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Abstract

The microscopic composition of thirteen samples of epidote related to porphyry Cu mineralization
was mapped using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) at the
Geological Survey of Canada. The objective of this research is to improve the indicator mineral method
of mineral exploration in glaciated terrains by utilizing the trace element composition of epidote. The
analyzed samples include epidote from two bedrock samples at each of the following porphyry Cu
deposits of south-central British Columbia: Gibraltar, Mount Polley and Woodjam. Epidote from three
bedrock samples of Nicola Group which are proximal (<2 km) and distal (12 km) to known porphyry
mineralization, and four epidote grains from two till samples, one at Gibraltar and a second one at Mount
Polley, were also analyzed. Backscattered electron (BSE) images and the LA-ICP-MS maps show a
heterogeneous distribution of Fe and Al in epidote following complex and mottled patterns. Trace
elements are heterogeneously distributed in epidote following the Fe-Al zoning in some samples.
Evidence of late infiltration of trace elements (e.g., Cu, Zn, and REE) along fractures in epidote is
observed. Multiple LA-ICP-MS spot analyses need to be conducted on this mineral to fully evaluate its
composition as an indicator mineral of porphyry Cu mineralization.



Introduction

This open file is a data depository of
geochemical maps of epidote obtained by laser
ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) at the Geological
Survey of Canada (GSC). Research on the
geochemical composition of epidote was done as
part of a Targeted Geoscience Initiative (TGI)
project on hydrothermal ore systems. This
research aims to improve mineral exploration
methods in glaciated terrains by utilizing epidote
as a geochemical indicator of porphyry Cu
mineralized source rocks (Plouffe et al., 2021a,
2022). Tracing the source of indicator minerals,
such as epidote, in till will improve our capacity
of detecting mineralization buried by a glacial
sediment cover. Mapping the composition of
epidote by LA-ICP-MS provides information
about the formation and evolution of porphyry
Cu systems and serves to link the characteristics
of this mineral to porphyry Cu deposits.

This open file presents thirteen LA-ICP-MS
maps of epidote from:

1. Six bedrock samples including two
samples from each of the following
porphyry Cu deposits located in south-
central British Columbia: Gibraltar,
Mount Polley and Woodjam (Fig. 1);

2. Three bedrock samples of Nicola Group
that is the main regional bedrock unit
host of the porphyry intrusions: two
samples close to an intrusion that hosts
mineralization (<1 km; Gibraltar and
Woodjam) and one approximately 12 km
from Mount Polley; and,

3. Two epidote grains in each of two till
samples: one from Gibraltar and a second
one from Mount Polley, for a total of four
grains.

The open file includes a short description of
the element distribution within epidote and a
discussion on the interpretation of the
distribution patterns.

Background and geological setting

Epidote is abundantly present in the
hydrothermal alteration zones of porphyry
systems (Sinclair, 2007; Sillitoe, 2010). The
“green rock environment” is defined as the
hydrothermal alteration halo that surrounds
porphyry Cu mineralization and is characterized
by a high abundance of the green minerals:
chlorite and epidote (Cooke et al., 2014, 2020;
Lee et al., 2020; Orovan and Hollings, 2020).
Epidote is present as a replacement product (e.g.,
after plagioclase or hornblende) or as a direct
precipitate of hydrothermal fluids, typically
filling fractures and veins. The high proportion
of epidote in this “green rock™ alteration
assemblage is well reflected in regional epidote
glacial dispersal trains in till from the Quesnel
terrane of south-central British Columbia, which
extend over several kilometers down-ice from
the Highland Valley Copper, Gibraltar, Mount
Polley and Woodjam porphyry Cu deposits (see
Hashmi et al., 2015; Plouffe et al., 2016, 2021a,
2022; Plouffe and Ferbey, 2017) (Fig. 1). Given
its common presence and large abundance in
nearly all known hydrothermal alteration zones
of porphyry Cu deposits, and its resistance to
glacial processes and post-glacial weathering,
epidote is recognized as a valuable indicator
mineral for porphyry Cu mineral exploration
(Plouffe and Ferbey, 2017; Plouffe et al., 2021a,
2021b, 2022). As such, epidote can be used as an
indicator mineral for porphyry Cu mineralization
in detrital sediments (e.g. till and stream
sediments), and in particular, enhances
exploration for new mineral resources in
glaciated terrains (Plouffe and Ferbey, 2017).

