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INTRODUCTION

Investigations of orthomagmatic nickel-copper-plat-
inum group element (Ni-Cu-PGE) mineralization in
convergent-margin or supra-subduction-zone plate tec-
tonic settings were carried out as part of the magmatic-
hydrothermal nickel-copper-PGE ore system and con-
vergent-margin Ni subprojects under the Targeted
Geoscience Initiative 4 (TGI-4; Ames and Houlé, 2011;
Ames et al., 2012). Our convergent-margin Ni-Cu-PGE
study has a number of objectives: (1) examine the
potential for economic Ni-sulphide deposits in an
unconventional convergent-margin tectonic setting; (2)
determine the principal factors that influence the gene-
sis of magmatic Ni-Cu-PGE sulphide mineralization in
the subduction-zone environment; and (3) evaluate
exploration criteria for the discovery of economic min-
eralization in Canada and orogenic belts globally. To
meet these objectives, we have (1) conducted a compi-
lation of select global ultramafic-mafic intrusions that
host Ni-sulphide deposits and prospects in convergent-
margin settings; (2) investigated the ore-forming char-
acteristics and mode of occurrence of Ni-Cu-PGE min-
eralization in two ultramafic intrusions in the Canadian
Cordillera that have contrasting petrogenetic affilia-
tions, including the Turnagain Alaskan-type intrusion,

which characteristically lacks orthopyroxene, and the
orthopyroxene-rich Giant Mascot intrusion; and (3)
made a preliminary evaluation of factors that may
influence the prospectivity of ultramafic-mafic intru-
sions at convergent margins for significant Ni-Cu-PGE
mineralization. From our studies, which are summa-
rized below, we contend that (1) the nature of ultra-
mafic-mafic intrusions that host Ni-Cu-PGE mineral-
ization at convergent margins is more diverse than gen-
erally realized; (2) the principal factors that promote
magmatic sulphide mineralization in the relatively oxi-
dizing environment of subduction zones are akin to
those involved in the generation of major Ni-sulphide
deposits in other tectonic environments; and (3) the
potential for the discovery of economic deposits at con-
vergent margins is currently underestimated. 

CONVERGENT-MARGIN 
Ni-Cu-PGE DEPOSITS

Most of the world’s major magmatic Ni-Cu-PGE
deposits are hosted by ultramafic-mafic intrusions and
volcanic rocks in various rift-related settings (summa-
rized by Naldrett, 2010). Magmatic Ni-Cu-PGE sul-
phide deposits at convergent margins are becoming an
increasingly important resource worldwide, yet are still
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poorly understood and underexplored. Traditionally,
subduction-zone settings have been regarded as
unfavourable environments for nickel exploration due
to the relative paucity of economically exploitable
deposits. Consequently, mineral deposit models for
magmatic Ni-sulphide mineralization at convergent
margins have emerged only recently (e.g. Ural-Alaskan
NC-7: Naldrett, 2010). 

A compilation of selected global Ni-Cu±PGE
deposits and prospects at convergent margins, which
included factors such as age, host-rock characteristics,
and other pertinent features, indicates that the occur-
rence of these deposits is more common and the num-
ber of similarities among them is greater than previ-
ously considered (Fig. 1, Table 1). All of the ultra-
mafic-mafic intrusions that host Ni-sulphide mineral-
ization that were compiled are in deformed and meta-
morphosed, arc-related accretionary terranes, and their
ages range from Late Cretaceous (Giant Mascot, ca. 93
Ma) to Neoarchean (Gordon Lake and the Quetico
intrusions, ca. 2.7 Ga; Table 1). All of these intrusions

are reported to contain magmatic “hornblende” (typi-
cally tschermakite, pargasite, magnesiohornblende,
magnesiohastingsite, and edenite), especially those
with ultramafic suites. To aid in distinguishing differ-
ent intrusion types, we have adopted a simple miner-
alogical classification (discussed below). 

The intrusions are generally small (<4 km2) and
form composite or simple dykes, plugs, and sill-like
bodies. They exhibit a well developed (rare) to crudely
concentric, bilateral, or unilateral arrangement of rock
units separated by sharp to gradational contacts, and
have centimetre-scale (rare) to hectometre-scale (com-
mon) layering, or no discernible internal structure. 

