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Abstract

Alkalic Cu-Au porphyry deposits in the Quesnel terrane of British Columbia represent an important source of Cu-Au and commonly contain
byproduct platinum group elements (PGE) and discrete platinum group minerals (PGM). Several studies have evaluated the occurrence of
PGM in alkalic porphyries in British Columbia, but the occurrence of PGM and the processes that drive PGE enrichment in this setting remain
incompletely understood. This study evaluates the paragenesis and mineral associations of PGM in the C and West Cave zones of the New Afton
deposit, using quantitative scanning electron microscopy-mineral liberation analysis (SEM-MLA). PGM occur in ore-stage mineralization from
most underground zones (e.g., C, West Cave, and East Extension) with the C and West Cave zones having the highest relative abundances
identified to date. The textures and mineral association of PGM of the C and West Cave zones indicate that they crystallized throughout the
paragenesis of these areas and are intergrown with the primary mineralogy of Fe oxide-apatite veins, Fe oxide-sulphide veins, sulphide veins,
zones of disseminated sulphides, and late-stage carbonate veins. Occurrences of PGM grains suggest contemporaneity with intense potassic and
sodic-potassic alteration, and PGM grains commonly co-occur with grains of electrum, tetrahedrite, and Ag-Hg tellurides. The distribution of
PGM in hypogene Cu-Au mineralization and late carbonate-bearing veins suggests the New Afton deposit had multi-stage PGE enrichment and
mobilization in the presence of magmatic fluids.
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1. Introduction Quesnel and Stikine terranes (Fig. 1) contain one of the largest

Canada (NRCan, 2024) and many of its trading partners concentrations of alkalic porphyry Cu-Au-Ag+Mo deposits in
identify platinum group elements (PGEs) as critical the world (Logan and Mihalynuk, 2014). In addition to primary
minerals (e.g., Table 1 in Hickin et al., 2024). PGEs are = Cu-AutAg production, these deposits contain significant
among the rarest elements in the Earth’s crust, typically PGE, Te, Re, Co, and Bi (Hofstra and Kreiner, 2020). Recent
having concentrations of <0.6 ppb (Rudnick and Gao, 2014).  work on alkalic porphyry deposits such as New Afton and
Deposits featuring high concentrations of these metals are =~ Kwanika (Fig. 2a) shows that PGEs commonly occur in high
relatively rare. Most of the world’s PGE supply is produced abundances with primary Cu-Au minerals, and in some cases are
as a byproduct or co-product of Ni and Cu refining outside of  concentrated in PGE-rich minerals (Hofstra and Kreiner, 2020;
North America (Gunn, 2014). As the need for PGEs grows, so  Boucher et al., 2023; Robb et al., 2023; Karatas Ahmadli, 2025;
too will the need for secure supply chains, including potential ~ Polar, 2025). Reliable prediction of PGE grade and production
domestic PGE sources (NRCan, 2024). requires detailed knowledge of PGE mineralogy (Bissig and

With the closure of Canada’s only primary PGE-producing  Cooke, 2014).
mine (Lac-des-Iles, Ontario) in 2026, domestic PGE production The New Afton alkalic deposit in south-central
in Canada will be primarily as a byproduct of nickel production  British Columbia is primarily a Cu-Au-Ag porphyry. However,
from magmatic sulphide deposits in eastern Canada. However,  ore from this deposit commonly has elevated concentrations
ore concentrates from several ‘alkalic’ porphyry Cu-Au- of PGEs (Pd >1 ppm) and hosts platinum group minerals
Ag+Mo deposits (Barr et al., 1976) in British Columbia contain ~ (PGMs; discrete Pd-Pt-Sb-As-Te-Hg-Bi mineral phases in
significant concentrations of PGEs (Nixon and Laflamme, 2002)  which PGEs are a major constituent by weight; Boucher et
that might support additional domestic PGE production. al., 2023; Robb et al., 2023). Limited metallurgical testing
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Fig. 1. a) Location of the New Afton deposit in British Columbia. Terranes modified from Colpron (2020). b) Locations of alkalic porphyry
deposits in Quesnel and Stikine terranes and the location of the Iron Mask batholith; modified after Logan and Mihalynuk (2014).
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Fig. 2. Geologic map showing the location of the New Afton deposit and other porphyry deposits in the Iron Mask batholith. Modified after

Logan et al. (2006) and Diakow and Mihalynuk (unpublished).

in 2024 produced an ore concentrate containing 62% copper
with 2.95 g/t of recoverable Pd (Parson et al., 2024). In this
paper, we report on the mineralogical and textural features of
rock types with anomalous PGE contents, and on microscale
mineral affinities and distributions of PGM in the New Afton
underground deposit. We highlight the occurrence of PGM
throughout the paragenesis of mineralization and importantly, in
secondary mineralization not typically targeted for production
at New Afton, such as Fe oxide veins, Fe oxide-apatite veins,
and late-stage carbonate veins.