In addition to its presence in hydrothermal
alteration zones of porphyry deposits, epidote
occurs in metamorphic rocks from upper zeolite
to intermediate amphibolite facies but is
particularly common in greenschist facies rocks
(Grapes and Hoskin, 2004). It is present in the
Nicola Group rocks of south-central British
Columbia where post-mineralization regional
burial metamorphism reached zeolite facies at
Mount Polley and Woodjam, and greenschist
facies at Gibraltar (Greenwood et al., 1991,
Panteleyev et al., 1996). Furthermore, the
composition of epidote, namely its As and Sb
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Figure 1. Location of four porphyry Cu study sites in British Columbia mentioned in the

text. QN — Quesnel terrane.

contents, can be used to distinguish porphyry-
related from metamorphic epidote. Typically,
porphyry-related epidote contains approximately
>4 ppm As and >0.6 ppm Sb, as opposed to
metamorphic epidote which generally contains
much lower concentrations of these two
elements, commonly below or near LA-ICP-MS
detection limits (Baker et al., 2020; Cooke et al.,
2020; Plouffe et al., 2021a).

Bedrock and till samples were collected at
three porphyry Cu study sites of south-central
British Columbia: Gibraltar, Mount Polley and
Woodjam (Fig. 1). These deposits are hosted in
Late Triassic to Early Jurassic felsic to mafic
intrusive rocks that intruded the Upper Triassic
Nicola Group succession of island arc volcanic
and sedimentary rocks (del Real et al., 2020;
Rees et al., 2020; van Straaten et al., 2020). The
Nicola Group represents the dominant
constituent of the Quesnel terrane. The intrusions
hosting porphyry mineralization include the
Granite Mountain batholith at Gibraltar, the
Mount Polley Intrusive Complex at Mount
Polley and the Takomkane batholith and satellite
intrusions at Woodjam (Fig. 2).

Methods

Thick polished sections (75 pm) were
prepared from the nine bedrock samples. Epidote
grains from till were picked from the 0.25-0.50
mm sized fraction of the heavy mineral
concentrates (> 3.2 specific gravity) of the
samples collected near the Gibraltar and Mount
Polley porphyry Cu deposits (Fig. 2). The heavy
mineral separation procedures are outlined in
Plouffe and Ferbey (2016). The heavy mineral
separation and grain picking were completed at
Overburden Drilling Management Limited,
Ottawa, ON. The grains were mounted in epoxy
pucks and polished at IOS Services
Geoscientifique Inc., Chicoutimi, QC.

The epidote samples from the intrusive rocks
at each of the three study sites were selected
because of their high Cu (20 — 500 ppm), As (14
— 205 ppm), or Sb (3 — 870 ppm) concentrations
as revealed by LA-ICP-MS spot analysis and
reported by Plouffe et al. (2021a). Only one
bedrock sample from Mount Polley contains
visible Cu mineralization (chrysocolla in sample
18PMAO001). Two samples from the Nicola
Group (GBR49 and 15PSC22; Fig. 2) were
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Figure 2. Location map of bedrock and till samples from which epidote was mapped by
LA-ICP-MS. Regional geology from Cui et al. (2017).

selected based on their close proximity (<2 km)
from the intrusion host of porphyry
mineralization at Gibraltar and Woodjam and
their high As (12 — 414 ppm) and Sb (4 — 338
ppm) concentrations (Plouffe et al., 2021a). The
high As and Sb content of epidote in these Nicola
Group rocks could be an indication that it formed
as a porphyry-related hydrothermal alteration

mineral and not during regional metamorphism
(Plouffe et al., 2021a). One sample of epidote
from a pyroclastic rock of the Nicola Group
collected approximately 12 km northeast of
Mount Polley (17PSC134; Fig. 2), and
containing low concentrations of As (0.6 — 1.8
ppm) and moderate concentrations of Sb (1.2 — 4
ppm), was selected as it is interpreted to



represent a baseline for metamorphic epidote,
with no nearby sources of porphyry-related
hydrothermal fluids. Lastly, epidote grains from
two till samples (11PMA029 and 12PMAO09S;
Fig. 2) were selected because of their proximity
or down-ice location from  porphyry
mineralization and hydrothermal alteration
zones, and their high Cu (5 — 45 ppm), As (3 —
55 ppm), or Sb (3 — 89 ppm) content reported by
Plouffe et al. (2021a).

