melville Peninsula that underwent granulite-facies metamorphism. Additionally, U-
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Pb geochronology using titanite in metaplutonic rocks can
be used to constrain the timing of titanite growth metamorphism if the mineral is metamorphic in origin.
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