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Abstract

GeoFile 2026-01 provides supplementary data to support ongoing studies focussed on critical metals in volcanogenic massive sulphide deposits
across British Columbia. The data are from three mafic-siliciclastic/Besshi deposits (Anyox/Hidden Creek, Goldstream, and Granduc) and
include: 1) major and minor element concentrations in base metal sulphides and Fe-oxides obtained using electron probe microanalyzer
(EPMA); and 2) trace element concentrations of spot analyses of sphalerite from laser ablation-inductively coupled plasma-mass spectrometry

(LA-ICP-MS).
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1. Introduction

Piercey et al. (2025) initiated a project to understand elements
currently on the national critical minerals list (NRCan, 2024)
such as Cu, Zn, Co, Sb, Bi, In, Ge, Ga, and Te, in volcanogenic
massive sulphide deposits (VMS) across British Columbia.
GeoFile 2026-01 supports the progress report of Wei et al.
(2026), which expands on Piercey et al. (2025) by focussing on
quantification of critical metal and other metal concentrations
in minerals in three mafic-siliciclastic (or Besshi) deposits:
Anyox/Hidden Creek, Goldstream, and Granduc (Fig. 1). This
data release (BCGS_GF2026-01.zip) includes source data
tables of: 1) major and minor elements concentrations obtained
from pyrite, pyrrhotite, chalcopyrite, sphalerite, magnetite,
cobaltite, and willyamite by electron probe microanalyzer
(EPMA); and 2) trace elements concentrations in sphalerite
measured by laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS). Appendix 1 contains the
results of EPMA analyses with atom per formula unit (APFU)
calculations for each mineral phase separately. Appendix
2 consists of the EPMA analyses of secondary standards for
different mineral phases. Appendix 3 shows EMPA detection
limits for every analyses of unknown mineral and standard.
Appendix 4 contains the results of LA-ICP-MS trace element
analyses of sphalerite, uncertainties, and detection limits, and
analyses of reference materials, NIST SRM 610 and MASS-1,
used for calibration with %RSD and %RD calculations.
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2. Analytical methods
2.1. Major and minor elements by EPMA

Nine polished thin sections (60 pum thick) from Anyox
(n=3), Goldstream (n=2), and Granduc (n=4) were analyzed
by JEOL JXA-8230 SuperProbe EPMA equipped with five
wavelength-dispersive spectrometers and a tungsten filament
electron gun at the Hibernia Project Electron Beam Laboratory
within Core Research Equipment and Instrument Training
(CREAIT) Network at the Department of Earth Sciences,
Memorial University of Newfoundland. The instrument was
calibrated using both natural and synthetic standards. Each run
of unknown minerals consisted of an average 20-25 analyses
with secondary standards analyzed at the beginning and the
end of each run. The following elements were analyzed in
minerals of interest: 1) Co, Cr, Cu, Fe, Ni, S, Sb, Sn, V, Zn in
pyrite, and pyrrhotite; 2) Ag, As, Cd, Co, Cu, Fe, Pb, S, Sb,
Sn, Zn in chalcopyrite; 3) Cd, Co, Cu, Fe, Hg, Pb, S, Sb, Sn,
Zn in sphalerite; 4) As, Co, Fe, Ni, S, Sb, Se in cobaltite and
willyamite; and v) A1203’ Co0, Cr,0,, FeO, MnO, TiO,, V,0,,
WO,, ZnO in magnetite. The minerals were analyzed using
20kV accelerating voltage, a 20-nA beam current with a 1 pm
beam diameter, and counting times between 5 and 30 s. Ten
to 15 data points were analyzed for each mineral phase per
thin section to ensure results reflect the multiple paragenetic
generations of a given mineral phase, its association with other
minerals, and any in-grain zoning.
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Fig. 1. Location of volcanogenic massive sulphide deposits discussed in this study. Terrane boundaries after Colpron (2020).