Backscattered electron (BSE) images of
epidote were obtained at the Geological Survey
of Canada with a TESCAN Mira3 field emission
scanning electron microscope (SEM) under the
following operating conditions: working
distance of 15 nA, accelerating voltage of 20 kV
and probe current of 0.4 to 1 nA. The
approximate Fe and Al content of epidote was
determined by energy dispersive spectrometry
(EDS) with an Oxford Industries X-MAX 80
silicon drift detector and the Aztec 5.0
microanalysis software. The acquisition time
was 3 s per spot analysis.

Quantitative geochemical mapping of epidote
by LA-ICP-MS was completed on the regions of
interest of thin sections with dimensions of about
1.5 mm?. Analyses were done using a Photon
Machines/Teledyne Analyte G2 193 nm excimer
laser ablation system, with a Helex two-volume
ablation cell, coupled to an Agilent 7700x
quadrupole ICP-MS. The mapping procedure
closely follows the method of Lawley et al.
(2015, 2020) and Paradis et al. (2022). Element
maps were constructed by translating the sample
stage under a focused laser beam, to form a series
of raster line scans. Laser conditions during the
analytical sessions include: a fluence of 5-6
J/em?, a repetition rate of 30 Hz, a spot size of 5
to 8 um, and a scan speed of 5 to 8 um/s. The
spot size and scan speed were selected such that
the sample stage would advance one equivalent
spot diameter every 1 second. Prior to each
ablation pass, the sample surface was cleaned by
passing the laser across the sample at a rate of 2—
3 pulses every equivalent spot diameter. The
cleaning pass was followed by up to 40 s of
washout, then each analysis began with 20 s of
background measurement (gas blank). The
ablation aerosol was transported out of the Helex

cell using ~1 L/min of helium gas and carried to
the ICP-MS through ~1 m of 2 mm (inner
diameter) Teflon tubing with no SQUID device
attached. The total duty cycle time to measure all
masses on the [CP-MS (in time-resolved analysis
mode) was 250 ms, which allowed for four full
scans of the mass spectrometer every 1.0 s (the
equivalent of one spot diameter along the line
scan). During data processing, these 4 scans were
averaged to form one pixel/data point along the
line. Dwell times were optimized based on
expected count rates in epidote and its host
matrix minerals and the natural abundance of the
specific isotope used in the acquisition method,
such that Ca, Al, Si and other expected major and
minor elements in the sample were measured for
2 — 4 ms, and trace elements for 4 — 14 ms (e.g.,
Cu, As, Sb).

The calibration procedures of Jackson
(2008a) were followed during the mapping
sessions. Standardization was achieved by
calibrating the signals of unknowns against
analyses of GSE-1G (for most major and trace
elements) (Guillong et al., 2005), and in-house
reference  materials  pyrrhotite  (sulphur
calibration) and calcite (carbon calibration —
where necessary), and normalizing total element
(or element oxide) concentrations to 100% on a
pixel-to-pixel basis (see Halicz and Giinther,
2004). Reference materials were analyzed every
20 unknowns (approximately every hour) to
account for instrument drift — which was
monitored through analyses of NIST-612.
Reference values for GSE-1G and NIST-612 are
taken from the online geological and
environmental reference materials database
(GeoReM) (Jochum et al., 2005). The software
programs Lamtrace and Pixelate (Jackson,
2008b) were used to calibrate the data and
convert the line scan profiles to quantitative
elemental maps. Raw count rates for the
individual Pb isotopes were summed prior to
calibration, such that a Total Pb concentration
could be calculated. The concentration for each
of the three individual Pb isotopes was
determined by comparing against the isotopic
abundance of Pb in GSE-1G. Two-dimensional
element concentration maps were constructed



with logarithmic and percentile colour scanning
functions using an in-house (GSC) Python script.

