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ABSTRACT

Numerous documented Ni–Cu–PGE occurrences occur in the Hurst and Retty lithotectonic zones, part of the Labrador
Trough in western Labrador and northeastern Québec. These occurrences are hosted in Paleoproterozoic mafic and ultra-
mafic sills, which were intruded during rift-related magmatism, in an extensional environment, associated with the formation
of pull-apart basins along the continental margin, prior to the New Québec Orogen.

In the summer of 2017, samples were collected from gabbro sills in the Howse Lake and the Moss Lake areas, western
Labrador, as well as from the Huckleberry prospect in Québec (approximately 80 km to the north-northwest of Howse Lake).
Samples were collected from aphyric and glomeroporphyritic gabbro sills as well as ultramafic sills. These have been subdi-
vided into mineralized (>5% sulphide minerals) and non-mineralized samples. This report presents petrographic descriptions
of mineralization (including SEM-MLA analysis of sulphides and PGE-minerals), as well as whole-rock lithogeochemistry
and sulphur isotope analysis.

Mineralization predominantly consists of variable proportions of pyrrhotite, chalcopyrite and pentlandite (± pyrite),
occurring as disseminations, blebs, patches and rarely, net-textured sulphides. Metal contents are highly variable, and min-
eralized samples from the Howse Lake area contain up to 0.41% Cu, 621 ppm Ni and low PGE contents (Pt + Pd <100 ppb),
whereas strongly mineralized samples from the Huckleberry area contain up to 1.22% Cu, 0.20% Ni, and 436 ppb Pt + Pd.
The SEM-MLA analysis has identified a number of discrete PGE minerals in samples from all areas, with a predominant
Pd–Bi–Te composition.

In the Howse Lake area, sulphur isotope data is consistent with the addition of crustal sulphur via assimilation of coun-
try rocks. High Cu/Pd ratios may be related to derivation under sulphur-saturated melting conditions, depletion of Pd via
early sulphide segregation during the ascent of magmas or the bulk assimilation of host sedimentary rocks, which are com-
monly enriched in Cu. Samples from the Moss Lake area have Cu/Pd ratios close to mantle values and sulphur isotope data
indicates sulphur was assimilated from the surrounding country rocks. In contrast, sulphur isotope data from mineralized gab-
bros from the Huckleberry area indicate a dominantly magmatic sulphur source, and the high Cu/Pd ratios must be a feature
of the magmas, inherited from source melting or via depletion of the magma during earlier sulphide segregation.

INTRODUCTION

Magmatic sulphide deposits form via the segregation of
an immiscible sulphide liquid from a silicate magma.
Because of enhanced elemental partition coefficients, the
sulphide liquid will become relatively enriched in Ni, Cu,
and PGEs compared to the silicate melt. These types of
deposits are a major global source of Ni and PGE, also pro-
viding significant quantities of Cu and Co as by-products
(e.g., Barnes and Lightfoot, 2005; Naldrett, 2010).

In the Labrador Trough region of western Labrador and
northeastern Québec, a series of rift-related mafic and ultra-
mafic sills intrude sulphide-rich sedimentary rocks in differ-
ent fault-bonded tectonic zones. Geologically, these gabbro
sills exhibit many of the criteria suggested for potential
hosts for magmatic Ni–Cu–PGE deposits (Barnes et al.,
2016). There are numerous Ni–Cu–PGE occurrences within
the Labrador Trough (Clark and Wares, 2005), and signifi-
cant base-metal and PGE values are recorded from several
showings, including the Frederickson Lake, Huckleberry
and the Lac Retty prospects.
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In the summer of 2017, samples were collected from
gabbro sills in the Howse Lake (NTS map area 23O/01) and
Moss Lake areas (NTS map area 23I/08) (Figure 1).
Samples were also collected from the Huckleberry prospect,
located approximately 80 km to the north-northwest of
Howse Lake in Québec (Figure 1). Recent exploration at the
Huckleberry prospect identified significant Cu–Ni–PGE
mineralization, with 98 grab samples having an average
grade of 1.0% Cu, 0.2% Ni and 0.72 g/t PGE, with highs of
14% Cu, 1.2% Ni and 17g/t PGE + Au from individual grab
samples (Vaillancourt et al., 2016). The geological setting of
gabbro sills in Labrador was described in detail by Smith et
al. (2018), and whole-rock geochemical data from the
Howse Lake and Moss Lake areas were published in
Conliffe and Smith (2018). This report summarizes addi-
tional results of a recently completed B.Sc. thesis at
Memorial University (Smith, 2018). In addition to petro-
graphic studies, this project included whole-rock lithogeo-
chemistry and sulphur isotope analyses. The results from all
three study areas are compared, with the aim of determining
common factors that contributed to mineralization.

REGIONAL SETTING

STRATIGRAPHY

The Labrador Trough, located in western Labrador and
northeastern Québec, is composed of three cycles of
Paleoproterozoic sedimentary and volcanic rocks collective-
ly forming the Kaniapiskau Supergroup (Frarey and Duffell,
1964; Zajac, 1974; Wardle and Bailey, 1981; Le Gallais and
Lavoie, 1982; Clark and Wares, 2005). Geochronological
data imply that these cyclic sequences formed between 2.17
and 1.87 Ga (Rohon et al., 1993; Findlay et al., 1995;
Machado et al., 1997; Bleeker and Kamo, 2018). 

Cycle 1 rocks consist of an intercratonic rift basin
sequence (Seaward Formation) overlain by the passive mar-
gin sequence of the Swampy Bay and Attikamagen groups
(Le Fer, Denault, Fleming and Dolly formations). Cycle 2
consists of two laterally equivalent sequences, the Ferriman
Group in the west and the Doublet Group in the east. The
Ferriman Group is a transgressive sequence that progresses
from shelf-type rocks of the Wishart Formation (sandstone
and siltstones) and the Sokoman Formation (iron formation)
at the base, to deeper water turbidites (and minor basalts) of
the Menihek Formation at the top. The intermediate to mafic
volcanic rocks of the Nimish Formation are interbedded
with the Sokoman Formation in the Dyke Lake area (Evans,
1978). The Doublet Group is interpreted to represent deeper
water equivalents of the upper Ferriman Group (Clark and
Wares, 2005), comprising pyroclastic rocks of the Murdoch
Formation at the base, overlain by siltstones and black
shales of the Thompson Lake Formation and basalts of the

Willbob Formation. Locally, Cycle 2 is unconformably
overlain by the Tamarak River Formation, which consists of
arkosic rocks interpreted as a synorogenic foredeep molasse
sequence (Cycle 3).