2. Alkalic porphyry deposits

Porphyry deposits are low-grade high tonnage magmatic-
hydrothermal deposits that can be subdivided into calc-
alkalic and alkalic varieties based on the composition of
causative intrusions (Cooke et al., 2005; Sillitoe, 2010). In
British Columbia, alkalic Cu-Au porphyry deposits occur
mainly in arc settings (e.g., Logan and Mihalynuk, 2014) and
are classically associated with silica-undersaturated to saturated
intrusive rocks (Barr et al., 1976; Sillitoe, 2010). A distinctive
feature of alkalic porphyries is their discrete, magnetite-rich
alteration footprints. These footprints commonly comprise
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a high-temperature potassic (biotite-K-feldspar-magnetite),
calc-potassic (epidote-magnetite-actinolite-K-feldspar+garnet-
apatite), or calc-sodic (albite-epidote+diopside) cores
surrounded by zones of sericite-anhydrite-carbonate and
propylitic alteration (Lang et al., 1995a, b; Polar, 2025).
High-grade mineralization in alkalic porphyry deposits is
most commonly associated with potassic and calc-potassic
alteration (Cooke et al., 2007; Polar, 2025).

A number of studies have highlighted elevated PGE
concentrations in alkalic porphyry deposits and alkaline
igneous complexes in British Columbia (Fig. 1b), including
Mt. Polley (Pass et al., 2009; Pass, 2010), Galore Creek (Lang et
al., 1995b; Thompson et al., 2002), Lorraine (Nixon, 2003a;
Nixon and Peatfield, 2003), Mt. Milligan (LeFort et
al., 2011), Kwanika (Karatas Ahmadli, 2025), Ajax East,
New Afton (Nixon, 2003b; Hanley et al., 2020; Robb et
al., 2023; Boucher et al., 2023), and the Whiterocks Mountain
and Sappho alkaline complex (Nixon, 2001, 2002; Nixon and
Carbno, 2001; Nixon and Archibald, 2002). Thompson et
al. (2002) examined heavy mineral concentrates from
Galore Creek, Lorraine, Mt. Milligan, Mt. Polley, and
Ajax East and noted that high PGE values were associated
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with a mixture of sulphides (bornite, chalcopyrite, and pyrite)
and oxides (magnetite and hematite), suggesting that the
PGE-bearing mineral phases were part of ore-stage sulphide-
oxide mineralization. Additional work by Robb et al. (2023),
Boucher et al. (2023), and Karatas Ahmadli (2025) examined
the distribution of PGEs in the New Afton and Kwanika
deposits and further showed that high PGE values correlate
with PGE-bearing mineral phases.

3. The New Afton deposit

The New Afton deposit (Late Triassic; 204.5 +0.6 to
201.39 £0.75 Ma; U-Pb zircon; Logan et al., 2007; Logan and
Mihalynuk, 2014) is one of several centres of alkalic porphyry
mineralization in the southern Quesnel terrane related to the
Iron Mask batholith (Logan and Mihalynuk, 2005; Logan et
al., 2006, 2007; Lipske et al., 2020, 2021). The southern portion
of the Quesnel terrane is predominantly a Late Triassic volcanic
arc, comprising volcanic and volcanosedimentary rocks
(Nicola Group) and allied plutonic rocks (Logan et al., 2007;
Mihalynuk et al., 2016; Mihalynuk and Diakow, 2020).

At the New Afton deposit (Figs. 2, 3) mineralization is
spatially associated with porphyritic monzonite rocks that
intrude Nicola Group, andesitic to picritic basalt flows,
breccias, and tuffs (Hall and May, 2013; Lipske et al., 2020).
The Cu-Au mineralization comprises chalcopyrite+bornite,
lesser chalcocite-covellite, and sulphosalts that occur in
veinlets, breccias, and disseminated sulphides within potassic,
calc-potassic, and calc-sodic alteration zones, primarily in
Nicola Group volcanic rocks, monzodiorite and, to a lesser
extent, diorite intrusions (e.g., Polar, 2025). The mineralization
is structurally controlled, with steep north-trending
extensional structures interpreted as the principal conduits for
emplacement of both magmas and magmatic-hydrothermal
fluids (e.g., Hall and May, 2013; Polar, 2025).