Intrusions considered to have been emplaced in
supra-subduction regimes include Alaskan-type bodies
in southeastern Alaska (Himmelberg and Loney, 1995),
British Columbia (Nixon et al., 1997), and the
Portneuf-Mauricie Domain intrusions in Quebec
(Sappin et al., 2009, 2011). Although some intrusions
bear the geochemical fingerprint of subduction-modi-
fied mantle source regions, such as the Permian intru-
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Figure 1. Global occurrences of selected orthomagmatic Ni-Cu±PGE deposits and prospects hosted by orthopyroxene-absent
(Alaskan-type) and various orthopyroxene-rich ultramafic-mafic intrusions (Giant Mascot-type, gabbroic and orthopyroxene-pla-
gioclase (Opx-Pl)-type) in convergent-margin plate tectonic settings, and world-class Ni-sulphide deposits/mining camps in
other tectonic environments. Deposits listed in bold represent TGI-4 study locations. Numbered deposits/prospects correspond
to those in Table 1 (generalized orogenic belts taken from Guillot et al., 2009; Mercator projection). 
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sions in the Central Asian Orogenic Belt, they are
regarded by some authors as “post-orogenic” (i.e. syn-
or post-collisional) and are thought to be related to
decompression melting of upwelling mantle asthenos-
phere that has been contaminated by a subduction com-
ponent (Li et al., 2012; Sun et al., 2013a; Xia et al.,
2013). Others consider these intrusions the result of a
short-lived extensional event within the orogen gener-
ated by mantle plume activity (Zhang et al., 2010; Su et
al., 2013). In the case of the Early Carboniferous (ca.
341 Ma) Aguablanca Ni-Cu-PGE deposit, which is
Europe’s only nickel mine, and the nearby Tejadillas
prospect (ca. 336 Ma) in Spain, geochronological and
geochemical data support the concept of an Andean-
style convergent margin with a transpressional mag-
matic arc, whereas geophysical evidence has been used
to invoke a mantle plume origin for the mineralized
intrusions (Casquet et al., 2001; Tornos et al., 2001;
Piña et al., 2006, 2010, 2012). 

A plot of grade versus tonnage (Fig. 2) shows that
significant Ni metal resources are contained in deposits
formed in convergent-margin settings. Low-grade Ni-
sulphide mineralization in the Turnagain Alaskan-type
intrusion ranks among the top ten largest deposits in

the world in terms of contained Ni metal, constituting
a total resource of ~1842 Mt of ore with an average
grade of 0.21 wt% Ni and 0.013 wt% Co (Mudd and
Jowitt, 2014). Some of the largest Ni-Cu±PGE deposits
being mined in China today are found in the accreted
island arc terranes of the Central Asian Orogenic Belt,
examples of which include the Kalatongke mine with
ores grading ~0.6–0.9 wt% Ni and 1.1–1.4 wt% Cu; the
135 Mt Huangshandong deposit with a grade of 0.30
wt% Ni and 0.16 wt% Cu; and neighbouring
Huangshanxi ores at 80 Mt with an average grade of
0.54 wt% Ni and 0.30 wt% Cu (Table 1). The total Ni
metal resource for magmatic Ni-Cu sulphide deposits
in the Huangshandong-Huangshanxi district alone
approximates one million metric tonnes (Mao et al.,
2008). 