Throughout the central regions of the Labrador Trough,
the rocks of Cycle 1 and Cycle 2 are intruded by mafic to
ultramafic sills of tholeiitic affinity, which were traditional-
ly grouped together as the Montagnais Group or the
Montagnais sills (Frarey and Duffell, 1964; Baragar, 1967;
Skulski et al., 1993; Findlay et al., 1995). However,
geochronological constraints now indicate at least two dis-
crete magmatic episodes (Rohon et al., 1993; Findlay et al.,
1995; Bleeker and Kamo, 2018). Rohon et al. (1993) report-
ed a U–Pb zircon age of 2196 ± 4 Ma from a felsic differ-
entiate of a gabbro sill that intruded the Seward Group.
Chemical abrasion ID-TIMS data from multiple, single-zir-
con grains, in a glomeroporphyritic gabbro sill that intruded
the Menihek Formation, yield a concordant U–Pb age of
1878.5 ± 0.8 Ma (Bleeker and Kamo, 2018). The earlier
phase of igneous activity is interpreted to have been associ-
ated with the initial rift phase of the Labrador Trough at ~2.2
Ga (Wardle and Bailey, 1981). The later phase of igneous
activity may represent magmatism in pull-apart basins
reflecting pre-collisional dextral transtension along the
Superior margin (Skulski et al., 1993). Recently, Bleeker
and Kamo (2018) suggested that the later craton-scale
Circum-Superior Belt magmatism was caused by hot mantle
upwelling.

Bilodeau and Caron-Côté (2018) proposed that the term
“Montagnais sills” be replaced, and that all mafic to ultra-
mafic sills in the Labrador Trough be subdivided into two
discrete suites based on the volcano-sedimentary sequence
that they intrude, regardless of their age or interpreted ori-
gins. Mafic sills intruding Cycle 1 rocks (Seward, Swampy
Bay and Attikamagen groups) were assigned to the Wakuach
Intrusive Suite, and all mafic sills that intruded Cycle 2
rocks were grouped together with ultramafic sills in the
Retty Lake area (formerly Retty Peridotite) into the Gerido
Intrusive Suite.

Lithotectonic Zones

The Labrador Trough is divided into eleven lithotecton-
ic zones, each with a characteristic stratigraphy and bound-
ed by major thrust faults. Collectively, these terranes consti-
tute an imbricated thrust stack, formed from thrusting dur-
ing the final accretionary stages of the New Québec Orogen
(Clarke and Wares, 2005).

All samples collected for this study are from within the
Hurst and Retty lithotectonic zones. The Hurst Zone is com-
posed of a thin sequence of Attikamagen Group sedimenta-
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Figure 1. Simplified geology map of the Labrador Trough in western Labrador and northeastern Québec, showing location
of samples collected during 2017 fieldwork. Geology adapted from Wardle (1982) and Thériault and Beauséjour (2012). Inset
map showing lithotectonic zones of the Labrador Trough (adapted from Clark and Wares, 2005).
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ry rocks overlain by the Ferriman Group. The Ferriman
Group in the Hurst Zone consists primarily of Menihek
Formation shales, siltstones and argillites, and it is host to
numerous shale-hosted sulphide occurrences having elevat-
ed Cu contents (Swinden and Santaguida, 1993, 1994).The
Menihek Formation is also intruded by numerous aphyric
and glomeroporphyritic gabbro sills. The Retty Zone is
bounded by the Walsh Lake Fault to the west, and is thrust
over the Hurst Zone in the study area (Wardle et al., 1990).
The Retty Zone is composed of the Willbob, Thompson
Lake and Murdoch formations of the Doublet Group, con-
taining numerous mafic and ultramafic sills (Clark and
Wares, 2005). Shales and siltstone of the Thompson Lake
Formation correlate with the middle part of the Menihek
Formation in the Hurst Zone (Findlay et al., 1995; Clark and
Wares, 2005).

PREVIOUS EXPLORATION

Although the potential of the Montagnais Gabbro sills
to host Ni–PGE mineralization was noted by Bloomer
(1955), subsequent exploration by Labrador Mining and
Exploration focused on shale-hosted sulphide occurrences
in the Menihek Formation. In 1989, Cliff Resources Corp.
and Canaustra Gold Exploration Ltd. investigated the
Montagnais Gabbro in the Howse Lake area for base-metal,
PGE, and Au deposits (Findlay and Fowler, 1989). Although
sulphide-rich zones were described, the potential for eco-
nomic deposits of precious-metal mineralization was con-
sidered to be poor based on the low Ni, Cu and PGE assays
(Findlay and Fowler, 1989; Findlay et al., 1990). In 1992
Falconbridge Ltd. explored the Moss Lake area. Prospecting
and lithogeochemical surveys were conducted to investigate
the Montagnais Gabbro for Ni–Cu occurrences, and anom-
alous results included assay values of up to 0.98% Cu in
coarse-grained gabbro (Butler and McLean, 1992).

Several Ni–Cu–PGE occurrences are reported from
Montagnais Gabbro sills in Québec (Clark and Wares,
2005). Although most of these occurrences are considered to
be minor, significant base-metal and PGE values are record-
ed from a few showings, including the Frederickson Lake
and Huckleberry showings in the Hurst Zone. Prospecting
activity at Frederickson Lake, located ~12 km southeast of
the Howse Lake area, reported grades of up to 3.99% Cu,
1.03% Ni and 0.69 g/t Pt + Pd from grab samples of miner-
alized gabbro (Scott et al., 1988). The Huckleberry showing
has been the focus of recent exploration by Northern Shield
Resources, including prospecting and diamond drilling.
Ninety-eight grab samples of mineralized glomeropor-
phyritic and olivine-bearing gabbros returned average
grades of 1.0% Cu, 0.2% Ni and 0.72 g/t PGE, with highs of
14% Cu, 1.2% Ni and 17g/t PGE + Au from individual grab
samples (Vaillancourt et al., 2016).

