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ABSTRACT

The Ashuanipi Complex is a granulite-facies, sedimentary–plutonic subprovince of the Archean Superior Province, and
is one of the largest high-grade gneiss terranes in Canada. In Labrador, the complex consists of older sequences of migmatitic
paragneiss intercalated with pretectonic orthopyroxene-bearing tonalite to diorite, and subordinate gabbroic and ultramafic
intrusions. These rocks predate the development of extensive metasedimentary diatexite, variably deformed granitoid intru-
sions and late granite pegmatite. Previous geochemical studies in the eastern Ashuanipi Complex indicate that the tonalite to
diorite intrusions have tonalite–trondhjemite–granodiorite (TTG) or adakite-like affinities. The similar field associations,
presence of relict igneous textures and anhydrous assemblages of the pretectonic granitoid and ultramafic rocks suggest there
may be a genetic(?) relationship between these units. Preliminary lithogeochemistry  for gabbroic and ultramafic rocks do not
indicate a direct petrogenetic link. However, some similarities in trace- and rare-earth element abundances and behaviour
suggest derivation from similar, silicate melt- and fluid-metasomatised mantle sources that yielded both felsic and mafic to
ultramafic suites. This source metasomatic event may be related to subduction processes, however, the extent of crustal recy-
cling in these rocks requires further isotopic investigations. The presence of anomalous base metals, including Ni, Cr, Ti and
local Au and PGE in some gossan zones locally developed in tonalite and ultramafic sills, and coincident elevated lake-sed-
iment concentrations, indicate a potential for similar mineralizing systems. 

INTRODUCTION

Lithogeochemical investigations of rocks of the north-
eastern Archean Ashuanipi Complex have been carried out
in several studies (Morisset, 1988; Percival, 1991a, b; Perci-
val et al., 2003 and Schofield, 2014). These studies applied
major-, trace- and rare-earth element analyses of the igneous
and/or metasedimentary rocks, along with electron micro-
probe analyses of their constituent minerals. They included:
i) determination of geothermobarometric conditions and the
distinction of pre- and syn-metamorphic mineral assem-
blages (Morisset, 1988; Percival, 1991a; Schofield, 2014);
ii) the nature of the protoliths and the evolution of
supracrustal rocks, related migmatites and granitoid rocks
(Percival, 1991b) and; iii) the classification of calc-alkaline
‘adakite-like’” igneous rocks of the complex in terms of a
tectonic environment of formation (Percival et al., 2003).
Although geochemical data exists for the granitoid rocks
and metasedimentary gneiss, only a few analyses have been
reported for the mafic and ultramafic rocks of the region.
Two B. Sc. undergraduate investigations focused on petrog-
raphy and geochemical analysis of two distinct boudinaged
ultramafic sills, one within the study area (Schofield, 2014)

and one in adjacent Québec (Morisset, 1988). Both projects
attempted to classify the cumulate rocks and to provide an
interpretation of metamorphic mineral assemblages and
their P-T-X conditions of formation. Government and indus-
try mineral assessment reports record local, elevated Au, Cu,
Ni, Cr, Zn, Pd and Pt, hosted in altered zones found in ultra-
mafic and gabbroic rocks (Percival, 1987; Thomas and But-
ler, 1987; Dimmell, 1989; Graves, 1992). This contribution
classifies the ultramafic and mafic rocks and evaluates a
possible petrogenetic relationship with the calc-alkaline,
tonalitic granitoid rocks in the complex. The potential of
these rocks to host Ni, Cu, Co, Au and platinum-group ele-
ment (PGE) mineralization is also examined.

REGIONAL SETTING

The Superior Province is an Archean craton divided
into two main domains, and these are further subdivided into
several subprovinces (Card and Cieleski, 1986; Figure 1).
Northern domain rocks are predominantly of continental
affinity, have ages of between 2.75 and 2.65 Ga, and contain
crustal vestiges as old as 3.0 Ga (Percival et al., 2003). The
southern domain contains linear, east–west-oriented,
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metavolcanic-, metaplutonic- and metasedimentary-domi-
nated subprovinces (Card and Cieleski, 1986). The metavol-
canic subprovinces contain sequences of low-grade volcanic
rocks intruded by tonalite to granite plutons (collectively
termed ‘granite–greenstone’ terranes), whereas the metaplu-
tonic subprovinces lack supracrustal rocks. Metasedimenta-
ry subprovinces comprise an approximately 2100-km-long
belt, which stretches latitudinally across the southern Supe-
rior Province, and consist predominantly of metagreywacke
sequences intruded by granite and tonalite. Most of the
Superior Province formed between 3.0 and 2.65 Ga and the
subprovinces are considered to demarcate amalgamated vol-
canic arcs, sedimentary prisms and composite terranes that
were accreted progressively, from north to south between
2.75 and 2.70 Ga. 

GEOLOGY OF THE 

ASHUANIPI COMPLEX

The Ashuanipi Complex is an Archean, granulite-grade
subprovince of the eastern Superior Province, approximate-
ly 90 000 km2 in area (Card and Ciesielski, 1986; Figure 1).

The oldest rocks in the complex are metasedimentary
gneiss intruded by a 500-km-long belt of pretectonic
tonalite, granodiorite, quartz diorite and diorite intrusions,
referred to as the Desliens igneous suite (Percival, 1991a;
Figure 1). Percival et al. (2003) interpreted these rocks as a
contemporaneous fractionation series of intrusive rocks of
tonalite–trondhjemite–granodiorite (TTG) (adakitic) affini-
ty. Mafic and ultramafic rocks occur as isolated minor intru-
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Figure 1. Subdivisions of the Superior Province, extent of the Desliens igneous suite (outlined by hashed lines) in the Ashua-
nipi and Opinaca River subprovinces (Percival et al., 2003), and the location of the present study area (modified after Card
and Cieleski, 1986).
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sions, sills, thin layers or dykes and have similar textures
and field associations as the tonalite to diorite units.
Leucogranite plutons are later intrusions that crosscut fab-
rics in other units. Pre-, to posttectonic granite, alkali-
feldspar granite, alkali-feldspar quartz syenite veins, and
syenogranite pegmatite also intrude most units. Granulite-
facies metamorphism produced orthopyroxene-bearing
assemblages and migmatitic fabrics and resulted in the pro-
duction of predominantly sedimentary rock-derived, syn-, to
late-metamorphic diatexite (Percival, 1991b; James, 1997).
Percival (1987, 1991a, b) and Percival and Girard (1988)
have described the regional geology of the Ashuanipi Com-
plex in some detail, including the regional structural, meta-
morphic and geochronological relationships, and the reader
is encouraged to consult these reports for additional infor-
mation.