CLASSIFICATION: 
BACK TO THE FUTURE

Alaskan-type (Ural-Alaskan or concentrically zoned)
intrusions in convergent-margin settings are well docu-
mented (e.g. Himmelberg and Loney, 1995; Nixon et
al., 1997; Johan, 2002). The classic petrological studies
of Taylor and Noble (1960), Noble and Taylor (1960),
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Taylor (1967), and Irvine (1974) were influenced by a
concentric zonation of rock types in the larger bodies.
They defined Alaskan-type intrusions as a distinctive
suite of ultramafic(±gabbroic) rocks characterized by
peridotite (dunite-wehrlite) in the core, passing out-
ward into olivine clinopyroxenite, clinopyroxenite and
hornblendite ± gabbro at the margin. The principal
minerals forming the ultramafic rocks are olivine
(+minor chromite) and clinopyroxene with magnetite
and hornblende occurring in clinopyroxenite and horn-
blendite; orthopyroxene is typically absent and plagio-
clase is extremely rare. Cumulus textures are common
and provide ample evidence for differentiation by crys-
tal fractionation and mineral concentration processes.
In general, Alaskan-type intrusions are considered to
occur in sulphide-poor magmatic environments and are
known primarily for their dunite-hosted, chromitite-
PGE mineralization that provides most of the world’s
important platinum placer deposits (e.g. Tulameen,
British Columbia, Nixon et al., 1990; Johan, 2002;
Weiser, 2002).

Modern “petrotectonic” classification schemes for
Ni-sulphide deposits tend to focus on the nature of
parental magmas associated with rocks that host the
deposits and their plate tectonic setting (e.g. Naldrett,
2011). Since cumulus and postcumulus minerals pro-
vide information regarding the nature of parental mag-
mas and liquid line of descent, we propose a miner-
alogical framework to distinguish different types of
ultramafic-mafic intrusions in convergent-margin set-
tings. 

Modal analyses for ultramafic rocks from two well
known Alaskan-type intrusions, Duke Island and
Tulameen, and the Giant Mascot intrusion are distinct
on the International Union of Geological Sciences
(IUGS) classification scheme (Fig. 3). Alaskan-type
intrusions lack orthopyroxene and fall exclusively
along the olivine-clinopyroxene (Ol-Cpx) join in the
hornblende-free plot; hornblende-bearing rocks are pre-
dominantly olivine-hornblende clinopyroxenite, horn-
blende clinopyroxenite, clinopyroxene hornblendite
and hornblendite, and minor hornblende wehrlite (Fig.
3b). In contrast, the majority of ultramafic rocks at
Giant Mascot, including those hosting Ni-sulphide
ores, are hornblende harzburgite, hornblende web-
sterite, two-pyroxene hornblendite, and hornblendite
(including plagioclase-bearing pyroxenite), and minor
hornblende dunite, olivine-hornblende pyroxenite, and
hornblende orthopyroxenite (Fig. 3c). We have used
these mineralogical traits to identify orthopyroxene-
free Alaskan-type (sensu stricto) and orthopyroxene-
rich Giant Mascot(GM)-type intrusions that host mag-
matic Ni-Cu±PGE sulphide mineralization (Table 1).
These affiliations rely strongly on petrographic descrip-
tions of the ultramafic rocks. Mineralized gabbroic

intrusions in convergent-margin settings that appear to
lack an ultramafic component (e.g. Kalatongke, Table
1) or carry unmineralized ultramafic inclusions (e.g.
Aguablanca, Table 1) are designated as “gabbroic”. In
addition, certain ultramafic-mafic suites in the
Portneuf-Mauricie Domain, a Proterozoic island arc
terrane (Sappin et al., 2009, 2012), that co-crystallized
plagioclase and amphibole after orthopyroxene, are
provisionally distinguished as a separate orthopyrox-
ene-plagioclase group (Opx-Pl, Table 1). 

IMPLICATIONS OF THE
MINERALOGICAL CLASSIFICATION

A number of mineralized ultramafic-mafic intrusions
that have been documented as Alaskan-type in the lit-
erature have a clear GM-type affiliation. These include
Gabbro Akarem and Genina Gharbia in Egypt (Helmy
and Mogessie, 2001; Helmy and El Mahallawi, 2003;
Helmy, 2004) and many intrusions in the Central Asian
Orogenic Belt (Xiao et al., 2004, 2010; Table 1). Our
reclassification has no impact on paleotectonic inter-
pretations, but may have an important bearing on the
interpretation of the petrogenetic history of a given
intrusion, and thus critical factors that lead to the for-
mation of an economic magmatic sulphide deposit. 