Isotopes measured include: 2*Na, Mg, ?’Al,
Mgi, 31p, S, YK, “2Ca, ¥Sc, ¥'Ti, 5V, BCr,
SSMH, 57Fe, 59CO, 60Ni, 65CL1, 66211, 75AS, SSSI', 89Y,
07r, SMo, '®Ag, 2'Sb, '¥'Ba, '¥La, '*Ce,
4ipy, 147gm  1STEy, 157Gd, 163Dy, '97Er, '73Yb,
206pyy, 207py, 208pp, 299Bj, 232Th, and **U and are
displayed in parts per million (ppm). Total
integrated counts (TIC) and '3C were monitored
during the sessions and are reported as counts per
second (cps). LA-ICP-MS maps for the
following elements are reported in their oxide
form: NayOs3;, MgO, AlLOs, SiO2, P20s, K>0,
CaO and TiO;. Some of the samples contain
significant sections of quartz (e.g. 14PSC388),
and due to the poor ablation characteristics of
this mineral under normal ablation conditions (<
7 J/em?), the resulting maps contained sections
of pixels with spotty data (or no data at all) which
is representative of quartz. Sections of the map
that contain quartz should be considered semi-
quantitative (whereas the remainder of the map
would not be impacted).

Results

Sample location information is provided in
Appendix 1. All LA-ICP-MS analytical results
are provided in Appendix 2 which include for
each sample: 1) individual maps for each
element with a logarithmic and percentile scale
bar, 2) raw results as table (csv file), 3)
petrographic (RL-reflected light; PPL — plain
polarized light) and backscattered electron
(BSE) images of the area analyzed and 4) a
compilation of all LA-ICP-MS maps in a web
browser (html) and PowerPoint (pptx) formats.

Following is a brief description of the LA-
ICP-MS maps for each sample.

Gibraltar deposit

14PSC388 — This tonalite sample of the
Granite Mountain batholith contains epidote in a
chlorite veinlet bordering on quartz and altered
plagioclase with fine-grained epidote. Note that
for this sample the BSE image was taken post
LA-ICP-MS mapping and that the laser tracks
are visible (Fig. 3A, Appendix 2). Also, note the

poor ablation of quartz in the BSE image (Fig.
3A). There is broad oscillatory Fe-Al zoning in
the epidote vein as visible in the BSE images
(Fig. 3B, C). The bright regions contain on
average 11.0 to 12.3 wt% Fe and 11.6 to 12.4
wt% Al as opposed to the darker regions which
contain 7.1 to 7.4 wt% Fe and 14.4 to 14.8 wt%
Al as determined by energy dispersive
spectroscopy (EDS) in the SEM. Several
elements including Sc, Ti, V, Sr, Y, Zr, Sb, REE,
and U follow the Fe-Al zoning in epidote with
higher concentrations corresponding to high Fe
content (brighter regions in BSE images) (Fig. 3
B-E and Appendix 2). Arsenic, Mo and Ag occur
in low concentrations with no visible zoning
(Appendix 2). Copper shows a net-textured
distribution and appears to have been introduced
at a late stage along fractures and grain
boundaries visible in Figures 3B, C and F.

14PSCAP2 — This second sample of tonalite
from the Granite Mountain batholith contains
fine grained epidote intergrown with quartz,
plagioclase and chlorite (Fig. 4). Titanite
inclusions are also present. Vanadium, Sr, Y,
REE and U are generally zoned with higher
concentrations in the core compared to the rim of
epidote (Fig. 4 D, E). Copper and Sb are spotty
and heterogeneously distributed in epidote. Cu
occurs in higher concentrations in chlorite
compared to epidote. Measured concentrations
of As, Ag and Mo are very low.

Mount Polley

18PMAQO0I — In this Cu mineralized sample
of a vein within a hydrothermal breccia of the
Mount Polley Intrusive Complex, coarse pale
yellow green epidote 1is intergrown with
chrysocolla. Epidote in this sample is
characterized by complex Fe-Al zoning visible in
the BSE images (Fig. 5). Variations in Ti, V, As,
Sb and Pb contents generally follows the Fe-Al
zoning observed in the BSE images, with higher
concentrations typically associated with high Fe
content (Fig. 5B to D and Appendix 2).
Conversely, high Mn occurs in growth zones that
are generally associated with high Al contents
(Fig. 5B to F and Appendix 2). Copper, Zn, Zr
and REE are elevated along the rims and the
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Figure 3. BSE image of sample 14PSC388 from a tonalite of the Granite Mountain batholith at Gibraltar. The
dashed line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B) and C) are detailed views of the

epidote. Note the poor ablation of quartz in A). D), E) and F) are examples of LA-ICP-MS maps (Sb, La and Cu).
Chl — chlorite, Ep — epidote, Pl — plagioclase, Qz — quartz.
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Figure 4. BSE image of sample 14PSCAP2 from epidote in a tonalite of the Granite Mountain batholith at
Gibraltar. The dashed line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B) and C) are detailed

views of the epidote. D) and E) are examples of LA-ICP-MS maps (V and Y). Chl — chlorite, Ep — epidote, Ttn —
titanite.