Mineralized zones in the New Afton deposit contain elevated
Pd and variably elevated Pt; Pd-Pt occurs in association with
pyrite and chalcopyrite and with Pd-Pt-Sb-As-Te-Hg £Bi PGM
(temagamite, isomertieite, mertieite, cooperite, naldrettite,
sperrylite, moncheite, and kotulskite). Boucher et al. (2023)
showed that high PGE concentrations are associated with Co-
Ni-bearing pyrite having growth zones defined by variations in
PGE concentrations. Similarly, Robb et al. (2023) noted that
PGM are most common in areas where whole-rock assays for
Pd+Pt are >1 ppm and typically with elevated Au grades.

Althoughmagnetite enrichment is common in alkalic deposits,
Fe oxide-apatite veins are not. At the New Afton deposit,
Fe oxide-apatite veins are a characteristic feature (Polar, 2025
and referenced therein) and appear to have an association with
Cu-Au and PGE-enrichment that is not well understood.

4. Methods
4.1. Sample selection

Samples used in this study were collected during the summer
of 2024, targeting high-PGE grade intersections in drill core
cut between 2006 and 2022. Sample selection focused on
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Fig. 3. a) Satellite image of the New Afton open pit showing the
section line for b). b) Schematic 3D cross-section of the New Afton
open pit showing the location of ore zones. Grey shapes (East Cave,
West Cave, B3) denote volumes that have already been mined. The
gold shape (C zone) denotes a volume currently under production.
The orange shapes denote unmined parts of the deposit. No vertical
exaggeration. Images courtesy of New Gold Inc.
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zones with correlated elevations of Co, Ni, and PGE contents,
typically where 2 m assay intervals returned >100 ppm Co,
>100 ppm Ni, or >0.1 ppm PGE_, or on intervals displaying
characteristic alteration and mineralization styles. Core samples
were typically 10-20 cm long intervals halved into subsamples
for analysis and archiving. A total of 38 samples were selected
from the C, West Cave, East Cave, East Extension, B3, and
K zones (Fig. 3b) for SEM-MLA analysis. We focus here on
samples from the West Cave and C zones.

4.2. Scanning electron microscopy-mineral liberation
analysis (SEM-MLA)

Quantitative mineral studies were conducted at Memorial
University of Newfoundland’s CREAIT Microanalysis
Facility using a FEI Quanta field emission gun 650 scanning
electron microscope (SEM) equipped with mineral liberation
analysis (MLA) software version 3.14 (Sylvester, 2012; Grant et
al., 2018; Beranek et al., 2023). Instrument conditions included
a 25 kV accelerating voltage, 13.5 mm working distance, and
10 nA beam current. The MLA frames were 1.5 by 1.5 mm
with a resolution of 500 by 500 pixels. Backscatter electron
(BSE) images of each frame were used to identify features
based on the contrast in the BSE signal across mineral grain
boundaries. Features were identified at a baseline resolution
of 30 pum, or less in cases where adjacent mineral grains had
dramatically different contrast in BSE images. MLA maps
were created using GXMAP mode by acquiring energy-
dispersive X-ray spectra at a grid spacing of 10 pixels, with a
spectral dwell time of 12 ms, and comparing them against an
in-house library of mineral reference spectra. The accuracy of
mineral identification was verified using in situ imaging and
point analysis in the CREAIT Microanalysis Facility during
SEM-MLA data collection. MLA images were then processed
in Adobe® Photoshop® to highlight various features, such as
mineralogical contrast, crosscutting relationships, and key
mineral phases.

5. Results

Platinum group minerals were detected in samples from
the C (n=7), West Cave (n=4), and East Extension (n=3)
zones and comprise discrete Pd-Pt-Sb-As-Bi mineral phases.
In all cases, PGM are closely associated with electrum
and tetrahedrite (Fig. 4; Figs. 5a, d), and in most cases, Ag-
Hg tellurides. Samples lacking PGM, including those from
the B3, East Cave, and K zones, typically contained abundant
electrum and tetrahedrite, with variable Ag-Hg tellurides, but
were not evaluated further in this study. The highest PGM
abundances (on the basis of particle count and area % per
sample) are in samples from the West Cave and C zones.