GEOLOGY AND PETROGRAPHY

All gabbro sills examined during this study intrude
Cycle 2 shales and siltstones of the Menihek Formation,
Ferriman Group (Hurst Zone), and the Thompson Lake
Formation, Doublet Group (Retty Zone), and are therefore
part of the Gerido Intrusive Suite (Bilodeau and Caron-
Côté, 2018). The sills generally range in thickness from
<100 to 500 m (Findlay, 1996), but increase to ~2000 m in
the Huckleberry area (Vaillancourt et al., 2016). They typi-
cally exhibit some degree of differentiation, exhibited as
rhythmic layering, cumulate oxide horizons, or variations in
phenocryst abundance (Findlay, 1996). The sills have well
developed chilled margins (Plate 1A). The presence of large
aggregates of plagioclase crystal (glomerocrysts) is a char-
acteristic feature of the gabbro, the abundance of glomero-
crysts defines two main variants, namely aphyric gabbro and
glomeroporphyritic gabbro (Baragar, 1967; Findlay, 1996).

Aphyric gabbro is the volumetrically most abundant
rock type, comprising fine- to medium-grained, aphyric to
sparsely glomeroporphyritic gabbro with <10% glomero-
crysts by area (Plate 1B). The gabbro consists predominant-
ly of sub- to euhedral plagioclase and augite, lesser amounts
of orthopyroxene and hornblende, and minor Fe–Ti oxides
and sulphides. Olivine is rare, and, where present, is com-
monly altered to serpentine, chlorite and Fe–Ti oxides.
Aphyric gabbros typically have ophitic to subophitic tex-
tures (Plate 2A, B). Mesocumulate textures have also been
recorded in some gabbros.

Glomeroporphyritic gabbro contains >20% plagioclase
glomerocrysts, and is generally located in sill centres with
gradational contacts through the enclosing aphyric gabbro
(Findlay, 1996). The glomerocrysts are commonly irregular-
ly shaped and 1–5 cm in diameter (Plate 1C), but large
spherical glomerocrysts >10 cm in diameter have been
recorded (Plate 1D). The glomerocrysts consist of numerous
subhedral to euhedral, equant plagioclase crystals with inter-
stitial plagioclase, and minor augite and Fe–Ti oxides.
Sericitization and saussuritization is common, particularly
in the cores of the glomerocrysts (Plate 2C). The outer rim
of the glomerocrysts is commonly embayed and displays
resorption textures, and an outer rim of more sodic plagio-
clase occurs on some glomerocrysts (Plate 2C). The ground-
mass between glomerocrysts is similar to that of the aphyric
gabbro, consisting of plagioclase, augite, hornblende,
orthopyroxene, Fe–Ti oxides and sulphides. Plagioclase
crystals in the groundmass typically do not display the same
degree of alteration as those in the glomerocryts.

Findlay (1996) noted that plagioclase crystals in the
groundmass were orientated in a concentric pattern around
the glomerocrysts, and in conjuction with the resorption tex-
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tures and sodic rims. Such observations indicate that the
glomerocrysts formed prior to crystallization of the ground-
mass (possibly as flotation cumulates in a feeder magma
chamber) and subsequently entrained in the magma during
injection of the gabbro sills (Findlay, 1996).

Ultramafic rocks are recorded from the Huckleberry
area, where olivine websterite and peridotite sills crosscut
earlier aphyric and glomeroporphyritic gabbro
(Vaillancourt et al., 2016). These ultramafic units consist
predominantly of pyroxenes (augite and orthopyroxene),
hornblende and olivine (commonly altered to chlorite, epi-
dote and Fe–Ti oxides), with numerous, highly irregular,
plagioclase glomerocrysts having highly embayed margins,
which likely became entrained in the magma. A possible
olivine gabbro sill was also observed in the Howse Lake
area, where a glomeroporphyritic gabbro with >50% glom-

erocryts was intruded by a Fe–Ti oxide-rich gabbro with
numerous epidote veins. Petrographic examination of this
magnetite-rich gabbro shows that magnetite pseudomorphs
olivine (Plate 2D), and this may represent a strongly altered
olivine gabbro.

Sulphide Mineralization

Sulphide mineralization occurs in aphyric gabbro,
glomeroporphyritic gabbro and olivine websterite. Visual
estimation of sulphide content ranges from <1% in dissemi-
nated mineralization, up to 15‒20% sulphides in the most
highly mineralized samples. The abundance of sulphide
varies between the three study areas; samples from the
Huckleberry area have the highest percentage of sulphides
(commonly >10%) and samples from the Moss Lake area
containing only traces of sulphides (<2%).

5

Plate 1. Selected photographs from 2017 fieldwork. A) Contact between sulphide-rich Menihek Formation sediments (bottom)
and chilled margin of gabbro sill, from the Howse Lake area; B) Aphyric gabbro in the Howse Lake area, with abundant dis-
seminated sulphides; C) Outcrop of glomeroporphyritic gabbro in the Howse Lake area, with ~40% plagioclase glomero-
crysts; D) Glomeroporphyritic gabbro from the Huckleberry area, with large (up to 10 cm) round ‘snowball’ plagioclase
glomerocrysts.
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Mineralization consists of various proportions of
pyrrhotite, chalcopyrite and pentlandite (± pyrite).
Pyrrhotite is the dominant sulphide (Plate 3A), with chal-
copyrite located on the margins of pyrrhotite grains (Plate
3B) or as discrete grains and fine disseminations in the sili-
cate phase. Pentlandite is observed as both exsolution from
pyrrhotite and as blebs within sulphide aggregates (Plate
3C). In aphyric gabbro sills, the sulphides occur as dissemi-
nations, blebs and patches (Plate 3A). Locally, the patches
form net-textures in the most highly mineralized samples.
Glomeroporphyritic gabbros contain sulphide mineraliza-
tion within the groundmass interstitial to the plagioclase
glomerocrysts, with some samples from the Huckleberry
area containing >50% sulphides in the interstitial ground-

mass (Plate 3D). Ultramafic samples from the Huckleberry
area contain 2–5% finely disseminated sulphides.

In the Howse Lake area, sulphide droplets were
observed in the chilled margin of a gabbro dyke, <5 m from
the contact with sulphide-rich sedimentary host rocks. These
droplets are rounded and up to 5 mm in diameter. They con-
sist primarily of pyrrhotite, have a cap of chalcopyrite and
medium-grained silicate minerals (Plate 3E), and are inter-
preted to represent remnants of sulphide melt and vapour
bubbles, which were frozen in the chilled margins of the sills
and which may be related to assimilation of sulphide-rich
country rocks (Barnes et al., 2017).