No age data has been reported from the immediate
study area, but, several monazite and zircon U–Pb ages are
available for comparable units in adjacent areas of Labrador
and Québec. Pertinent geochronological data for the eastern
Ashuanipi Complex are summarized below. 

Summary of pertinent U–Pb geochronological data for

the eastern Ashuanipi Complex

- 3.4 to 2.7 Ga: age range of detrital zircons from
metasedimentary rocks; indicates that deposition of
sedimentary rocks and minor volcanic rocks were com-
pleted by ca. 2.7 Ga (Mortensen and Percival, 1987)

- 2.72 Ga: intrusion of tonalite, granodiorite and diorite
of the Desliens igneous suite (the analogous field rela-
tions and textures of the rocks of this suite and gabbro
and ultramafic rocks within the study area may indicate
a similar age (Percival et al., 2003) 

- 2.68 to 2.65 Ga: high-grade metamorphism, develop-
ment of S1 migmatitic fabric and intrusion of syn- to
late-metamorphic garnet±orthopyroxene-bearing gran-
ite and granodiorite diatexite (Mortensen and Percival,
1987)

- 2.65 to 2.63 Ga: post peak metamorphic cooling (Perci-
val et al., 1988)

- 2.65 Ga: intrusion of posttectonic granite pegmatites
and leucogranite (Percival et al., 1991b)

- 2.65 to 2.6 Ga: post-metamorphic thermal event result-
ing in new zircon crystallization in diatexite and new
monazite growth in older gneisses (Chevè and Brouil-
lette, 1992)

ROCKS OF THE STUDY AREA

The location and extent of the Ashuanipi Complex and
the study area, with respect to the other tectonic provinces of
Labrador are illustrated in Figure 2. The geology of the

Ashuanipi Complex is shown in Figure 3 and is discussed in
detail by van Nostrand and Bradford (2014). The rocks
include older migmatitic metasedimentary gneiss  intruded
by pretectonic, foliated to gneissic tonalite, granodiorite and
diorite intrusions comparable to those of the Desliens
igneous suite (Percival, 1991a). Gabbro and pyroxene-rich
ultramafic rocks occur as small intrusions, boudinaged sills
and layers. Percival et al. (2003) suggested these rocks may
have a petrogenetic relationship with rocks of the Desliens
igneous suite, however, he noted that the inclusion of the
gabbro and ultramafic rocks in this suite is problematic, as
compositions intermediate between diorite and the gab-
bro–ultramafic rocks were not observed. Granite to granodi-
orite diatexite is the dominant rock type, occurring as 10s of
km-scale bodies and as abundant, outcrop-scale, syn- to
late-tectonic veins and fabric concordant layers. Late syn- to
posttectonic granite and alkali-feldspar quartz-syenite peg-
matite veins intrude most units. Granulite-facies conditions
are inferred throughout the map area, based on widespread
orthopyroxene–garnet-melt assemblages in the migmatitic
gneiss units, but some granitoid and ultramafic rocks pre-
serve remnants of primary pyroxene (Percival, 1991a;
Schofield, 2014). Evidence of upper amphibolite to local
greenschist-facies retrograde metamorphism is noted by
secondary alteration of pyroxene, olivine and plagioclase.
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Figure 2. Location of the study area and the extent of the
Ashuanipi Complex, with respect to the tectonic provinces
of Labrador (modified from van Nostrand and Bradford,
2014).
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Several mineral occurrences with variable but elevated
Au, Cu, Cr and Ni values are hosted in gossanous,
migmatitic gneiss, foliated granitoid rocks, gabbro, ultra-
mafic rocks and local lenses of oxide-facies iron formation.
Most of these occurrences have only been investigated on a
cursory basis.

DESCRIPTION OF ROCK UNITS

The lithogeochemical samples investigated herein were
obtained from three distinct rock units and each of these are
briefly summarized below. More complete descriptions of

these rocks are presented in Percival (1987, 1991a) and van
Nostrand and Bradford (2014) and the reader is referred to
these reports for a more complete synthesis of these and
other rock types of the region. 

UNIT At-gn – FOLIATED TO GNEISSIC TONALITE,

GRANODIORITE AND DIORITE

This unit consists predominantly of tonalite but
includes granodiorite, quartz diorite and diorite. The rocks
vary from white-, green-, brown- and grey-weathering, fine
to coarse grained and massive to gneissic. The dominant
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Figure 3. Geology of the study area from van Nostrand and Bradford (2014). See van Nostrand and Bradford (2014) for a
more detailed map. Rocks interpreted as the Desliens igneous suite area are included in Unit At-gn (tonalite to diorite). The
mafic-ultramafic rocks include Agb-d (gabbro-diorite), and Apx (pyroxenite). Locations of samples listed in Table 1 are shown.
The locations of the samples of Percival et al. (2003) used in this study are not shown. Location of the Pyroxenite Lake intru-
sion is after Percival (1993).
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mineral assemblage is orthopyroxene ± clinopyroxene ±
biotite ± garnet ± amphibole. van Nostrand and Bradford
(2014) noted the absence of a leucosome component in the
foliated tonalite and interpreted these rocks as less-
deformed equivalents of the migmatitic gneiss (Plates 1
and 2).

UNIT Agb – GABBRO

Mafic rocks range from gabbro to leucogabbro and
locally to olivine gabbro and occur as rare, small plutons
and thin sills within the gneisses as well as cm- and m-scale
layers within large ultramafic sills. The largest gabbro body
is in the north-central study area, exposed along a southeast-
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striking fault (sample 13VN074A02, Figure 3). In the north-
western area, a foliation-concordant, 30-m-wide gabbro to
melagabbro sill intrudes metasedimentary gneiss (sample
13VN202A02, Figure 3). These rocks consist of orthopy-
roxene, clinopyroxene, hornblende, plagioclase, spinel and
magnetite, and exhibit local relict igneous layering (Plate 3).    

UNIT Apx – PYROXENE-RICH ULTRAMAFIC

ROCKS 

Ultramafic rocks are subordinate in the study area,
occurring as foliation/gneissosity parallel, elongate bodies
up to 200 m thick and 1.5 km long and, more commonly, as

10s of m-scale, layers and boudins that occur in metasedi-
mentary gneiss and foliated or gneissic granitoid rocks (Fig-
ure 3). They range from primarily pyroxenite to harzburgite,
olivine melagabbro, melanorite and lherzolite. The mineral
assemblages of these rocks include variable proportions of
hypersthene and bronzite, diopside, olivine, hornblende,
plagioclase, biotite, spinel, magnetite and apatite, in relative
deceasing abundance. The extent of alteration varies,
depending on the dimensions of the sill, the rock type and
the position of various layers within individual intrusions.
The rocks exhibit a variety of textures, ranging from mas-
sive and locally layered with very coarse-grained pyroxene
phenocrysts (oikocrysts?), to fine grained, recrystallized and
strongly foliated (Plates 4 and 5). The protolith(s) of these
rocks is equivocal, but their elongate and tabular shape, con-
cordant and sharp contacts and rare chilled margins against
the enclosing rocks, suggest they are sills. Igneous layering
was noted in several areas and is defined by diffuse to sharp
variations in the proportions and grain size of constituent
minerals, in particular pyroxene and plagioclase (Plate 6).
The layering suggests that these rocks are likely cumulate in
origin.