5.1. PGE minerals in C zone samples

PGM inthe C zone are associated with disseminated sulphides,
sulphide-carbonate+quartz veins, Fe oxide-sulphide veins, and
Fe oxide-apatite veins. PGM are most abundant in samples of
specular hematite-rich Fe oxide-sulphide veins (Fig. 5) and
Fe oxide-apatite veins (Fig. 6).
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Fig. 6. a) Colour maps of sample 206-18G showing an Fe oxide-
apatite vein from the C zone. The inset image in Figure 8a is outlined
in orange. The inset image shown in Figure 8b is outlined in green. Red
dots denote the location of PGM grains. b) Inset image showing the
centreline of an Fe oxide-apatite vein and a subparallel, crosscutting
sulphide-carbonate vein. ¢) Inset image showing the location of
intergrown calcite, quartz (Qtz), pyrite (Py), and chalcopyrite (CPy)
hosting a grain of PdSb in the centreline mineralogy.

Fig. 5. Colour maps of selected samples from the C zone. a) Colour
map of sample 206-18M showing a sulphide-poor Fe oxide-sulphide
vein. The area shown in Figure 7a is outlined with a white dashed
line. b) Inset image showing the edges of the Fe oxide-sulphide vein
(outlined with a dashed white line), the outer edge of the potassic (Ksp)
alteration halo (outlined with a black dashed line) and disseminated
pyrite (Py) and chalcopyrite (CPy). ¢) Secondary carbonate veins
crosscutting earlier Fe-oxide veins. d) Colour maps of sample 206-
18N showing a sulphide-rich Fe oxide-sulphide vein. Red dot denotes
the location of PGM grains. Yellow dots denote the location of
electrum grains. The area shown in Figure 7d, is outlined in red. The
area shown in Figure 7e, is outlined with a white dashed line. e, f) Inset
images showing banding of coarse sulphides and the fine-grained
intergranular gauge mineralogy. Note the later-stage carbonate-
sulphide vein (outlined with a white dashed line) crosscutting the
earlier sulphides in f).
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Fig. 9. a) Colour maps of a sulphide vein from the West Cave zone
(Sample 210-34J). Red dots denote the location of PGM grains. Yellow
dots denote the location of electrum grains. The white dashed square
indicates the location of Figure 10a. b) Inset image showing calcite-
ankerite (Cal-Ank) veins crosscutting primary chalcopyrite. White
rectangle indicates location of Figure 10c. ¢) Inset image showing the
intense potassic (K) alteration halo along the edges of the sulphide
vein. d, f) Colour maps and corresponding BSE images e, g) of net-
textured chalcopyrite surrounding euhedral orthoclase crystals.
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Fig. 10. a) BSE image with MLA inset image showing electrum and
froodite grains in chalcopyrite. See Figure 9a for context. b) BSE
image with MLA inset image showing a froodite grain associated
with net-textured chalcopyrite. See Figure 9c¢ for context ¢) Secondary
calcite-ankerite (Cal-Ank) vein with PbSb grains along its margins. See
Figure 9b for context. Mt=Magnetite; Ab=Albite; Hbl=hornblende;
Ksp=orthoclase.
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5.1.1. Specular hematite-rich Fe oxide-sulphide veins

In the C zone, PGM-bearing specular hematite-rich Fe oxide-
sulphide veins commonly crosscut sodic-potassic-altered host
rock and are surrounded by halos of intense potassic alteration
with variable concentrations of disseminated pyrite and
chalcopyrite (Figs. 5b, ¢, d). The veins range in composition
and texture from predominantly specular hematite with
subordinate pyrite-chalcopyrite and intergranular carbonate-
magnetite-epidote-feldspar-quartz-pyroxene (i.e., sulphide-
poor; Figs. 5a, c), to predominantly pyrite-chalcopyrite
surrounded by fine-grained Fe oxide-carbonate-epidote-
feldspar-quartz-pyroxene (i.e., sulphide-rich; Figs. 5d-f). In
both cases, the sulphide minerals are typically concentrated
along vein margins (Fig. 5b) or cores (Figs. 5d-f). Commonly,
the most sulphide-rich veins have a banded appearance and
are composed of multiple, parallel sets of veins (Figs. 5d, 6).
Both the sulphide-poor and sulphide-rich veins are crosscut by
carbonate-quartz-sulphide veins (Figs. Sc, 6b).

PGE minerals in sulphide-poor veins include PdSb alloy
and froodite (PdBi,). Pb-Sb alloy is commonly found together
with electrum and intergrown with specular hematite and
fine-grained silicates along vein margins (Fig. 7) or in the
disseminated pyrite. Froodite is accompanied by electrum and
occurs as crystals intergrown with chalcopyrite in sulphide-rich
veins (Figs. 7d, e). PGM in sulphide-poor and sulphide-rich
Fe oxide-sulphide veins from the East Extension zone display
similar textures and mineral associations but are hosted in veins
with more intense sodic-calcic alteration.