6

Plate 2. Photomicrographs of gabbro samples. A) Poikilitic texture in gabbro from the Howse Lake area, with euhedral pla-
gioclase in clinopyroxene oikocryst (plane-polarized light, sample 17JC034A02); B) Same view as A, in cross-polarized light;
C) Plagioclase glomerocryts in glomeroporphyritic gabbro from the Howse Lake area, showing more sodic rim, embayed edge
due to resorption and altered centre of glomerocryt with plagioclase replaced by sericite (cross-polarized light, sample
17JC063A01); D) Fe–Ti oxide-rich gabbro from the Howse Lake area, with magnetite pseudomorphing olivine and epidote
veinlet (cross-polarized light, sample 17JC038B01).
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Plate 3. A) Composite image of SEM-MLA false colour map and BSE image of aphyric gabbro from the Howse Lake area
(sample 17JC034A02) with disseminated to patchy pyrrhotite (green), chalcopyrite (yellow) and minor pentlandite (red); B)
Bleb of pyrrhotite (Po) with rim of chalcopyrite (cpy) (reflected light, sample 17JC034A01); C) Interstitial pyrrhotite (Po)
with minor pentlandite (Pn) from groundmass of glomeroporphyritic gabbro in the Moss Lake area; D) Mineralized glom-
eroporphyritic gabbro from the Huckleberry area (sample 17JC091A02), with abundant pyrrhotite and chalcopyrite intersti-
tial to glomerocrysts; E) Sulphide droplet from chilled margin of gabbro sill, with dominant pyrrhotite (Po) composition and
cap of chalcopyrite (cpy) and silicates (Sil).
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Platinum Group (PGE) Minerals

Discrete PGE minerals in gabbro and olivine websterite
samples from the Howse Lake, Huckleberry and Moss Lake
areas were identified during SEM-MLA analysis. Individual
PGE mineral grains vary in size from 1 to 11 µm across, and
occur as either round equant grains, or irregular and lath-
shaped grains. The PGE minerals occur within and along the
margins of pyrrhotite, pentlandite, and rarely chalcopyrite
grains (Plate 4A, B). The elements present in PGE minerals
were determined using energy dispersive X-ray (EDX) spec-
trometry during EM-MLA analysis, which is capable of
determining the chemical composition of the mineral rather
than directly identifying the mineral phase. The Pd-bearing
PGE minerals are the most common type identified, with the
majority of PGE minerals having a chemical composition of
Pd–Bi–Te. The Pt-bearing PGE minerals are rare, with a sin-
gle Pt–Pd–Bi–Te mineral observed in one sample from the
Huckleberry area. The PGE minerals with the chemical
composition Pd–Ag–Pb–Te and Pd–Te–Se were recorded in
a single sample from the Moss Lake area, whereas three
Pd–Hg–Te minerals were recorded in a sample from the
Howse Lake area.

GEOCHEMISTRY

Geochemical data were collected from 63 samples of
sulphide-bearing, mafic and ultramafic units, with 41 from
the Howse Lake area, 10 from the Moss Lake area and 12
from the Huckleberry area. Sample descriptions and UTM
coordinates of samples from the Howse Lake and Moss
Lake area are given in Conliffe and Smith (2018), and the
locations of the samples are shown in Figure 1.

ANALYTICAL METHODS

All samples selected for geochemical analysis were pre-
pared at the GSNL geochemistry laboratory in St. John’s.
Major-element compositions (plus Cr, Zr, Be, Sc and Ba)
were analyzed by ICP-OES methods, following lithium
tetraborate and metaborate fusion. The REE and selected
trace elements were determined by ICP-MS analysis fol-
lowing an identical sample digestion procedure, whereas
other trace elements (As, Cd, Co, Cu, Li, Ni, Pb, Rb, V, Zn)
were analyzed by ICP-MS after total acid digestion. The
Loss-on-Ignition (LOI) was calculated after heating the
sample to 1000°C. The Pd, Pt and Au contents were ana-
lyzed at Actlabs using the protocol outlined in Conliffe and
Smith (2018). Analytical duplicates were inserted at a fre-
quency of one in 20, with the duplicate selected at random.
In addition, a selection of reference standards was analyzed,
also at a frequency of one in 20. Full geochemical data and
methods are outlined in Conliffe and Smith (2018).

Major- and Trace-Element Contents

Major-element and trace-element data indicate very lit-
tle variation in gabbro composition between the three study
areas. The samples have been subdivided based on the rock
type (aphyric gabbro, glomeroporphyritic gabbro, olivine
websterite or Fe–Ti oxide-rich gabbro) and the degree of
mineralization (non-mineralized with <5% visible sulphides
and mineralized with >5% visible sulphides). Selected
major- and trace-element geochemical data are summarized
in Table 1.

The major-element contents of aphyric and glomero-
porphyritic gabbros are similar (Figure 2), where Al2O3 is
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Plate 4. A) Pd–Bi–Te PGE mineral in pyrrhotite with extensive pentlandite exsolution in the Howse Lake area (SEM backscat-
ter image, sample 17JC100A02); B) Pd–Bi–Te PGE mineral on margin of chalcopyrite (cpy) grain from the Moss Lake area
(SEM backscatter image, sample 17JC088A02).



J. CONLIFFE, A. SMITH AND D. WILTON

9

Table 1. Summary of lithogeochemical data from major rock types, showing average values (Av.) and standard deviations (St.Dev.). All
oxides are given in wt. %, trace elements in ppm and Pd, Pt and Au in ppb. FeOT – total iron as ferrous iron; Mg# ‒ [molecular
MgO/(MgO+FeOT)]*100; dl ‒ concentration is below detection limit. Full analytical data for samples from the Howse Lake and Moss Lake
areas, including standards and duplicates, are given in Conliffe and Smith (2018)

Aphyric Gabbro Glomeroporphyritic Gabbro Olivine Websterite Fe–Ti Oxide

Non-mineralized Mineralized Non-mineralized Mineralized Mineralized Gabbro

n 29 13 13 7 2 1

Av. St.Dev. Av. St.Dev. Av. St.Dev. Av. St.Dev. Av. St.Dev.