One of the largest ultramafic bodies is located in the
west-central part of the study area (samples 13VN100A02,
13VN139A02 and 13VN139B02, Figure 3). The intrusion is
approximately 150 m thick and 1.5 km long and consists
predominantly of coarse-grained, foliated pyroxenite, grad-
ing to olivine gabbro, melagabbro, harzburgite and minor
dunite. The pyroxenite (sample 13VN139A02) appears to be
truncated at a low angle by a later, massive to weakly foliat-
ed, fine-grained intrusion (sample 13VN139B02, Plates 7
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Plate 1. Medium-grained, massive to weakly foliated
tonalite of the Desliens igneous suite. Irregular brown
patches are sieve-textured, inclusion-rich orthopyroxene,
interpreted as relict igneous oikocrysts.

Plate 2. Fine-grained, stromatic-textured, orthopyroxene-
bearing migmatitic tonalite gneiss of the Desliens igneous
suite. This rock is interpreted as a gneissic equivalent of the
massive to foliated, oikocrystic tonalite shown in Plate 1.

Plate 3. Medium-grained, equigranular gabbro comprising
a 30-m-thick sill intruding metasedimentary gneiss in the
western study area (Sample 13VN202A02). The gabbro con-
tains orthopyroxene, clinopyroxene, plagioclase and minor
amphibole and magnetite. A weak, local compositional lay-
ering can be observed.
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and 8), and indicates more than one generation of ultramaf-
ic magma may be present.

In the southern part of the study area, several, massive
to strongly foliated ultramafic lenses occur in metasedimen-
tary gneiss. The largest is a 200-m-thick by 800-m-long
body consisting of pyroxenite, harzburgite and melagabbro
and melanorite, with local igneous layering (Figure 3, sam-
ple 13VN127A02). Schofield (2014) carried out detailed
petrographic, scanning electron microscope-mineral libera-
tion analyses (SEM–MLA) and electron probe microanaly-
ses (EPMA) of this sill. Schofield (op. cit.) reported the

presence of preserved relict igneous textures and mineral
phases in this sill that have been chemically homogenized
during regional granulite-upper amphibolite-facies meta-
morphism and subsequent retrogression to amphibolite and
locally greenschist-facies assemblages. 

LITHOGEOCHEMISTRY

ANALYTICAL METHODS

Samples collected for this study were analyzed for
major and trace elements at the Geochemical Laboratory,
Department of Natural Resources, Government of New-
foundland and Labrador,  Howley Building, Higgins Line,
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Plate 4. Strongly foliated, medium-grained, homogenous
pyroxenite of the large ultramafic sill in the western study
area (sample 132VN100A02). This contains local, thin ser-
pentinite veins parallel to the fabric.

Plate 6. Relict, olivine-rich igneous layering preserved in a
weak to moderately foliated pyroxenite to websterite layer
in a large boudinaged sill in the southern study area.

Plate 7. Strong foliation in dark-weathering pyroxenite
(Unit Apx: sample 13VN139AO2) that is truncated at a low
angle, by a fine-grained, weakly foliated ultramafic intru-
sion that may be a dyke (sample 13VN139BO2).

Plate 5. Massive to weakly foliated, porphyritic pyroxenite
of the ultramafic sill in the southern study area (sample
13VN127A02). Orthopyroxenes (grey-green-weathering
crystals) are interpreted as relict igneous oikocrysts. White
patches are lichen-covered oikocrysts.
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St. John’s. Powdered rock samples were fused at 1000o C in
a graphite crucible for 30 minutes using a Lithium Borate
mixture. The molten fusion bead was poured directly into a
10% solution of nitric acid and stirred for about 15 minutes
until dissolution. The solution was then topped up to a final
volume of 100 ml. This solution was measured directly by
Thermo Instruments iCap 6500 Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES) for major- and
trace-element contents (SiO2%, Al2O3%, Fe2O3 Total %,
MgO%, CaO%, Na2O%, K2O%, TiO2%, MnO%, P2O5%, Cr
ppm, Zr ppm, Ba ppm). The analyte solution was diluted to
20% of the original and made to volume with two percent
nitric acid. Trace-element abundances were measured by a
Thermo Instruments X-Series II Inductively Coupled Plas-
ma Mass Spectrometer (ICP-MS:  V, Co, Ga, Ge, Sr, Y, Nb,
Mo, Cd, Sn, Cs, REE, Hf, Ta, W, Tl, Bi, Th and U: all in
ppm). Analytical methods for FeO and LOI are after Finch
(1998). The trace elements Au and Ta were analyzed at Bec-
querel Laboratory in Mississauga, Ontario by using Neutron
Activation (Method BQ-NAA-1, www.Becquerellabs.com).

SAMPLE SELECTION

A total of thirteen lithogeochemical analyses are pre-
sented, including six samples of relatively unaltered pyrox-
enite, one sample of a crosscutting pyroxenite, one mineral-
ized pyroxenite, two gabbro (one from a thin, concordant sill
and one from a small pluton) and,  three samples of tonalite,
ranging from weakly foliated to gneissic. These are supple-
mented by fourteen analyses of rocks of the Desliens
igneous suite from the eastern Ashuanipi Complex (Percival
et al., 2003) for comparison with the tonalities collected in

this investigation. The major-element data for six samples of
ultramafic rocks from the Pyroxenite Lake intrusion (Figure
3: Morisett, 1988) are also included to compare with the
general bulk composition of pyroxenite sills in the study
area. These data may collectively help to indicate if a petro-
genetic relationship exists between all of the rocks of this
suite, including the gabbro and the ultramafic rocks (e.g.,
Percival, 1991a). 

Most ultramafic and gabbro samples used in this study
were collected from relatively unaltered, fine- to medium-
grained marginal zones of the sills and contain no visible
mineralization. Tonalite samples are representative of the
intrusion from which they were collected. 

LITHOCHEMISTRY RESULTS 

Sample descriptions and UTM coordinates are given in
the Appendix, and the locations are indicated on Figure 3.
Major-element-oxide and trace-element data for the ultra-
mafic rocks, gabbro and tonalite from the study area are
shown in Table 1. Note that the mineralized pyroxenite sill
(sample 13VN107A03) is not included on most of the fol-
lowing discrimination diagrams but is only plotted on a
primitive mantle-normalized extended trace-element dia-
gram and a rare-earth element (REE) plot (Figure 11A, B)
and discussed in terms of the base- and rare-element miner-
alization potential of these rocks.