18PMA001 - Mount Polley
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Figure 5. BSE image of sample 18PMAOQ001 from an epidote veinlet in hydrothermal breccia of the Mount Polley
Intrusive Compex. The dashed line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B), C) and D)

are detailed views of the epidote. E), F) and G) are examples of LA-ICP-MS maps (As, Sb, Cu). Ab — albtie, Cry
— chrysocolla, Ep — epidote.
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fractures compared to the core of epidote (Fig.
5G and Appendix 2). Molybdenum and Ag occur
in low concentrations with no visible patterns.

18PMAO06 — This is a sample of an epidote
veinlet in a hydrothermal breccia of the Mount
Polley Intrusive Complex. As for sample
18PMAO001, epidote in this sample is
characterized by complex Fe-Al zoning in the
BSE images (Fig. 6). High concentrations of As,
Sr, Y, Sb, and REE occur in annealed fractures
in epidote, which appears to cross-cut primary
Fe-Al growth zoning (Fig. 6B to D, F and
Appendix 2). The highest Ti concentrations
correspond to titanite inclusions (Fig. 6A-E).

Woodjam

13CDBWIJ21 — This sample of monzonite
contains fractures infilled with epidote and
tourmaline. The distribution of Mg, K, Cu, Zn
and Ba is controlled by the presence of fractures
in epidote (Fig. 7A-E) which suggests late
enrichment of these elements via infiltration of
fluids. High P and Mn concentrations generally
occur in Al-rich growth zones, as opposed to
high Ti, Y, Sb, REE, Yb, Bi, Th and U contents
which are associated with Fe-rich growth zones
(Fig. 7B and Appendix 2). The distribution of Sc,
As, and Zr generally follows Fe-Al growth
zoning but the correlation between these trace
and major elements is irregular (Fig. 7B and
Appendix 2). The presence of heterogeneous P
concentrations in epidote without the presence of
apatite or other phosphorous mineral phase is
only observed in the two samples from
Woodjam: 13CDBWIJ21 and 13CDBWIJ22 (see
below).

13CDBWJ22 — This sample of a mafic
interval within monzonite containing tourmaline
and pyrite veins with epidote shows similar
heterogeneous distribution patterns of P, Sc, Ti,
V, Mn, Cu, As, Y, Zr, Sb, Ba, REE, Pb, Th and
U in epidote as observed in the previous sample.
Thorium is elevated in LREE rich zones. No
BSE image is available for this sample in
Appendix 2.
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Nicola Group

GBR49 — This is a sample of Nicola Group
mafic volcanic rock collected near the Granite
Mountain batholith at Gibraltar. The LA-ICP-
MS map was completed on a yellow-orange to
red epidote vein from this sample. The boundary
of individual epidote crystals shows a high
brightness in the BSE images of Figure 8B and
C, which could be related to Fe-rich growth
zoning. Some crystals show zoning with
increasing brightness from inner to outer
portions of individual crystals. However, the
spatial resolution of the LA-ICP-MS maps is not
sufficient enough to discriminate specific
element zoning within these individual crystals.

Iron-Al zoning parallel to the vein walls are
visible in the BSE images (Fig. 8B, C).
Scandium, Ti, V, Sr, Y, REE, Th, and U are
generally concentrated in Fe-rich growth zones
(Fig. 8A-F). On the other hand, As-, Zr- and Pb-
rich zones follow the high Al growth bands (Fig.
8G). Antimony generally follows Fe-Al zoning
but the correlation between these elements
appears inconsistent (Fig. 8G). Spotty zones of
high Ti are related to the presence of titanite (Fig.
8B, E).

15PSC22 — A zone of epidote intergrown with
actinolite and hematite occurs in a sample of
coarse plagioclase porphyry of the Nicola Group
near Woodjam (Fig. 9). No clear elemental
zoning is observed in the epidote of this sample
but there is a heterogeneous distribution of P, Sc,
As, Y, Zr, Sb, REE, Th and U. Zones with
elevated Sb are not correlated with As (Fig. 9B,
C). The trace elements Sc, V, Mn, Y, Sb, REE,
Bi, Th, and U occur in higher concentrations in
epidote compared to actinolite (Fig. 9D and
Appendix 2). Conversely, Mn, Co, Ni, Zn, Ba,
and Pb are elevated in actinolite relative to
hematite and epidote (Fig. 9E and Appendix 2).
Exceptionally for this sample, the outline of
epidote is depicted in Appendix 2 to better show
the distinction between epidote and actinolite.