The mineralogical affiliations distinguished above
are taken to reflect important petrogenetic variables
such as the composition of parental magma, and/or
pressure and water fugacity (ƒH2O) conditions of crys-
tallization. Previous studies of magmatic Ni-Cu±PGE
deposits have shown that parental magma composi-
tions believed to be consistent with the nature and
order of crystallization of cumulus phases include (1)
moderately magnesian basalt (e.g. ~6–8.5 wt% MgO at
Kalatongke: Li et al., 2012); (2) high-MgO basalt (e.g.
~9–13 wt% MgO at Huangshandong: Mao et al.,
2014a; Huangshanxi: Mao et al., 2014b; Hongqiling
No. 7: Wei et al., 2013; and Erhongwa: Sun et al.,
2013b); and (3) for those intrusions particularly
enriched in orthopyroxene, a “boninitic” parent has
been proposed (e.g. Erbutu: Peng et al., 2013; and the
recently documented Xiarihamu intrusion: Li et al.,
2015). Due to the presence of hornblende±phlogopite,
all authors conclude that parent magmas feeding the
intrusions are hydrous, which reduces the stability of
plagioclase relative to olivine and pyroxene in the
melts. High modal proportions of orthopyroxene may
indicate crustal contamination, which potentially has
links to early sulphide saturation and ore-forming
processes, as explored in the case studies summarized
below. 

GIANT MASCOT

Studies of the Giant Mascot Ni-Cu-PGE deposit, which
is the only significant nickel deposit ever mined in
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British Columbia (1958–1974; Table 1), build upon the
pioneering work of Aho (1954, 1956). The deposit is
hosted by the Giant Mascot ultramafic intrusion situ-
ated at the southeastern margin of the Coast Plutonic
Complex (Fig. 4). The ultramafic body forms a small

elliptical plug (3 x 1.3 km) intruding amphibolite-facies
metasedimentary rocks of the Upper Triassic Settler
schist and Late Cretaceous Spuzzum pluton (Fig. 5). A
crude zonation of ultramafic lithologies has been
mapped ranging from an olivine-rich core (dunite-peri-
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dotite) through pyroxenite to a thin, discontinuous rim
of hornblendite and hornblende gabbro (Figs. 3, 5;
Manor et al., 2014, 2015a). Chemical abrasion-isotope
dilution-thermal ionization mass spectrometry (CA-
ID-TIMS) U-Pb and 40Ar/39Ar geochro-nology on zir-
con and hornblende/biotite, respectively, has estab-
lished the Giant Mascot ultramafic suite as Late
Cretaceous (ca. 93 Ma) and the Spuzzum diorite as
slightly older, but statistically distinct (ca. 95 Ma:
Manor, 2014). 

Structure of Sulphide Orebodies

The main locus of mineralization at Giant Mascot is
oriented at N70°E, passing through Zofka Ridge
(Brunswick to Climax orebodies, Fig. 5). The Ni-sul-
phide ore shoots form steeply plunging, pipe-like and
lensoid structures, and atypical, steeply dipping tabular

bodies that are ~5–75 m long, ~5–30 m wide and
extend ~15–350 m in depth (Manor et al., 2015a).
Orebodies are classified as zoned or unzoned, based
primarily on textures of the ores (Aho, 1954, 1956).
Zoned orebodies are concentrically zoned with dissem-
inated to net-textured sulphides surrounding massive
ore, where mineralization is confined to olivine-rich
host rocks (dunite and peridotite). Unzoned orebodies
are predominantly lensoid to tabular structures contain-
ing semimassive to massive mineralization. All ore-
bodies are associated with olivine-bearing ultramafic
rocks. We follow the original descriptions of Aho
(1954, 1956) and interpret the Giant Mascot orebodies
to represent subvertical crustal conduits through which
multiple magma pulses ascended. This is evidenced by
sharp lithological contacts, reversely zoned ore shoots
cored by barren peridotite, and arcuate ore lenses pos-
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sibly formed by collapse of partially solidified wall-
rock cumulates (Manor et al., 2015a). 