5.1.2. Fe oxide-apatite veins

PGM-bearing Fe oxide-apatite veins sampled from the
C zone contain comb-textured apatite at vein margins with
vein centrelines composed of fine-grained Fe oxide-carbonate-
quartz-pyroxene-epidote-chlorite-sulphide (Fig. 6). Sulphide
in this setting ranges in texture and composition from pyrite
to fine-grained intergranular chalcopyrite (Figs. 6b, c). The
Fe oxide-apatite veins are commonly part of larger banded
sulphide veins, as seen in Figure 6a where two parallel
Fe oxide-apatite veins are bound on one side by sodic-potassic
altered host rock and on the other by a parallel banded pyrite-
ankerite vein (Fig. 6b). The two Fe oxide-apatite veins in this
instance are separated by and crosscut by a parallel pyrite-
ankerite veinlet of ankerite.

PGM associated with Fe oxide-apatite veins include
PdSb alloy and sperrylite (PtAs,; Figs. 8c, d) intergrown with
chalcopyrite, carbonate, and Fe oxide along the centrelines
of the veins (e.g., Fig. 6¢; Figs. 8a, b). PGM in this setting.
PGE minerals in Fe oxide-apatite veins from the East Extension
zone display similar textures and mineral associations.

5.2. PGE minerals in West Cave zone samples

PGM are present in four samples from the West Cave zone.
In this zone, they are predominantly hosted in sulphide
veins (e.g., Figs. 9, 10) and in disseminated sulphides within
host rocks, which are overprinted by intense sodic-potassic and
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potassic alteration. Sparse PGM are also present in Fe oxide-
sulphide and Fe oxide-apatite veins.

5.2.1. Sulphide veins

PGM-bearing sulphide veins display intense halos of potassic
alteration where they crosscut sodic-potassic altered host rocks.
They are, in turn, cut by carbonate and carbonate-Fe oxide-
filled fractures (Figs. 9a-c). Sulphide veins contain massive
chalcopyrite with abundant pyrite along the vein margins.
In the veins, chalcopyrite surrounds K-feldspar crystals and
exhibits a net-textured appearance (Figs. 9d-g). Chalcopyrite
veins in the C zone have a similar net-textured appearance and
contain electrum.

PGM observed in sulphide veins include PdSb alloy and
froodite (Fig. 10). Froodite most commonly occurs with
chalcopyrite, electrum, and orthoclase displaying net-textured
sulphides (Figs. 10a, b). PdSb alloy most commonly occurs
along the margins of carbonate-Fe oxide-filled fractures where
they crosscut earlier chalcopyrite veins (Fig. 10c).

6. Discussion

PGM in the C and West Cave zones are hosted by early
Fe oxide-apatite veins, ore-stage Fe oxide-sulphide veins, and
late-stage carbonate veins. This suggests PGE mobilization,
enrichment, and deposition under variable oxidation and
sulfidation conditions at multiple times during the formation of
the New Afton deposit.

The mineralogic and textural associations of PGM described
in this paper are consistent with those presented by Robb et
al. (2023) and Boucher et al. (2023) and with observations
of PGE mineralization in other alkalic porphyry deposits in
British Columbia (Pass, 2010; LeFort et al., 2011), including
nearby deposits also within the Iron Mask batholith (Nixon and
Leflamme, 2002; Nixon, 2003b; MacKenzie, 2009). In
their study of PGE mineralization in the New Afton deposit,
Robb et al. (2023) and Boucher et al. (2023) concluded that
PGE enrichment in sulphides occurred during the formation
of early- and main-stage hypogene mineralization via
discrete pulses of high-temperature magmatic fluids and
under conditions of fluctuating temperature, fO,, and fS..
PGM abundances increased during remobilization of PGEs
from hypogene sulphides during secondary hydrothermal
processes involving the formation of carbonate-rich, oxidized
alteration assemblages (Robb et al., 2023; Boucher et al., 2023).
Observations presented here, including PGM in hypogene Cu-
Au mineralization and late-stage carbonate veins, are consistent
with those presented by Robb et al. (2023) and Boucher et
al. (2023) and likely reflect a similar model of fluid evolution
and deposit formation.

7. Conclusion

This study and previous studies examining PGE enrichment
in deposits like New Afton highlight that critical metals such as
PGEs, Co, and Te, can occur as potentially economic byproducts
on the deposit scale but be overlooked during exploration and
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processing. Our study demonstrates the utility of quantitative
SEM-MLA in rapidly recognizing and characterizing subtle
mineralogic features associated with enrichment of PGEs.
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