Major-Element Geochemistry

Field characteristics of the ultramafic rocks, gabbro and
tonalite are supported by their bulk chemical compositions
as shown on a Jensen (1976) plot, a modified Irvine and
Baragar (1971) AFM diagram and a total alkali–silica plot
after Le Bas et al. (1986) in Figure 4A–C. The major-oxide
data of Morisset (1988) from the Pyroxenite Lake intrusion
are also included on these three diagrams for comparison
with the bulk compositions of ultramafic rocks from this
study. However, the samples from the intrusion in Québec
were collected from several different horizons in a layered
ultramafic sill and are not therefore representative of the
intrusion margins. The legend for the samples shown with
these figures is applicable for all discrimination diagrams
used in this study. The trace-element and REE plots (Figure
11A–F) have a different legend.  

Figure 4A shows that all of the ultramafic rocks and the
gabbro sill plot in a relatively tight cluster in the basaltic
komatiite field, following a komatiite trend, whereas the
gabbro from the small pluton plots as a Mg-rich tholeiite.
The tonalites fall within the tholeiite and dacite–andesite
fields, roughly following a calc-alkaline-like trend.
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Plate 8. Larger view of the two intrusive ultramafic rocks
shown in Plate 7. The apparent fold hinge in the upper part
of photograph suggests that both intrusions were emplaced
prior to the regional folding event.
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In Figure 4B, most ultramafic rocks plot in a tight group
within, or on the boundary of, the arc-related, Mg-rich ultra-
mafic cumulate field. One pyroxenite and the gabbro sill
plot in the Mg-rich mafic cumulate field, whereas the gab-
bro pluton is has a slightly more Fe-rich mafic cumulate-like
composition.  The tonalite samples all plot within the calc-
alkaline field. The data from the Pyroxenite Lake intrusion
(Morisett, 1988) plot primarily within the mafic cumulate
field.

A total alkali vs silica (TAS) diagram (Le Bas et al.,
1986) is shown in Figure 4C where most pyroxenites and the

gabbro pluton are low alkali gabbros and two pyroxenites
and the gabbro sill are peridotitic gabbros. The data from the
Pyroxenite Lake intrusion (Morisett, 1988) span both the
low alkali gabbroic and peridotitic gabbro fields. The
tonalite samples are predominantly granodiorite with a few
samples yielding diorite and monzonite compositions. 

All of the relatively unaltered ultramafic rocks have
high MgO (18.98–24.92 wt. %) and Mg# (81-86), low and
restricted TiO2 (0.3-0.45 wt. %) and significant variation in
loss on ignition (LOI = 1.14-5.87 wt. %). The mineralized
pyroxenite sill has a comparatively low MgO content (8.38

200

Figure 4.  A) Al2O3-Fe–Ti-oxide–MgO  diagram (Jensen, 1976) showing komatiitic, tholeiitic and calc-alkaline trends; B)
AFM discrimination plot (Irvine and Baragar,1971: with fields after Beard, 1986) showing the MgO-rich pyroxenite and gab-
bro versus the apparent calc-alkaline tonalites. Also shown are arc-related mafic-ultramafic fields and the tholeiite-calc-alka-
line divide; and C) Na2O+K2O versus SiO2– (TAS) diagram after Le Bas et al. (1986) with plutonic rock nomenclature after
Middlemost (1985). 
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wt. %) and Mg# (49), with higher TiO2 (0.66 wt. %) and a
high LOI (5.54 wt. %). The two gabbro samples have mod-
erate MgO (6.46–11.09 wt. %) and Mg# (70-79). Tonalites
have modest ranges in MgO (1.93-4.15 wt. %) and Mg# (52-
58), relatively high but still low TiO2 (0.48-0.82 wt. %) and
low LOI (0.65-1.74 wt. %).

Compositional trends for the major elements in all
rocks are illustrated in Figure 5A–F. The relatively incom-
patible element oxide MgO was used as a fractionation
index. The gabbro and ultramafic rocks show weak inverse
correlations between Na2O and Al2O3 and MgO, whereas
Fe2O3

T increases with MgO content is apparent in Figure 5D.
SiO2 (43–50 wt. %), K2O (0.04–1.13 wt. %) and P2O5

(0.017–0.112 wt. %) have wide compositional ranges and do
not show any apparent correlation with MgO. Major oxide
trends for the tonalitic rocks indicate that Fe2O3

T and P2O5

positively correlate with MgO, whereas SiO2 (60.3–68.3 wt.
%) and Al2O3 (14.6 – 17.2 wt. %) exhibit negative correla-
tions. Ranges of K2O (0.63-2.73 wt. %) show no obvious
correlation with MgO. The three tonalites from this study
are very similar overall to those of Percival et al. (2003).

Trace-Element Geochemistry

Ultramafic rocks, gabbros, and tonalites show enrich-
ment in both the incompatible and compatible trace ele-
ments. Depending on the relative element compatibility, a
range of trace-element behaviour versus the immobile ele-
ment Zr, is evident in Figure 6A–F. For the gabbro and ultra-
mafic rocks, the incompatible elements Th, Nb, La and Y
show a positive correlation with Zr. The transitional element
Ni exhibits a relatively small range of values of 639–858
ppm, with the exception of the sample of the gabbro pluton
(214 ppm Ni) and shows a very weak negative relationship
with Zr. The trace-element characteristics of the tonalitic
rocks (including the data of Percival et al., 2003), show a
wide scattering of both incompatible and compatible ele-
ments. No apparent relationship of Th, La and Ni with Zr is
evident, whereas Nb, Y and Yb show weak positive correla-
tions versus Zr. 

A TiO2 vs Zr plot showing the discrimination fields after
Hallberg (1985) is presented in Figure 7. The ultramafic
rocks plot in a tight group straddling the low TiO2 komatiite
basalt and andesite or komatiite basalt fields. The gabbro
samples are both komatiitic basalts. Most of the tonalite
samples plot as andesites, with a few analyses indicating
transitional andesite–komatiite basalt compositions. 

Bivariate ratio discrimination diagrams may provide a
more reliable means to identify the affinity of the rocks
because they apply ratios of trace elements that are consid-
ered immobile during alteration and metamorphism (e.g.,
Nb, Th, Yb, Zr and TiO2). The trace-element ratio diagrams

are based primarily on the identification and utilization of
geochemical parameters for specific magmatic affinities and
petrogenetic processes as well as overall better performance
(Pearce, 2008).