SiO2 48.23 1.20 45.02 2.42 47.06 0.70 45.06 1.86 41.32 0.14 41.50
Al2O3 15.40 2.54 14.89 2.22 21.95 1.98 19.24 1.18 8.40 1.67 11.89
Fe2O3T 11.52 2.30 15.55 4.34 7.72 1.59 11.69 2.01 16.18 0.07 22.69
FeOT 10.36 2.07 14.00 3.91 6.95 1.43 10.51 1.81 14.56 0.06 20.41
Fe2O3 1.65 0.58 1.67 1.17 1.47 0.42 1.26 0.39 3.94 - 7.88
FeO 8.78 1.98 9.86 1.75 5.63 1.32 9.40 1.90 10.98 - 13.33
MgO 7.03 1.20 7.99 2.09 4.11 1.42 5.10 1.46 20.43 2.28 6.38
CaO 11.29 1.63 9.97 1.03 12.07 1.64 11.59 0.47 4.83 0.42 10.73
Na2O 2.10 0.77 1.74 0.48 2.60 0.63 1.95 0.33 0.28 0.02 1.57
K2O 0.35 0.28 0.24 0.28 0.36 0.25 0.35 0.17 0.40 0.40 0.15
TiO2 0.940 0.350 0.821 0.303 0.602 0.217 0.786 0.218 0.462 0.061 2.389
MnO 0.192 0.049 0.193 0.036 0.125 0.021 0.145 0.029 0.198 0.009 0.208
P2O5 0.069 0.027 0.056 0.027 0.048 0.020 0.051 0.029 0.036 0.013 0.039
LOI 2.31 0.83 2.78 1.00 2.72 0.73 2.77 0.91 5.94 0.79 1.91
Total 99.42 0.73 99.26 0.71 99.36 0.94 98.72 0.69 98.47 0.42 99.44
Mg# 54.83 5.80 50.52 10.84 50.52 5.14 45.94 11.12 71.34 2.37 35.77

Cr 185 148 281 130 81 64 131 41 599 566 6
Ba 77 94 89 191 82 64 75 35 15 2 35
Sc 39 8 33 9 22 5 24 5 21 1 55
Zr 49 17 44 17 33 14 42 22 34 10 36
As 2 3 4 5 2 3 1 0 dl dl dl
Cd 0 0 0 0 0 0 0 0 0 0 0
Co 48 11 115 61 30 10 86 37 160 25 77
Cu 152 131 1746 1087 132 121 4777 4823 3441 1752 462
Li 14 8 11 6 12 8 14 8 10 9 8
Ni 88 43 391 177 60 43 821 703 1435 435 77
Pb 16 15 25 44 dl dl 35 35 4 4 dl
Rb 13 11 10 8 13 11 15 8 29 29 12
V 295 92 265 82 177 63 262 54 160 18 1676
Zn 80 45 77 13 64 46 90 34 119 38 70
Ga 15 2 14 2 17 2 16 1 7 1 17
Ge 1.5 0.4 1.4 0.3 1.3 0.3 1.3 0.2 1.4 0.1 dl
Sr 120 39 105 23 187 44 184 27 30 2 97
Y 15 5 13 6 10 4 12 4 8 1 12
Nb 3 1 2 1 2 0 2 1 2 - 2
La 2.8 1.5 2.2 1.1 2.3 1.3 2.2 1.5 dl dl 1.5
Ce 7.3 2.6 6.1 2.6 4.7 2.2 5.9 2.4 3.4 0.2 4.6
Pr 1.2 0.4 1.0 0.4 0.8 0.3 1.0 0.4 0.6 0.0 0.8
Nd 6.0 2.1 5.1 2.3 3.9 1.6 4.8 1.9 3.0 0.1 4.5
Sm 2.0 0.7 1.6 0.7 1.2 0.5 1.5 0.6 1.1 0.2 1.4
Eu 0.8 0.3 0.7 0.3 0.6 0.1 0.6 0.2 0.4 0.0 0.6
Tb 0.5 0.2 0.4 0.2 0.3 0.1 0.4 0.1 0.3 0.0 0.4
Gd 2.6 0.9 2.3 1.1 1.8 0.7 2.1 0.9 1.5 0.2 2.1
Dy 3.1 1.0 2.6 1.1 2.0 0.7 2.4 0.9 1.7 0.2 2.3
Ho 0.6 0.2 0.5 0.2 0.4 0.2 0.5 0.2 0.3 0.0 0.5
Er 1.9 0.6 1.7 0.8 1.3 0.5 1.5 0.5 1.0 0.1 1.6
Tm 0.3 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.0 0.2
Yb 1.8 0.6 1.5 0.7 1.1 0.4 1.4 0.5 1.0 0.1 1.5
Lu 0.3 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.0 0.2
Hf 1.3 0.5 1.1 0.5 0.8 0.4 1.1 0.7 0.8 0.1 1.1
Th 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 - dl
U 0.1 0.0 0.2 - 0.1 0.0 dl dl dl dl dl

Pd 14 19 28 28 7 5 128 137 209 49 dl
Pt 11 12 17 10 4 2 44 46 61 17 dl
Au 5 3 13 7 3 1 19 12 35 7 dl
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Figure 2. Major-element oxide vs. MgO plots for mineralized and non-mineralized samples from the Howse Lake, Moss Lake
and Huckleberry areas.
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elevated (due to higher plagioclase content) and MgO and
Fe2O3 are slightly depleted in the glomeroporphyritic gab-
bros. Mineralized samples are characterized by higher Fe2O3

contents and associated lower contents of other major-ele-
ment oxides, due to the dilution effect of the higher propor-
tion of pyrrhotite. Two olivine websterite samples from the
Huckleberry area are characterized by higher MgO contents
and lower SiO2, Al2O3, CaO and Na2O contents (Figure 2).
A single Fe–Ti oxide-rich gabbro sample from the Howse
Lake area has high Fe2O3 and TiO2 contents.

The concentration of REE and other trace elements are
displayed on primitive mantle-normalized extended trace-
element plots in Figure 3. These indicate that the various
rock types are very similar in composition, and do not dis-
criminate between mineralized and non-mineralized sam-
ples, indicating a common origin. With the exception of the
large-ion lithophile elements (LILE) Rb and Ba, all samples
have relatively flat profiles on the primitive‒mantle normal-
ized diagrams, and most trace-element compositions rang-
ing from approximately 0.8 to 10 X primitive mantle. Some
samples define slight depletions in Th and P. Chondrite-nor-
malized REE multi-element diagrams show that all samples
have flat REE profiles, with positive Eu anomalies in some
samples (particularly in the glomeroporphyritic gabbros;
Figure 4).