17PSC134 — This epidote sample is from a
pyroclastic rock of the Nicola Group obtained 12
km northeast of the Mount Polley deposit. Given
the location of this sample, far from the influence
of hydrothermal porphyry alteration, epidote in



18PMAO006 - Mount Polley

SEMHV-200kV  WD: 15.00 mm 200 m ' SEMHV-200kV  WD- 15.04 mm
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Figure 6. BSE image of sample 18PMAO006 from an epidote veinlet in hydrothermal breccia of the Mount
Polley Intrusive Compex. The dashed line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B),
C) and D) are detailed views of the epidote. E) and F) are examples of LA-ICP-MS maps (TiO2 and La). Ep
— epidote, Pl — plagioclase, Ttn — titanite.
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13CDBWJ21 - Woodjam
A) I B)
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Figure 7. BSE image of sample 13CDBWJ21 from a monzonite at Woodjam with epidote replacing plagioclase
intergrown with quartz. The dashed line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B) is a
detailed view of the epidote with higher contrast. C), D), E) and F) are examples of LA-ICP-MS maps (MgO, Cu,

Zn, P20s). Ep — epidote, Qz - quartz.
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GBR49 - Nicola Group at Gibraltar
A - )
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Figure 8. BSE image of an epidote veinlet in sample GBR49 of Nicola Group mafic volcanic rock near the
Granite Mountain batholith at Gibraltar. The dashed line in A) shows the extent of the LA-ICP-MS maps in
Appendix 2. B) and C) are detailed views of the epidote. D) to H) are examples of LA-ICP-MS maps (Sc, TiOz,
Y, Zr, Sb). Ep — epidote, Pl — plagioclase, Ttn — titanite.
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Figure 9. BSE image of epidote in sample 15PSC22 of Nicola Group volcanic rock near Woodjam. The dashed
line in A) shows the extent of the LA-ICP-MS maps in Appendix 2. B) to E) are examples of LA-ICP-MS maps
(As, Sb, V, Co). The contour of epidote is shown in D) and E) to better show the composition difference
between it and actinolite. Act — actinolite, Ep — epidote, Hem — hematite, Pl — plagioclase
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this sample is interpreted as metamorphic in
origin. This sample contains euhedral poikilitic
epidote that overprints the matrix. The
distribution of epidote in this sample is best
illustrated in the Ca map (Fig. 10A, D). No clear
Fe-Al zoning is visible in the BSE images (Fig.
10B, C). The trace elements Sc, V, Sr, Y, Zr, Sb,
REE, and Pb have higher abundances in epidote
— with some of these elements (Sc, Cu) elevated
along grain boundaries and fractures — compared
to the surrounding matrix (Fig. 10E, F). Higher
concentrations of Co, Ni, Cu, and Zn occur in the
matrix compared to epidote (Fig. 10E). Arsenic
concentrations are low but Sb high concentration
speckles are present in epidote.

Epidote grains from till

All the grains from till show Fe-Al zoning in
BSE — similar to the bedrock samples (Fig. 11-
14). Geochemical characteristics specific to each
grain are described below.

11PMA029 grl — In this first epidote grain
from a till sample collected 1 km northwest of
the Gibraltar deposit (11PMAO029, Fig. 2), most
elements are homogeneously distributed except
for Y and light REE, which show similar linear
distribution patterns not consistent with Fe-Al
zoning (Fig. 11A, B). Also, isolated clusters of
Sb are present (Fig. 11A, C). There are several
suspected chlorite inclusions about 10 um in size
based on the MgO and Fe maps (Fig. 11D, E).
Copper-rich inclusions of an unknown mineral
are also present (Fig. 11F). The nature of the high
concentrations of K and Ba along the rim of
epidote is uncertain (Fig. 11G, H). It could be
related to a pedogenetic precipitate. It is unlikely
a primary characteristic of the epidote preserved
after glacial erosion and comminution.