Figure 8 shows a Zr/Y vs Th/Yb plot (Winchester and
Floyd, 1977, modified by Ross and Bedard, 2009). The two
gabbro samples and most ultramafic rocks span the tholeiite
field and the tholeiite-calc-alkaline transitional field where-
as the porphyritic pyroxenite and the tonalites plot in the
calc-alkaline field. Figure 9A and B are two discrimination
diagrams that distinguish TTG (adakites) and classical arc-
related rock. In the La/Yb vs Yb diagram (Figure 9A: Drum-
mond and Defant, 1990) the tonalites and one pyroxenite
span the low Y range of the TTG  field, and one pyroxenite
plots in the transitional arc–related to adakite field. All other
pyroxenites and the two gabbros have very low La/Yb ratios
and plot outside these fields. Although not labelled on this
diagram, the low La content of the latter rocks would sug-
gest these are of arc-like and transitional to tholeiite. In a
Sr/Y vs Y plot (Figure 9B: Castillo, 2006), only one tonalite
from this study yielded a TTG-like composition whereas
most of the tonalite samples of Percival et al. (2003) fall
within or just outside of this field. One tonalite and the gab-
bro pluton are arc-related, dacite–andesite–rhyolites. All
ultramafic rocks, the gabbro sill and two tonalites have low
Y/Sr ratios and plot outside these fields, features character-
istic of rocks transitional between arc-like and  tholeiite in
composition.

The enrichment of Th, relative to equally incompatible
Nb, provides an effective proxy of crustal input into mafic,
mantle-derived rocks (Pearce, 2008). Volcanic-arc basalts,
with crustal input via subduction, plot parallel to the mid-
ocean ridge basalt (MORB) array at higher Th/Nb, whereas
lithospheric contamination or deep asthenospheric recycling
produces trends that are above, and oblique to the MORB
array. All of the samples from the study have Th/Nb higher
than the MORB array (Figure 10), indicating an intraocean-
ic, volcanic-arc setting whereby subduction zone fluids con-
tributed Th in their petrogenesis (Pearce, 2008). The gab-
bro–ultramafic rocks and the tonalitic rocks form distinct
groups that approximately parallel the MORB array, imply-
ing that the parental magmas to these rocks were contami-
nated by a lithospheric or crustal component, likely via sub-
duction processes. However, an apparent slight obliquity in
the trend of the gabbro and ultramafic rocks with respect to
the MORB array (Figure 10) may suggest some contamina-
tion of the source magma

Rare-Earth Element (REE) and Extended Multi-

Element Diagrams

Chrondrite-normalized REE and primitive mantle-nor-
malized multi-element diagrams (Sun and McDonough,

201
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Figure 5A–F. Major-element oxide versus MgO diagrams for the rocks of the region. Symbols as in Figure 4.
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Figure 6A–F. Selected compatible and incompatible trace elements plotted against Zr for the rocks of the region. Symbols as
in Figure 4.
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1989) are shown for the ultramafic, gabbroic and tonalitic
rocks in Figure 11A–F. The ultramafic rocks exhibit variable
and weakly light-REE enrichment, and flat heavy-REE pro-
files (Figure 11A). The crosscutting, fine-grained pyroxen-
ite and the porphyritic pyroxenite have minor negative Eu
anomalies. The multi-element profiles of the ultramafic
rocks (Figure 11B) show significant scattering of the highly
and moderately incompatible elements (to the left of Eu)
with very consistent mantle compatible element contents (to
the right of Eu). All pyroxenites exhibit moderate Nb and Ti
troughs, whereas two samples (the porphyritic pyroxenite
and a strongly foliated pyroxenite) show a depletion in Sr
and Zr. The mineralized pyroxenite (sample 13VN107A03)
shows enrichment of Ba and Sr, but depletion in Th, U and
Nb.

Figure 11C shows the flat, very slightly light-REE-
enriched profiles for the two gabbros. The gabbro sill
exhibits a slight negative Eu anomaly. Figure 11D shows
trace-element profiles of the two gabbro samples. Both have
relatively flat multi-element profiles with variable Ba and
small Nb troughs. The gabbro sill shows a pronounced
depletion in Ti and slight Sr depletion, whereas the elements
Ti, Zr and U are slightly depleted in the gabbro pluton.

The three tonalites have mutually similar rare-earth ele-
ment profiles (Figure 11E) and multi-element profiles (Fig-
ure 11F). They are light-REE-enriched, have minor Eu
spikes and exhibit saucer-shaped heavy-REE segments. The
tonalities are enriched in the most incompatible elements

204

Figure 7. TiO2 vs Zr plot with compositional fields after
Hallberg (1985). Symbols as in Figure 4.

Figure 8. Th/Yb vs Zr/Y–discrimination diagram (Winches-
ter and Floyd, 1977) showing tholeiitic, transitional and
calc-alkaline fields as modified by Ross and Bedard (2009).
Symbols as in Figure 4.

Figure 9. A) La/Yb vs Yb diagram discriminating TTG
(adakite) and typical volcanic arc fields (Dummond and
Defant, 1990). B) Sr/Y vs Y–diagram discriminating TTG
(adakite) and normal andesite–dacite–rhyolite (Castillo,
2006). Symbols as in Figure 4.
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(Ba, Th, U), have Nb-Ta, Zr and Ti troughs and minor posi-
tive and negative anomalies for Sr. Percival et al. (2003)
noted that the rare-earth element levels for rocks of the
Desliens igneous suite are highest for the low silica tonalites
(<60% SiO2). The low silica tonalite from this study (60.3%
SiO2, sample 13VN085, Table 1) is slightly enriched in the
LREE but has a lower HREE content compared to a tonalite
with a higher silica content of 64.4% (Table 1). Rare-earth
element contents are lowest for the high silica tonalite (66%
SiO2).

Summary of Lithogeochemistry 

The ultramafic rocks, gabbro intrusions and the
tonalites exhibit multi-element profiles that are typical of
rocks generated in subduction environments, characterized
by Nb and Ti troughs. These anomalies are a function of the
transfer of Th and the LREE to the mantle source from flu-
ids derived from the subducting slab (Pearce, 1983).

The major- and trace-element characteristics of the gab-
bro and ultramafic rocks indicate high MgO, Mg#, Cr and
Ni and enrichment in both the compatible and incompatible
elements. Extended trace-element and REE profiles indicate
LREE-enrichment, negative Nb and Ti anomalies and weak
to absent Eu anomalies. Percival et al. (2003) argued that
these geochemical characteristics of the calc-alkaline intru-
sive rocks of the Desliens igneous suite indicate that they

preserve mantle signatures. A similar inference may be
made with respect to the gabbro and ultramafic rocks based
on LREE enrichment, depleted HREE, elevated Th contents
with respect to the MORB array (Figure 10) and the overall
high transition metal contents.