Ni-Cu-PGE Sulphide Mineralization

Sulphides at Giant Mascot exhibit orthomagmatic tex-
tures involving disseminated, net-textured, semimas-
sive, and massive ores, and local Cu-rich veins. The
principal base-metal sulphide minerals are pyrrhotite
(both monoclinic and hexagonal varieties), pentlandite,
chalcopyrite, minor pyrite, and trace amounts of troilite
(exsolution flames in pyrrhotite), violarite and poly-
dymite. Sulpharsenide minerals (e.g. gersdorffite,
cobaltite, nickeline) are commonly associated with
platinum group telluride or bismuthotelluride minerals
(e.g. merenskyite, moncheite, palladian melonite), rare
arsenide (sperrylite, hollingworthite) and precious
metal minerals (hessite, altaite: Manor et al., 2014).
The mineralogical and textural relationships between
platinum group minerals and sulphide in Giant Mascot
ores suggest that PGE were initially collected by an
immiscible sulphide liquid and subsequently fraction-
ated and crystallized from a semimetal-rich melt
(Manor et al., 2014). 

Platinum group elements in the ores are character-
ized by variable concentrations that define two geo-
graphic groupings: iridium-group PGE (IPGE: Ir, Ru)
are depleted in the western part of the mineralized zone
(WMZ: Pride of Emory and Brunswick cluster; Fig. 5),
whereas IPGE are enriched in the central and eastern
orebodies (EMZ: all orebodies east of and including
4600; Fig. 5). These differences broadly correlate with
the texture and base-metal tenor of sulphide ores (i.e.
concentration in 100 wt% sulphide equivalent) such
that higher tenor sulphides are more common in dis-
seminated ores of the EMZ, whereas moderate tenor
sulphides are more typical of net-textured and massive
ores in the WMZ (Manor et al., 2015a). The differences
in IPGE concentrations and mantle-normalized enrich-
ment patterns indicate the presence of two distinct
parental magmas (Manor et al., in press). Modeling
results detailed by Manor et al. (in press) indicate that
disseminated ores represent sulphide melt with
upgraded metal contents due to extensive interaction
and scavenging of metals from silicate melt, whereas
net-textured sulphides with low-PGE but high-Cu con-
centrations, originated from a more fractionated mono-
sulphide solid solution. 

Parental Magma and Ore-Forming
Mechanisms

Olivine compositions in barren and mineralized ultra-
mafic rocks of the Giant Mascot intrusion range from
Fo80 to Fo89, with the greatest variation in nickel con-
tents (386–3859 ppm Ni) occuring in mineralized peri-
dotite and pyroxenite (Manor, 2014). Petrographic evi-

dence and modeling results indicate that anomalously
high-Ni content in olivine appears to reflect subsolidus
equilibration with Ni-rich sulphide liquid, which
appeared early in the crystallization history (<20%
crystallized) of a moderately magnesian (~9 wt%
MgO) parental magma (Manor et al., in press). From
the partitioning of Ni and Fe between olivine and sul-
phide liquid, we determined that the oxygen fugacity of
the system at the time of formation of the Giant Mascot
ores was relatively reduced (~1 log unit above the
quartz-fayalite-magnetite buffer; ΔQFM+1), similar to
sulphide deposits formed worldwide in less oxidizing
tectonic environments (e.g. rift-related settings). The
mechanism for reduction of these parental arc magmas
is considered to be assimilation of graphite from the
Settler schist. Sulphur isotopic compositions of miner-
alized samples occupy a narrow range of δ34S values 
(-3.4 to -1.3‰) that overlap with those determined for
pyrite in graphitic Settler schist (δ34S = -5.4 to -1.2‰),
and are permissive of assimilation of crustal sulphur as
a principal mechanism for sulphide saturation (Manor
et al., in press). Independent evidence for addition of
silica to the parental magma, which also serves to pro-
mote sulphide saturation (e.g. Irvine, 1975), is found as
abundant xenoliths of diorite and Settler schist, and zir-
con xenocrysts in Giant Mascot pyroxenite derived
from the Spuzzum pluton (Manor et al., 2015a). 