2.2 Quality assurance and quality control of EPMA data
Analyses of sulphides with totals outside the range of 100
+ 2 wt.% were excluded, as well as analyses that recorded
a mixed signal from the mineral and its host or inclusions
(Appendices 1, 2). We also performed atoms per formula unit
(APFU) calculations (Appendix 1) to check data quality and
test if the cation numbers and total sum of cations match the
stoichiometric formula of a given mineral. Every individual
run has an individual detection limit (DL) for every element
analyzed (Appendix 3). The average DL for Co is 99 ppm
(min=93 ppm; max=103 ppm) in pyrite, 102 ppm (min=98
ppm; max=108 ppm) in pyrrhotite, 106 ppm (min=101 ppm;
max=116 ppm) in chalcopyrite, 108 ppm (min=104 ppm;
max=113 ppm) in sphalerite, 125 ppm (min=108 ppm; max=134
ppm) in magnetite, 164 ppm (min=158 ppm; max=173 ppm)
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in cobaltite, and 188 ppm (min=181 ppm; max=197 ppm)
in willyamite. Detection limits of the remaining elements
in minerals are listed in Appendix 3. If the concentration of
an element in an individual run was smaller than DL, then
this element was marked as ‘below detection limit> (BDL;
Appendices 1, 2).

The secondary standards were monitored during the EPMA
dataacquisition. The basic statistics and percentrelative standard
deviation (%RSD) and percent relative difference (%RD)
were calculated, where applicable, to determine precision and
accuracy of the secondary standard analyses (Appendix 2). The
precision and accuracy of most of the elements above the limit
of quantification (LOQ) are good to excellent.
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2.3. Trace elements in sphalerite by LA-ICP-MS

Analysis of minor and trace elements in sulphides was
conducted using LA-ICP-MS. The system consists of a
GeoLasPro 193 nm ArF Excimer laser ablation (Coherent)
paired with an Element XR HR-ICP-MS (Thermo Scientific),
operated at the Microanalysis Facility within the CREAIT
Network at Memorial University of Newfoundland. Laser
ablation took place in a pure He environment, with the aerosol
mixed with argon before entering the ICP torch. The process
used a 30 um spot size, an energy density of 5 J/cm?, and a pulse
frequency of 5 Hz. Each analysis included 30 s of background
measurement, 40 s of ablation, and 30 s of washout time. For
certain mineral phases, such as high-Pb minerals, the washout
time was extended. The ICP-MS was optimized for high
sensitivity, ensuring a ThO/Th ratio of < 0.3%. All analyses
were done in low resolution mode. The following isotopes were
monitored with varying dwell times >*Mg, 2’Al, #Si, 3S, ¥*Ca,
49T, 22Th and 23U (5 ms); SV, $3Cr, °Zr, %Nb, '7Gd, '$Hf, 8! Ta
(10 ms); **Mn, *"Fe, **Co, °“Ni, *Cu, *Zn, “Ga,”'Ga, "*Ge, *Ge,
5As, ’Se, 95M0,‘°7Ag, 1°9Ag, Cd, "3n,"5In, ''$Sn, 12!Sh, 12Te,
12\, 185Re, 17Au, 202Hg, 205T], 206pp, 207Ph, 208Ph, 20°Bj (20 ms).
External calibration was performed using MASS-1 (Wilson et
al., 2002) for chalcophile and siderophile elements, and NIST
SRM 610 (Jochum et al., 2011) for lithophile elements. To
ensure instrument stability and data quality, duplicate analyses
of both reference materials were performed at the start of each
session and after every 10-16 analyses.

2.4 Quality assurance and quality control of LA-ICP-MS
data

Data reduction was carried out using the LADR software
package (Norris and Danyushevsky, 2018). *’Fe served as the
internal standard for sphalerite. During data reduction, peaks for
Cu, Pb, Si, Mg, Al and Ca, were closely monitored to exclude
contamination from mineral inclusions or host mineral (e.g.,
chalcopyrite, galena, silicates, carbonates). All concentrations
were normalized to 100 wt%, with corrections applied for
elemental fractionation relative to Fe following the method
described by Danyushevsky et al. (2011). Isobaric interferences
of 7*Se on *Ge, '"3Cd on '**In, and ''*Sn on '*In, were corrected
using known isotopic ratios of Cd, Sn, and Se. Interferences
from ZrO and NbO on Ag were deemed negligible due to the
low concentrations of Zr and Nb in the samples. Appendix 4
contains detection limits and uncertainties (ppm) for every
individual run.

Both reference materials, NIST SRM 610 for lithophile
elements and MASS-1 for chalcophile and siderophile
elements, yield good to very good precision for the majority
of the elements based on %RSD, and excellent accuracy based
on %RD with the accepted values for MASS-1 (Wilson et al.,
2002; Johum et al., 2005) and NIST SRM 610 (Jochum et al.,
2011) (Appendix 4).
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