The position of the samples with respect to the MORB
array in Figure 10 indicates that lithospheric or crustal con-
tamination through subduction processes was likely a factor
in the evolution of the gabbro and ultramafic rocks and the
tonalitic rocks of the Desliens igneous suite. The inference
of crustal contamination is supported, in part, by the pres-
ence of inherited zircon within tonalite of the suite as well
as the presence of local garnet. The former are considered to
have been derived from pre-metamorphic sedimentary rocks
of the region, and the latter from local crustal rocks, in the
marginal zones of some intrusions (Percival et al., 2003).

IMPLICATIONS FOR THE PETROGENESIS OF

ROCKS OF THE DESLIENS IGNEOUS SUITE AND

GABBRO–ULTRAMAFIC ROCKS

Percival (1991a) and Percival et al. (2003) indicated
that although the ultramafic units and rocks of the Desliens
igneous suite have analogous field relations and similar tex-
tures and anhydrous assemblages, a lack of rocks having
compositions intermediate between pyroxenite and diorite
precluded a mutual relationship through crystal-liquid frac-
tionation. In addition, rocks with compositions more mafic
than diorite are very rare in TTG (adakitic) suites (Drum-
mond and Defant, 1990). This observation does not neces-
sarily negate a relationship through other petrogenetic
processes such as variable degrees of fluid- and melt-related
interactions and crustal input through subduction process.
Percival et al. (2003) proposed the most likely setting for the
formation of the suite was above a subducting, hot oceanic
slab. This resulted in fluid-melt metasomatism of the over-
lying arc lithosphere in the hanging wall, and low degrees of
partial melting in the mantle wedge. This was hypothesized
to precede ridge-trench collision. The authors argued that a
variety of processes may be responsible for producing the
major- and trace-element characteristics of the suite, and
that their high Mg#, Cr, Ni and light-REE enrichment  may
be explained by introducing variable amounts of slab-melt
flux into the asthenospheric  mantle source. Although a
direct geochemical link between the calc-alkaline Desliens
igneous suite and the ultramafic rocks with tholeiitic to arc-
transitional affinity is not apparent, a similar scenario may
be suggested for the formation of the gabbro and ultramafic
rocks.

The influence of melt- and fluid-related enrichment and
the effects of slab melting and continental contamination of
the source rocks are investigated in Figure 12A and B. In the
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Figure 10. Th/Yb vs Nb/Yb diagram illustrating the position
of the mantle array, tholeiitic, calc-alkaline and shoshonitic
fields and vectors for rocks enriched by input from a sub-
duction component, crustal contamination and deep crustal
recycling (after Pearce, 2008). Positions of average crustal
values – LCC (lower continental crust), MCC (middle con-
tinental crust), UCC (upper continental crust) from Rudnick
and Gao (2003). Symbols as in Figure 4.
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Nb/Zr vs Th/Zr-diagram (Figure 12A: Kepezhinskas et al.,
1997) the gabbro, ultramafic rocks and the tonalites all have
narrow ranges in Nb/Zr, plotting roughly parallel to the
fluid-related enrichment trend. This suggests that fluid
enrichment, likely through mantle metasomatism, may have
had a significant effect on the source of the mafic–ultramaf-
ic rocks and the tonalitic units of the suite. Low Nb/Zr ratios
implies that enrichment of their source through interaction
with mantle melts may not have been important in the evo-
lution of these rocks. 

In the Th vs Nb/Th plot (Figure 12B; Zhao and Zhou,
2007), two contrasting trends are evident. The gabbro and
ultramafic rocks exhibit a steep negative correlation of
Nb/Th with Th, approximately paralleling the slab melt
trend and suggesting that varying proportions of slab melt
was involved in the formation of these rocks. The tonalitic
rocks of the Desliens igneous suite, however, have very con-
sistent low Nb/Th ratios that trend toward upper crust com-
positions (Rudnick and Gao, 2003). This observation sug-
gests that the source of the tonalites was strongly influenced
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Figure 11. Chondrite-normalized REE (A, C and E) and primitive mantle-normalized multielement plots (B, D and F) for the
rocks of the study area.  Normalizing values are after Sun and McDonough (1989). Silica contents are noted for the three
tonalites of this study in order to illustrate REE variation with respect to SiO2 content. 



T.S. van NOSTRAND

by crustal input. The contrasting trends for the gabbroic and
ultramafic rocks versus the tonalites indicate there may have
been different amounts of slab melting, mantle source
enrichment via fluids and crustal contamination in the evo-
lution of the rocks of the region and their mutual relation-
ship is equivocal.

The similarity in their field relationships with other
units, their textures and bulk compositions indicate that the
ultramafic rocks are likely a related suite of pretectonic
cumulate rocks having transitional tholeiite–calc alkaline
affinities. The two crosscutting ultramafic intrusions in the
western study area have similar major- and trace-element
characteristics perhaps suggesting that the smaller intrusion
is a later phase of the larger sill and that these ultramafic
rocks have a more complex evolution than previously rec-
ognized. Despite similar mineral assemblages and textures,

the contrasting field relationships (i.e., a concordant sill
compared to an irregular-shaped pluton) and differing bulk
compositions suggest that the gabbro sill and pluton are not
likely related and could represent different generations of
intrusion. The gabbro sill, however, has a similar intrusive
relationship and exhibits some major-, trace- and rare-earth
element characteristics comparable to several ultramafic
sills. The gabbro sill contains equivalent Ni, Cr and MgO
has comparable Ti and Nb depletion, and similar REE abun-
dances, suggesting similar mantle sources for the gabbro sill
and the ultramafic rocks.

Additional geochemical analyses and precise
geochronology of the gabbroic and ultramafic rocks, includ-
ing a more comprehensive study of the individual compo-
nents of the larger, layered ultramafic sills, are required to
definitively evaluate the petrogenetic relationships of these
rocks. Although gabbroic rocks are uncommon in the study
area, analyses of other gabbroic sills and plutons in other
parts of the Ashuanipi Complex would contribute to a better
understanding of their relationship with the ultramafic rocks
and if there is a petrogenetic association with the more calc-
alkaline rocks of the Desliens igneous suite. 

IMPLICATIONS FOR MINERAL POTENTIAL OF

ROCKS OF THE REGION

Tonalite–trondhjemite–granodiorite suites or adakitic
rocks have been genetically linked to the majority of the
world’s Cu–Au mineralization (Mungall, 2002) and this
association could be significant in terms of the mineral
potential of the calc-alkaline granitoids of the Desliens
igneous suite. Moritz and Chevè (1992) investigated gold
mineralization hosted in iron formation rocks in the north-
eastern Ashuanipi Complex and suggested that post-meta-
morphic mineralizing fluids acted as a transporting agent.
They further proposed that these fluids may have been con-
trolled by the lithology of the immediate wall rock and were
distinct from “regional” fluids trapped in the metatexite and
diatexite units. Although the source of the gold is unknown,
Percival et al. (2003) suggested that the relatively high tran-
sition metal content of the rocks of the suite may indicate a
potential for these rocks to host elevated gold. 