TURNAGAIN

The Turnagain Alaskan-type ultramafic-mafic intru-
sion is hosted in Late Paleozoic metasedimentary and
metavolcanic rocks of the Yukon-Tanana terrane in
northern British Columbia (Figs. 4, 6). Our study has
focused primarily on the youngest hornblende-bearing
ultramafic intrusive phase with an anomalous Cu-PGE
signature, the DJ/DB zone, and augments previous
investigations of the geology and significant Ni-Cu-Co
sulphide resource of the Horsetrail zone (Figs. 4, 6;
Clark, 1975, 1980; Nixon et al., 1989; Nixon, 1998;
Scheel, 2007; Scheel et al., 2009). Below we summa-
rize some aspects of the earlier work in order to place
our current studies in context. 

Recent fieldwork has confirmed that the elongate
(8.5 x 3 km) Turnagain ultramafic body is a composite
intrusion with at least four distinct intrusive phases,
comprising dunite and wehrlite(±phlogopite), clinopy-
roxenite(±olivine±hornblende±phlogopite/biotite±
magnetite), and minor hornblendite with a dioritic
intrusion in the core (Fig. 6). U-Pb Thermal Ionization
Mass Spectrometry (TIMS) and 40Ar/39Ar geochronol-
ogy on zircon/titanite and hornblende/phlogopite,
respectively, have yielded an Early Jurassic age (ca.
190 Ma) for the intrusion as a whole (Scheel, 2007). 

The DJ/DB prospect is hosted by a poorly exposed,
younger ultramafic intrusion centred 2.5 km northwest
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of the Horsetrail zone (Fig. 6). The main lithologies are
hornblende(±biotite) clinopyroxenite, magnetite-rich
(<20 vol%) clinopyroxenite, olivine clinopyroxenite,
and hornblendite with minor wehrlite, locally cut by
veins of hornblende- or biotite-rich pegmatite, and
dioritic dykes of the younger Phase 4 pluton (Fig. 6).
The rocks are fine to very coarse grained, interlayered
with sharp to gradational (>10 m) contacts, and thick-

nesses of the different rock types in drill core range
from 15 to 155 m (Jackson-Brown et al., 2014). 

Ni-Cu-PGE Sulphide Mineralization

The large tonnage, low-grade Ni-sulphide resource
defined by Hard Creek Nickel Corporation (Table 1) is
hosted by olivine-clinopyroxene cumulates (dunite-
wehrlite with minor olivine clinopyroxenite) in the

Magmatic Ni-Cu-PGE sulphide deposits at convergent margins
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Horsetrail zone (Fig. 6). Sulphide concentrations
(~2–20 vol%) are commonly disseminated with local-
ized net-textures and thin (<20 cm), laterally discontin-
uous semimassive zones. The principal sulphide miner-
als are pyrrhotite (~90 vol%), pentlandite with minor
chalcopyrite and pyrite, accompanied by trace amounts
of violarite, bornite, millerite, molybdenite, valleriite,
and mackinawite (Clark, 1975). PGE concentrations in
mineralized samples reach ~4 g/t Pt+Pd but are typi-
cally much less (<100 ppb) and sulphide-rich samples
overall have an average Pt/Pd ratio of ~0.9 and a
median ratio of approximately 1 (Hard Creek Nickel
Corporation, unpub. data; Scheel, 2007). 

The abundance of sulphides in the DJ/DB zone
varies greatly (0–55 vol%) and textures range from dis-
seminated and net-textured to locally semimassive.
PGE abundances in mineralized samples reach up to
4.9 g/t Pd+Pt with average Pd/Pt ~1 (Jackson-Brown et
al., 2014, 2015, in prep). Mineralogical studies of min-
eralized samples from drill core have been conducted
by Jackson-Brown et al. (2014). The principal base-
metal sulphides are pyrrhotite and chalcopyrite with
minor pyrite and pentlandite, and accessory millerite,
sphalerite, bornite, siegenite, marcasite, galena, and
molybdenite. Sulpharsenide, sulphantimonide, and
arsenide minerals (<1 vol%; <100 µm) include cobal-
tite, gersdorffite-ullmannite, tucekite, hauchecornite,
and nickeline. A variety of platinum group minerals
(<40 µm) have been identified (all are platinum and/or
palladium species), including sperrylite, sudburyite,
palladian melonite, ungavaite, hongshiite, genkinite,
and testibiopalladite. 