Immobile elements, including the high field-strength
elements (HFSE) and REE, are preferred for lithogeochem-
ical interpretations due to the variable alteration of the sam-
ples and the dilution effects created by sulphide mineraliza-
tion. Based on the Zr/TiO2 vs. Nb/Y discrimination diagram
of Pearce (1996), all samples are classified as basaltic
(Figure 5A). The Th/Yb vs. Zr/Y discrimination diagram of
Ross and Bédard (2009) is used to determine the magmatic
affinity of volcanic rocks, and for the samples from this
study indicate a tholeiitic affinity (Figure 5B).

In Figure 5C, the samples are plotted on the Pearce
(2008) Th–Nb crustal input plot, which uses the Th and Nb
content as a proxy for crustal-derived geochemical variance
(both these elements are immobile during weathering and
behave similarly during most petrogenetic processes). With
the exception of one mineralized aphyric gabbro sample, all
samples plot within the more primitive MORB-OIB array
(transitional between N-MORB and E-MORB) indicating
minimal contamination by crustal assimilation.

Metal Content

Non-mineralized gabbro samples from all areas have
low Cu and Ni contents (<572 and <183 ppm, respectively).
Mineralized gabbro (aphyric and glomeroporphyritic) sam-
ples from the Howse Lake and Huckleberry areas are char-

acterized by elevated Cu and Ni contents. With the exception
for two strongly mineralized glomeroporphyritic gabbros
from the Huckleberry area, Cu contents range from 381 to
4147 ppm and Ni contents from 95 to 621 ppm, with Cu/Ni
ratios of 2.3 to 7.6. Two mineralized olivine websterite sam-
ples from the Huckleberry area contain 2202 to 4679 ppm Cu
and 1128 to 1743 ppm Ni, with Cu/Ni ratios of 2 to 2.7.

All samples were also assayed for Pt, Pd and Au.
Generally, contents of these metals were low (<100 ppb
combined PGE + Au), with elevated values up to 464 ppb
PGE + Au in strongly mineralized glomeroporphyritic gab-
bro and olivine websterite from the Huckleberry area.
Samples from the Howse Lake and Moss Lake areas have
highly variable Pd/Pt ratios (0.2 to 3.9). In comparison, sam-
ples from the Huckleberry area are consistently enriched in
Pd compared to Pt (Pd/Pt ratios of 2.2 to 4.3).

The Cu/Pd ratio can be used to determine the conditions
under which sulphides in magmatic systems formed (Barnes
et al., 1993). When a sulphide liquid segregates from a sili-
cate magma, Pd partitions into the sulphide liquid with a
partition coefficient ~1000 times greater than Cu. Therefore,
if the sulphide liquid has equilibrated with a large volume of
silicate magma (R-factor is >1000), Pd is enriched in the
sulphide liquid and the Cu/Pd ratio will show an enrichment
in Pd compared to normal mantle values (1000 to 10 000;
Barnes et al., 1993; Barnes and Lightfoot, 2005). If Cu/Pd
ratios are greater than normal mantle values (i.e., >10 000),
Pd is depleted relative to Cu. Elevated Cu/Pd ratios may be
related to derivation under sulphur-saturated melting condi-
tions, or the depletion of Pd via early sulphide segregation
during the ascent of magmas. In addition, it has been sug-
gested that elevated Cu/Pd ratios may be useful as a
prospecting tool, as depletion of Pd via early sulphide seg-
regation may indicate that the sample may be located strati-
graphically above or downstream from a potential deposit
(Barnes et al., 1993).

The Cu/Pd ratios of samples from the Howse Lake,
Moss Lake and Huckleberry areas are shown in Figure 6.
Samples from the Howse Lake and Huckleberry areas are
generally depleted in Pd (Cu/Pd > mantle values), with some
non-mineralized aphyric gabbros from the Howse Lake area
plotting in the field expected for mantle values. In contrast,
non-mineralized aphyric and glomeroporphyritic gabbros
from the Moss Lake area generally plot in, or close to, the
field expected for normal mantle values, indicating little
fractionation of Cu and Pd.

IN-SITU SULPHUR ISOTOPE ANALYSIS

In-situ SIMS (Secondary Ion Mass Spectrometer)
analysis of δ34S ratios in pyrrhotite and chalcopyrite were

11
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Figure 3. Primitive mantle-normalized multi-element patterns for mineralized and non-mineralized samples from the Howse
Lake, Moss Lake and Huckleberry areas (normalizing values from Sun and McDonough, 1989).
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Figure 4. Chondrite-normalized REE patterns for mineralized and non-mineralized samples from the Howse Lake, Moss Lake
and Huckleberry areas (normalizing values from Sun and McDonough, 1989).
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performed on samples of gabbro and sulphide-rich shales
from the Howse Lake, Moss Lake and Huckleberry areas,
and are summarized in Table 2. Sulphur isotope data were
obtained for sulphide minerals in five gabbro samples and
one shale sample from the Howse Lake area (16 point
analyses), two gabbro samples and one shale sample from
the Moss Lake area (5 point analyses) and two gabbro sam-
ples and one shale sample from the Huckleberry area (18

point analyses). In total, 39 δ34S spot analyses were
obtained from two different minerals (chalcopyrite, n = 23;
pyrrhotite, n = 16).

All analyses were performed at the SIMS laboratory,
MAF-IIC Microanalysis Facility, Memorial University.
Samples were mounted in polished epoxy sections and sput-
ter coated with 300Å of Au prior to analysis by the Cameca

14

Figure 5. Trace-element data for mineralized and non-mineralized samples plotted on selected discrimination diagrams. A)
Zr/Ti vs. Nb/Y rock classification diagram (Pearce, 1996); B) Th/Yb vs. Zr/Y–discrimination diagram (Winchester and Floyd,
1977; modified by Ross and Bedard, 2009), showing tholeiitic, transitional and calc-alkaline fields; C) Th/Yb vs. Nb/Yb
crustal input plot (after Pearce, 2008).
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IMS 4f Secondary Ion Mass Spectrometer (see Bruekner et
al., 2015 for full analytical methods). Where possible, mul-
tiple grains of each phase were analyzed for δ34S in each
sample to define possible variations in the isotope composi-
tion. Overall reproducibility, based on replicate standard
analyses, is typically better than ± 0.4‰ (1σ). Results for the
in-house sulphide standards, measured 34S/32S ratios and the
calculated instrument mass fractionation (IMF) factors are
summarized in Smith (2018). All values are reported in ‰
VCDT (Vienna Canyon Diablo Troilite).