The anhydrous nature of the Desliens igneous suite may
limit the involvement of magmatic fluids as transporting
agents. However, if local fluids can be sourced from
hydrous wall rocks such as migmatitic metasedimentary
gneiss or later granitoid intrusions, then these wall rocks
may act as an important source of hydrothermal fluids for
transporting sulphides along zones of structural weakness.

The east-southeast-striking fault in the southern study
area that cuts through the rocks of the Desliens igneous suite
may be a prospective area for mineralization (Figure 3).
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Figure 12. A) Nb/Zr vs Th/Zr–plot showing trends typical of
fluid- and melt-related enrichment of mantle source rocks
(Kepezhinskas et al., 1997). B) Nb/Th vs Th plot illustrating
effects of the addition of slab melt and continental crust to
a mantle source (after Zhao and Zhou, 2007). Primitive
mantle values after Sun and McDonough (1989).
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Local syn-tectonic quartz veins cut tonalite to granodiorite
gneiss along this fault zone (van Nostrand and Bradford,
2014) and could be a potential host for gold mineralization.
Several northeast-striking lineaments that cross this fault
may be late stage fractures or faults, also with a potential for
fluid migration and metal deposition. Five slightly elevated
gold-in-lake sediment values, ranging from 5.7 to 8.1 ppb
Au, occur proximal to the junction of the southeast-striking
fault and the strong northeast-striking lineament, immedi-
ately west of the ultramafic body, and may indicate possible
gold mineralization in the tonalite intrusions (Unit At-gn,
Figure 3).

In the study area, work related to economic mineraliza-
tion is limited to cursory sampling of local gossan zones in
foliated and gneissic granitoid rocks (tonalite to diorite com-
position) as part of industry and government surveys.
Pyrrhotite, arsenopyrite, chalcopyrite and minor bornite
occur as local disseminations in altered pyroxenite zones
occurring along contacts with enclosing metasedimentary
gneiss and diatexite. These have slightly elevated gold and
base-metal values. One tonalite sample from this study
returned a value of 6 ppb Au (sample 13VN076A02, Table
1). Despite the local occurrence of mineralization in these
rocks, the overall elevated transition element contents (Per-
cival et al., 2003 and this study, Table 1) might indicate a
potential for these rocks to either host or be a source of min-
eralization. Deposits would be associated primarily with
lithological contacts, shear zones and faults where fluid
mobility would be favourable. 

Gabbroic and ultramafic rocks have the potential to
contain two main base-metal deposit types: 1) primary mag-
matic Ni–Cu–(PGE) deposits and; 2) remobilized sulphide
mineralization related to hydrothermal activity along local
shear zones, faults and lithological contacts. A third,
although probably less prospective type, are stratiform
chromite deposits. 

Arndt et al. (2005) divided primary magmatic deposits
into three types, formed by segregation of immiscible sul-
phide liquids from mafic and ultramafic silicate magmas.
Type I deposits form early in the crystallization history as
massive and disseminated layers at or near the base of intru-
sions. Type II mineralization forms later in the crystalliza-
tion history as stratabound layers with variable disseminat-
ed sulphide textures. Type III deposits form thin stratiform
layers (reefs) during fractional crystallization of thick flows
and sills. The main conditions required for the formation of
Type I and II magmatic Ni–Cu–PGE deposits include: the
production of large quantities of hot, primitive (mantle-com-
patible element fertile) magma, sulphur-undersaturation of
the magmas during segregation and ascent, and assimilation
of sulphur-rich crustal rocks to form and concentrate the sul-

phide minerals (Arndt et al., op.cit.). Type III are low sul-
phur deposits and are more dependent on crystal fractiona-
tion and the formation of cumulate igneous layers.

In the study area, the movement of large quantities of
magma may have been limited as most of the boudinaged
sills are relatively small in dimension. However, as the
intrusions were emplaced into metasedimentary rocks, the
magma could have absorbed sufficient sulphur-bearing
crustal material during segregation and ascent to form mag-
matic sulphide deposits. Alternatively, if these processes
were not involved, low-sulphur Type III deposits may have
formed in the thicker ultramafic sills.

Mineralization in the gabbroic and ultramafic rocks
comprises sporadic disseminations in limonite-altered gos-
san zones and cm- to 10s of cm-wide, discontinuous layers
and lenses having 1-4% sulphides. The main sulphide phas-
es are pyrrhotite, chalcopyrite, arsenopyrite and minor bor-
nite. Schofield (2014) identified pentlandite intergrown with
pyrrhotite and chalcopyrite in the large sill (13VN127A02)
in the southern study area (Figure 3). Schofield (op. cit.)
also noted that the sulphides form dispersed, ovoid-shaped
blebs perhaps suggesting a primary magmatic origin for the
sulphides through the formation of immiscible droplets in a
sulphur saturated magma. Most of the sulphide mineraliza-
tion noted in the ultramafic rocks is associated primarily
with strongly altered and sheared sill margins and along
contacts of some individual cumulate layers. Because min-
eralization is apparently restricted to these settings, this sug-
gests that remobilization of primary magmatic sulphides,
possibly by movement of post-metamorphic fluids along
zones of structural weakness, is the main potential deposit
type in these rocks. 