11PMA029 gr2 — This second epidote grain
from till sample 11PMAO029 from the Gibraltar
region (Fig. 2) contains several inclusions of a
Ti-rich mineral which occur as bright zones in
BSE and warm colors in the TiO> map (Fig. 12A,
B). The Ti-rich inclusions contain high Cu but
low Y compared to epidote (Fig. 12C, D). These
mineral inclusions are most likely rutile as also
identified in bedrock samples from the Gibraltar
deposit (Kobylinski et al., 2016). Elevated Sc
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and REE contents occur as a distinct zone in the
lower right sector of the grain (Fig. 12E, F).

12PMA095 grl — This first epidote grain
from till sample 12PMAO09S, collected 5 km
northwest of the Mount Polley deposit, contains
a homogeneous distribution of elements except
for As, Sb, La, Ce, and Pr, and to a lesser extent
Eu, Th and U, which are elevated in a distinct
zone on the right side of the grain (Fig. 13 B, C).
Chlorite (high MgO and low CaO) is attached to
this epidote grain and titanite inclusions are
visible in the BSE image (bright zones) and the
TiO, map (Fig. 13A, D-F). Titanite contains, in
addition to Ti, higher concentrations of V, Y,
REE, Th and U compared to epidote (Fig. 13F,
G). Phosphate inclusions (apatite?) are also
identified in the P,Os map (Fig. 13H).

12PMA095 gr2 — Arsenic, Y, and especially
Sb are concentrated in a distinct zone on the left
portion of the grain, and are correlated with a Fe-
rich band in the BSE image (Fig. 14A-C). Other
elements are homogeneously distributed in
epidote. This epidote grain contains biotite (and
chlorite?) as shown from the K>0 map (Fig. 14A,
D). Titanium, Co, Cu, Zn, and light REE (La, Ce,
Pr) are higher in abundance in biotite compared
to epidote (Fig. 14, E, F, G).

Discussion

Major elements in epidote

Irregular Al-Fe zoning in epidote occurs as
mottled and complex patterns in BSE images
(Fig. 3 to 12) and is visible in some of the
geochemical maps (Appendix 2). Only in sample
17PSC134 was the Fe-Al zoning not observed
(Fig. 10). This sample is interpreted to contain
principally metamorphic epidote given its distal
location (12 km) from the nearest porphyry
mineralized centre. The absence of Fe-Al zoning
in epidote of this sample is not necessarily
indicative of metamorphic epidote. Franz and
Liebscher (2004) and Grapes and Hoskin (2004)
both report the presence of Fe-Al zoning in
metamorphic epidote in some cases, with Fe-rich
core and Al-rich rim zones reflecting a transition
from sub-greenschist conditions evolving to
higher metamorphic grades. But numerous



17PSC134 - Nicola Group 12 km NE of Mount Polley
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Figure 10. BSE images of epidote in sample 17PSC134 of a pyroclastic bedrock of the Nicola Group obtained
at 12 km northeast of the Mount Polley. The dashed line in A) shows the extent of the LA-ICP-MS maps which
extend outside of the field of view A). B) and C) are detailed views of the epidote. Note the absence of Fe-Al
zoning in the epidote. D) to H) are examples of LA-ICP-MS maps (CaO, Cu, Sc, As, Sb).
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11PMAO029 - Epidote from till at Gibraltar - grain 1
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Figure 11. A) BSE image of an epidote grain (grain 1) from till sample 11PMA029 at Gibraltar. B) to H) are
examples of LA-ICP-MS maps (Y, Sb, MgO, Fe, Cu, K20, Ba).
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11PMAO029 - Epidote from till at Gibraltar - grain 2
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Figure 12. A) BSE image of an epidote grain (grain 2) from till sample 11PMA029 at Gibraltar. B) to F) are
examples of LA-ICP-MS maps (TiOz, Cu, Y, Sc, La).
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12PMA095 - Epidote from till at Mount Polley - grain 1
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Figure 13. A) BSE image of an epidote grain (grain 1) from till sample 12PMAQ95 at Mount Polley. B) to H) are
examples of LA-ICP-MS maps (As, Sb, MgO, CaO, TiOz, Y, P20s). Chl — chlorite, Tnt — titanite
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12PMA095 - Epidote from till at Mount Polley - grain 2
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Figure 14. A) BSE image of an epidote grain (grain 2) from till sample 12PMAQ095 at Mount Polley. B) to G) are
examples of LA-ICP-MS maps (As, Sb, K20, TiOz2, Cu, La). Bt — biotite
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exceptions to this general zoning trend are also
noted by these authors. Nonetheless, the textural
difference we observe in Fe-Al zoning between
porphyry- and metamorphic-related epidote
from British Columbia will need to be followed
up with thorough additional testing, as major
element zoning patterns could be a preliminary
indicator for porphyry-related epidote.