Sulphur Isotope Data

The δ34S ratios for chalcopyrite and pyrrhotite from
gabbro samples in the Howse Lake area define a bimodal
distribution, with populations between 3.6 to 4.2‰ and 8 to
12.7‰, respectively. The δ34S ratios of chalcopyrite and
pyrrhotite in sulphide-rich shales from Howse Lake range
from 2.6 to 5.5‰. The sulphur isotope data in gabbro sam-
ples from the Moss Lake area range from 1 to 3.6‰, with a
value of 1‰ from a single spot analysis of chalcopyrite in a

15

Figure 6. Plot of Cu/Pd vs. Pd for mineralized and non-mineralized samples from the Howse Lake (A), Moss Lake (B) and
Huckleberry (C) areas (adapted from Barnes et al., 1993). 
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shale sample. Chalcopyrite and pyrrhotite
from gabbros in the Huckleberry area
have δ34S ratios of -3.9 to 1.5‰, and
chalcopyrite and pyrrhotite from a single
shale sample have δ34S ratios of -0.3 to
4.4‰.

Sulphur isotope data from magmatic
sulphide deposits can be used to evaluate
whether the sulphur source was magmat-
ic vs. externally derived (crustal) sulphur,
providing the isotopic composition of
external-derived sulphur source is dis-
tinct from mantle-derived sulphur
(Ripley and Li, 2003). In Figure 7, sul-
phur isotope data from the three study
areas are plotted along with data from the
Fredrickson Lake prospect (data from
Gelbert, 1988). With the exception of
δ34S ratios for sediment-hosted massive
sulphide mineralization at Frederickson
Lake, all δ34S ratios from sediment-host-
ed sulphides range between -0.3 and
5.5‰, which is similar to values for aver-
age Menihek Formation sulphides report-
ed by Cameron (1983). These values are
slightly higher than isotopic values for
mantle-derived sulphur (0 ± 2‰; Ripley
and Li, 2003), and therefore the data from
sulphides in mineralized gabbro samples
might allow determination as to whether
there was significant assimilation of sul-
phur from the host sedimentary rocks or
other sources.

The δ34S ratios of chalcopyrite and
pyrrhotite from mineralized gabbro sam-
ples from the Huckleberry area are with-
in the range typical of mantle-derived
sulphur (Figure 7; Ridley and Li, 2003).
This is consistent with a magmatic sul-
phur source, with little or no externally
derived sulphur. The δ34S isotopic com-
positions of chalcopyrite and pyrrhotite
from samples in the Howse Lake, Moss
Lake and Frederickson Lake areas are
higher than the range of uncontaminated
mantle-derived magmas (−2 to +2‰;
Ripley and Li, 2003), suggesting an
external sulphur source. The similarities
between δ34S values from sulphides in
gabbros in the Moss Lake and
Frederickson Lake areas and the associat-
ed host sedimentary rocks (Figure 7) pro-
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Location Unit Sample No. Mineral  34S 1
10.8 0.5
9.7 0.2

Pyrrhotite 4 0.8
9.4 0.5
8 0.6

11.1 0.2
10.7 0.4

17JC 055 A01 Chalcopyrite 3.6 0.5
Chalcopyrite 4.2 0.4

Pyrrhotite 8.4 0.3
10.2 0.3
12.7 0.5
3.7 0.6
5.5 0.4
3.9 0.5

Chalcopyrite 2.6 0.7
Chalcopyrite 3.6 0.3

Pyrrhotite 2.8 0.4
Chalcopyrite 2.6 0.3

Pyrrhotite 1 1
Sediment 17JC 083 A01 Chalcopyrite 1 0.6

-1.1 1.1
0.4 0.5
-3.9 0.4
0.2 0.2
1.5 0.2
1.4 0.2
-1.3 0.4
-0.5 0.6
-0.4 0.5
-1.2 0.7
0.5 0.3
1.5 0.8
-0.8 0.4
1.4 1
1.8 0.6
-0.3 0.7
4.4 0.4
3.1 0.5

Host rock Reference  34S StDev

Gabbro Gerbert (1988) 3.7 0.2

Sediment-hosted 
massive sulpide Gerbert (1988) 9.2 0.1

Sediment Gerbert (1988) 3.5 0.9

Sediment Cameron (1983) 3.7 0.9

Location

Frederickson Lake North

Frederickson Lake North

Frederickson Lake

Average Menihek

Pyrrhotite

Moss Lake
Gabbro

17JC 080 A02

17JC 088 A02

Huckleberry

Gabbro

Sediment

17JC 091 A02

17JC 095 A01

17JC C213

Chalcopyrite

Pyrrhotite

Chalcopyrite

Pyrrhotite

Chalcopyrite

Chalcopyrite

Chalcopyrite

Pyrrhotite

Chalcopyrite

Pyrrhotite

17JC 025 A01

17JC 037 A01

17JC 100 A02

17JC 102 A01

Howse Lake

17JC 054 B02

Gabbro

Sediment

Table 2. The δ34S ratios measured in-situ from chalcopyrite and pyrrhotite
from mineralized gabbro samples and from sulphide-bearing sedimentary host
rocks (Menihek and Thomson Lake formations) in the Howse Lake, Moss
Lake and Huckleberry areas. Also included are the average δ34S ratios meas-
ured from various rock types in the Frederickson Lake area (data from Gerbert,
1988) and the average δ34S ratio from the Menihek Formation shale (from
Cameron, 1983)
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vide strong evidence for assimilation of sulphur from the
county rocks.

A wide range of δ34S ratios were obtained from sul-
phides in mineralized gabbros from the Howse Lake area
(Figure 7). Three analyses returned sulphur isotope ratios
similar to those from sulphides in the country rocks, with
other analyses yielding isotopically heavier 34S values (up to
12.7‰). This suggests some source of externally derived
sulphur into the magma other than the surrounding country
rocks. Gerbert (1988) showed that the sediment-hosted mas-
sive sulphides at Frederickson Lake have isotopically heavy
δ34S values (up to 9.3‰), and thus assimilation of similar
material may be a potential source of the externally derived

sulphur. It is also noted that in-situ analysis of chalcopyrite
and pyrrhotite in the same thin section yielded variations in
δ34S of up to 6.8‰ (sample 17 JC 025 A01). This disequi-
librium is not typical of high-temperature magmatic sys-
tems, where fractionation between sulphide minerals is gen-
erally low (Seal II, 2006).