Parental Magma and Ore-Forming
Mechanisms

Investigations of the composition of parental magmas
and ore-forming processes at Turnagain are currently
underway (Jackson-Brown, in prep.). However, some
observations from previous work are pertinent here.

The petrology of rocks from the Turnagain Alaskan-
type intrusion indicates that it was formed by the suc-
cessive emplacement and crystallization of primitive,
Mg-rich hydrous magma in a subduction setting
(Clark, 1975, 1980; Scheel, 2007). Evidence for the
primitive nature of the parental magma is found in the
most magnesian olivine (Fo92.5) in dunite that has not
re-equilibrated with chromite. The hydrous nature of
the parental magma is supported by (1) primary inter-
stitial phlogopite in olivine-clinopyroxene cumulates;
(2) late interstitial to cumulus hornblende in the
younger part of the composite intrusion; and (3) late
appearance of plagioclase as an interstitial or cumulus
phase relative to clinopyroxene and hornblende. 

The unusual occurrence of abundant magmatic sul-
phide in the Turnagain Alaskan-type intrusion is related

to the graphitic and sulphidic nature of its wall rocks.
Sulphide minerals from the Turnagain intrusion have
δ34S values from +1‰ (i.e. mantle-like) to -9.7‰,
shifted towards the composition of pyrite (-17.9‰)
from the enclosing graphitic phyllite (Scheel, 2007).
These results indicate that crustal sulphur was added to
the Turnagain parental magma and presumably aided in
achieving sulphide saturation. Inclusions of partially
digested, carbonaceous phyllite are abundant in drill
core from the Horsetrail zone, and graphite is com-
monly observed in ultramafic rocks in the mineralized
zones. The presence of graphite indicates that, at least
locally, the Turnagain parental magma may have had
ƒO2 near the carbon-carbon monoxide buffer (ΔFMQ =
-1) at upper crustal pressures and hydrous conditions.
Therefore, the phyllite inclusions acted as both a sul-
phur source and a reducing agent, allowing the
Turnagain intrusion to reach early sulphide saturation
in an otherwise oxidizing subduction zone environ-
ment. 

IMPLICATIONS FOR EXPLORATION

The economic potential of magmatic Ni-Cu-PGE min-
eralization hosted by a diverse suite of ultramafic-
mafic intrusions in convergent-margin tectonic settings
is presently underestimated. The prime example of this
deposit type in the Canadian Cordillera is the large ton-
nage, low-grade Ni sulphide endowment of the
Turnagain Alaskan-type intrusion, which is cur-
rently subeconomic. Other prospects are hosted by
Giant Mascot-type intrusions in the southern Coast
Plutonic Complex and include the Sable (BC MIN-
FILE 092HNW077), KATT (092GNE044), Jason
(092HNW076), and AL (092HNW040), as well as oth-
ers in the vicinity of the former Giant Mascot mine
(and see Pinsent, 2002). Exploration potential in other
subduction-related settings is underscored by the
recently discovered Xiarihamu Ni-sulphide deposit in
the East Kunlun orogenic belt at the northern margin of
the Tibetan Plateau, western China. Despite its current
subeconomic status, this magmatic Ni-Cu sulphide
deposit contains 100 Mt of ore at an average grade of
0.8 wt% Ni and 0.1 wt% Cu, which makes it one of the
20 largest magmatic Ni deposits in the world (Li et al.,
2015). Like most of the other deposits in convergent-
margin settings in China, ultramafic host rocks have
Giant Mascot-type affinity (Table 1).

Factors that appear fundamental to the genesis of
potentially economic magmatic Ni-Cu±PGE deposits
in subduction-related settings are similar to those that
determine world-class Ni deposits in other tectonic
environments. These include (1) primitive MgO- and
Ni-rich parental magmas; (2) favourable wall rocks
that can contribute crustal sulphur and/or reductants to
relatively oxidized and hydrous arc magmas, thereby
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promoting early sulphide saturation and formation of

an immiscible sulphide melt; and (3) restrictive conduit

systems capable of channelling new influxes of metal-

laden parent magma and serving as suitable traps for

the collection of upgraded Ni-Cu-PGE-enriched sul-

phides. 
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