Trace elements in epidote

In addition to major elements, a number of
trace elements (Mg, P, K, Sc, Ti, V, Mn, Cu, Zn,
As, Y, Zr, Sr, Y, Sb, Ba, REE, Pb, Bi, Th, U) are
variably distributed in epidote and follow the
broad textures of Fe-Al zoning (Figs. 3, 5, 7, 14).
Most of these elements occur in higher
concentrations in the Fe-rich zones of epidote
(high brightness in BSE images) except for Mn
and P in sample 13CDBWJ21 from Woodjam
(Fig. 7) and As, Zr and Pb in sample GBR-49
from Gibraltar (Fig. 8). However, the correlation
between the distribution of trace elements and
Fe-Al zoning is not always clear given the lower
resolution of the LA-ICP-MS geochemical maps
compared to the BSE images.

Elemental zoning from the inner to outer
portions of individual epidote crystals is
observed in some of the epidote (e.g. Figs. 3, 8).
The compositional zoning in epidote could result
from variable conditions during crystal growth
(e.g. oxidation state, pH, oxygen fugacity, and
change in fluid composition, temperature and
pressure; Holdaway, 1972; Grapes and Hoskin,
2004). Zoning can also be controlled by the
presence of co-crystalizing mineral phases
(Holdaway, 1972) or can result from the
preferential elemental concentrations along
certain faces during crystal growth (Enami et al.,
2004).

Lastly, we note the occurrence of high Cu, Zn,
and REE abundances along fractures in epidote
(Figs. 3F, 5G, 6F, and 10E, F), which are
interpreted to be due to the late infiltration of
hydrothermal fluids. In sample 18PMAO0OI1,
these fluids are responsible for the formation of
chrysocolla and the high Cu and REE
concentrations along the rims and decreasing
toward the core of epidote (Fig. 5A, G).
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Implications  for

assessment

epidote  composition

The observed compositional zoning and
heterogeneous elemental distribution in epidote
as revealed by LA-ICP-MS mapping shows that
there is considerable intra-grain variability in the
elemental distribution in this mineral, likely due
to the complex hydrothermal environment it
forms in, which needs to be considered in the
application of geochemical fingerprinting of
potential epidote sources in mineral exploration.
This includes the identification of epidote
potentially  derived from a  porphyry
hydrothermal system based on their As and Sb
contents or the evaluation of the fertility
potential of a hydrothermal system based on Cu
contents (Plouffe et al., 2021a, 2022). The
internal chemical variability in epidote can be
offset by using a large laser spot size (> 50 um)
and assessed by conducting multiple LA-ICP-
MS spot analyses per sample. For example,
Ahmed et al. (2020) suggest to conduct about 40
LA-ICP-MS spot analysis per sample of vein
epidote to obtain a statistically reliable average
value if the data set is to be used to vector
towards mineralization as shown by Byrne
(2019), Baker et al. (2020), Cooke et al. (2020)
and Wilkinson et al. (2020). Although such a
large number of laser sport analyses is possible
for rock samples with numerous epidote crystals,
it is not applicable for detrital epidote grains in
the 0.25-0.50 mm size range on which a
maximum of two spot analyses can typically be
achieved. Plouffe et al. (2021a, 2022) report that
analyzing a total of 60 to 80 epidote grains from
seven to nine till samples distributed in the
region of a porphyry Cu deposit is sufficient to
identify porphyry-related epidote (high As and
Sb) within a regional dispersal train.

Conclusion

The microscopic composition of porphyry-Cu
related epidote from south-central British
Columbia mapped by LA-ICP-MS reveals
heterogeneities in the distribution of major (Fe
and Al) and trace elements in this mineral. The
zoning and heterogeneous distribution of



elements in epidote is thought to be due to
variable conditions during crystallization such as
changes in oxidation state, pH, oxygen fugacity,
fluid composition, temperature and pressure. It
can also be caused by the late infiltration of
hydrothermal fluids after the crystallization of
epidote. Sample size permitting, multiple laser
spot analyses should be conducted on epidote to
overcome this variability and evaluate its
composition as a mineral exploration vectoring
tool for porphyry Cu mineralization.
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