DISCUSSION AND CONCLUSIONS

Mafic and ultramafic sills of the Gerido Intrusive Suite
crop out extensively in the Hurst and Retty zones of the
Labrador Trough in western Labrador and adjacent Québec.
These sills are mostly aphyric gabbros, lesser glomeropor-
phyritic gabbros (containing >20% plagioclase glomero-

17

Figure 7. The δ34S ratios measured in-situ from chalcopyrite and pyrrhotite from mineralized gabbro samples and from sul-
phide-bearing sedimentary host rocks (Menihek and Thomson Lake formations). Data from the Frederickson Lake area from
Gerbert (1988). Sulphur isotope ratio for average Menihek Formation from Cameron (1983), isotopic values for mantle-
derived sulphur from Ripley and Li (2003).
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crysts) and ultramafic units (peridotite and olivine web-
sterite). Lithogeochemical data indicate little geochemical
variation between mafic rocks in the three study areas
(Howse Lake, Moss Lake, and Huckleberry). Immobile ele-
ments suggest that all the units are basaltic and have tholei-
itic affinities. The The Th–Nb crustal input plots indicate
that most samples plot within the MORB-OIB array (transi-
tional between N-MORB and E-MORB) and suggest mini-
mal contamination by crustal assimilation. This is consistent
with previous geochemical interpretations of the Gerido
Intrusive Suite, which suggest a lithotectonic model of rift-
related magmatism in an extensional environment associat-
ed with the formation pull-apart basins, along the continen-
tal margin prior to the deformation that formed the New
Québec Orogen (Skulski et al., 1993).

Sulphide mineralization is common in the Gerido
Intrusive Suite, and some samples of mineralized gabbro
contain up to 20% sulphides (pyrrhotite, chalcopyrite and
pentlandite ± pyrite). The SEM-MLA analysis also identi-
fied a number of discrete PGE minerals in gabbro and
olivine websterite samples, and most PGE minerals having
a chemical composition of Pd–Bi–Te. Other PGE mineral
compositions identified include Pd–Hg–Te (Howse Lake),
Pd–Ag–Pb–Te and Pd–Te–Se (Moss Lake) and Pt–Pd–Bi–
Te (Huckleberry).

Mineralized aphyric and glomeroporphyritic gabbro
from the Howse Lake area contains up to 0.41% Cu and 621
ppm Ni, with low PGE contents (Pt + Pd <100 ppb).
Samples from the Moss Lake area are essentially non-min-
eralized, with <0.06% Cu, <178 ppm Ni and <91 ppb Pt +
Pd. Aphyric and glomeroporphyritic gabbro from the
Huckleberry area in Québec is the most strongly mineral-
ized, with samples yielding up to 1.22% Cu and 0.20% Ni,
and up to 436 ppb Pt + Pd. Mineralized olivine websterite
from the Huckleberry area has Cu contents up to 0.47% with
up to 0.17% Ni and 317 ppb Pt + Pd. Mineralized samples
have Cu/Ni ratios >2, similar to other Cu-rich magmatic sul-
phide deposits, e.g., Duluth Complex, Minnesota (Theriault
et al., 2000).

The Cu/Pd ratios and sulphur isotope analysis were used
to assess the origin of the sulphide mineralization in each of
the three study areas. In the Howse Lake area, mineralized
and non-mineralized samples typically have Cu/Pd ratios
above normal mantle values, which may be related to deri-
vation under sulphur-saturated melting conditions or the
depletion of Pd via early sulphide segregation during the
ascent of magmas. The latter option implies PGE-rich sul-
phide deposits may occur elsewhere in the mineralizing sys-
tem (Barnes et al., 1993), but does not provide any clues as
to its location(s). Nevertheless, the presence of PGE-rich

mineralization at nearby Frederickson Lake supports the idea
that similar PGE-rich zones could occur at Howse Lake.

Sulphur isotope data show that pyrrhotite and chal-
copyrite have markedly positive sulphur isotope ratios (δ34S
= +3.6 to 12.7‰), consistent with a crustal sulphur source.
This raises another possibility for the high Cu/Pd ratios, i.e.,
elevated Cu contents due to the assimilation of Cu-rich sed-
imentary rocks that would have increased Cu contents with-
out affecting the PGE contents. The Menihek Formation
contains sources for Cu contamination, including massive to
heavily disseminated pyrrhotite, pyrite and chalcopyrite in
argillites at Howse Lake (up to 4500 ppm Cu; Swinden and
Santaguida, 1994), and base-metal-rich semi-massive sul-
phides in chert argillites at Frederickson Lake, east of
Howse Lake (best drillhole interception of 14.07% Zn,
2.25% Cu, 1.76% Pb over 1.2 m; Clark and Wares, 2005).
The presence of Hg-bearing PGE minerals and identifica-
tion of sulphide droplets close to the margins of the gabbro
sills also support the assimilation of metals and sulphides
from the country rock. This type of contamination has been
used to explain high Cu/Pd ratios in other Cu-rich magmat-
ic sulphide occurrences, e.g., in the Duluth Complex,
Minnesota (Theriault et al., 2000).

At Moss Lake, gabbro samples have Cu/Pd ratios close
to mantle values and sulphur isotope data, suggesting that
sulphur was derived from the sedimentary host rocks. The
low base-metal contents of these gabbros, and the lack of
evidence for significant PGE-enrichment, suggest that these
gabbros have a lower exploration potential.

Highly mineralized gabbro and ultramafic samples
from the Huckleberry area in Québec have similar Cu/Pd
ratios to samples from the Howse Lake area (i.e., they are
depleted in Pd relative to mantle values). However, the sul-
phur isotope data are consistent with a magmatic sulphur
source, with little or no assimilation of crustal sulphur. In
this case, higher Cu/Pd ratios are not likely due to the assim-
ilation of Cu-rich sedimentary rocks, and must instead be a
feature of the magmas, inherited from source melting or ear-
lier sulphide segregation. The information from the
Huckleberry area imply that the Gerido Intrusive Suite
remains prospective for Ni, Cu and PGE mineralization
throughout the Hurst and Retty zones of the Labrador
Trough.
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