Investigation of the mafic and ultramafic rocks  as
potential host rocks to base and precious metal mineraliza-
tion has only been carried out on a cursory basis. Thomas
and Butler, 1987), Dimmell (1989) and Graves (1992)
reported local elevated values of Au, Ni, Cu and Cr from soil
samples and from bedrock and boulder sampling of several
gossan zones. Some of these were associated with altered
mafic and ultramafic rocks. A value of 120 ppb Au was
returned from a mafic boulder sampled near the large sill
(13VN100A02) in the western study area (Figure 3: Thomas
and Butler (1987) and Graves (op. cit.) reported slightly ele-
vated values of 13 ppb Pd and 17 ppb Pt from a gossan in
this sill. Percival (1987) reported an anomalous value of 70
ppb Pt from a sulphide-bearing zone at the base of the large
ultramafic sill in the Pyroxenite Lake intrusion to the north
of the study area (Figure 3). Detailed lake-sediment surveys
(McConnell et al., 1989 and McConnell, 2012) indicate ele-
vated Au, Ni, Cr, Cu and V in areas underlain by some of the
larger ultramafic sills in the western and southern parts of
the study area.
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Two of the unaltered pyroxenite samples and the gabbro
sill from this study have slightly elevated gold values rang-
ing from 10–12 ppb Au. The pyrrhotite-bearing pyroxenite
yielded values of 11 ppb Au, 4560 ppm Cr, 4100 ppm Ti,
949 ppm Ni and 460 ppm Cu (sample 13VN107A03: Figure
3 and Table 1). Rare-earth element and multi-element plots
for this mineralized sample (Figure 11A, B) indicate a
strong enrichment in Ba and a weak addition of Sr, com-
pared to the unaltered sills, otherwise element concentra-
tions are very similar and show weak Nb, Th and Ti deple-
tion, slight LREE enrichment and a flat HREE profile. The
sample is also enriched in Rb (100 ppm, Table 1). The
enrichment of the altered sill margin in Ba, Rb and to a less-
er extent, Sr, would suggest the mineralization is associated
with the addition of LILE-enriched fluids, probably derived
from the adjacent migmatitic metasedimentary gneiss. The
elevated contents of Cr, Cu, Ti and slightly elevated Au in
the altered zone imply that some transition metals and gold
were remobilized and concentrated by these fluids along the
marginal zone of the intrusion. 

Although the sills in the study area are not continuous,
a few are 150–200 m thick, up to 1.5 km in strike length, and
are coincident with intense magnetic highs (see Figure 4,
van Nostrand and Bradford, 2014). Detailed study of all of
these intrusions is necessary to evaluate their mineralization
potential. Similar textures, in particular the presence of the
characteristic coarse-grained pyroxene oikocryst-rich cumu-
late layers along with comparable field relations and bulk
compositions support a petrogenetic link between the sills of
the study area and the larger Pyroxenite Lake intrusion in
adjacent Québec (Figure 3). 

More detailed mapping and systematic geochemical
sampling of the ultramafic sills and gabbroic intrusions
would provide a better understanding of the origin of these
rocks and whether they are mutually associated. Additional
analyses of mineralized zones, particularly for PGE content,
as well as ground-based electromagnetic geophysical sur-
veys of these units to better define the extent of individual
boudinaged sills and associated mineralization would pro-
vide a more comprehensive basis to evaluate the potential of
these rocks to host Au, Ni, Cr, Cu, Ti and PGE deposits. 
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APPENDIX

The following are brief descriptions of tonalite, gabbro and ultramafic rock samples collected from the study area. Locations
below are referenced in UTM coordinates, NAD 27, Zone 19 and are indicated on Figure 3. The descriptions and locations of
samples analyzed by Percival et al. (2003) and Morisett (1988) are not included.

Ultramafic Samples

13VN073A02 (UTM-620907E / 6039286N)

Dark-weathering, fine- to medium-grained, strongly foliated homogeneous pyroxenite sill margin. Contains 80–85% ortho-
and clinopyroxene, 5% olivine, 5% plagioclase+amphibole. 

13VN100A02 (UTM-617989E / 6045341N)

Dark-weathering, medium-grained, strongly foliated, homogenous pyroxenite containing 85–90% orthopyroxene, 5%
clinopyroxene and 5% combined olivine, plagioclase and magnetite. 

13VN107A03 (UTM-623116E / 6040172N)

Fine- to medium-grained, brown-weathering, locally layered, 15-m-thick ultramafic sill consisting primarily of pyroxenite
with local websterite. The sill intrudes well-banded migmatitic granodiorite gneiss. The sample was collected from a 1-m-
wide limonite-altered gossan zone in pyroxenite along the sill–gneiss contact and contains 1–4% disseminated pyrrhotite and
trace chalcopyrite. 

13VN127A02 (UTM-623822E / 6034048N)

Black- to grey-weathering, coarse-grained porphyritic pyroxenite varying locally to websterite. Contains partially altered relict
orthopyroxene and clinopyroxene igneous phenocrysts up to 2.5 cm in diameter with a matrix of 80% pyroxene, 10% olivine,
5–10% plagioclase+amphibole. 

13VN129A02 (UTM-628667E/6029491N)

Grey- to black-weathering, medium-grained, strongly foliated pyroxenite. The rock consists of 90% ortho- and clinopyroxene
and 10% combined olivine, amphibole and minor plagioclase and exhibits a very weak compositional layering. 

13VN131A02 (UTM-624913E / 6034524N)

Black- to grey-weathering, medium-grained, strongly foliated pyroxenite grading to websterite with 5–10% olivine. Rock con-
tains orthopyroxene, olivine, biotite, amphibole and magnetite. 

13VN139A02 (UTM-617614E / 6045105N)

Medium- to coarse-grained, homogeneous, moderate to strongly foliated pyroxenite. This is the primary rock type of the large,
northeast-striking sill in the western study area. Contains 85–90% orthopyroxene+clinopyroxene, less than 5% olivine and
minor spinel and magnetite.

13VN139B02 (UTM-617614E / 6045105N)

Fine-grained, brown-weathering, weakly foliated pyroxenite varying locally to websterite, which truncates the strong fabric
in the coarse-grained pyroxenite described above (VN-139A02) and appears to be a separate, later dyke or minor intrusion.

Gabbro Samples

13VN074A02 (UTM-622716E / 6047677N)

Medium-grained, massive to weakly foliated gabbro grading locally to meladiorite. Rock consists of plagioclase, clinopyrox-
ene, orthopyroxene, amphibole and minor magnetite. 

13VN202A02 (UTM-615928E / 6050709N)

Medium-grained, grey-green-weathering, moderately foliated concordant gabbro sill intruding well-banded metasedimentary
gneiss. The contact of the gneiss and gabbro is locally marked by local gossan zones. The sampled sill margin is melagabbroic
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in composition  and consists of 65% ortho- and clinopyroxene, 10–15% plagioclase, 10% amphibole+magnetite. The gabbro
is slightly less mafic in the interior of the sill.

Tonalite Samples

13VN045A02 (UTM-641783E / 6041063N)

Medium- to fine-grained, well-banded, migmatitic garnet+orthopyroxene+biotite tonalite gneiss. The sample has a similar tex-
ture to that shown in Plate 2. 

13VN076A02 (UTM-620404E / 6045308N)

Medium-grained, grey-weathering, massive to weakly foliated tonalite with 1–2 cm anhedral orthopyroxene grains, interpret-
ed as relict igneous oikocrysts. Also contains plagioclase, biotite and minor magnetite, and the sample has a similar texture to
that shown in Plate 1.

13VN085A02 (UTM-620076E / 6042654N)

Grey-weathering, strongly foliated, medium- to coarse-grained plagioclase+garnet+orthopyroxene+biotite+magnetite tonalite.
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