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Introduction

Mineral exploration in Canada is becoming increasingly
difficult because the majority of deposits exposed at the
surface have already been discovered, leaving undiscov-
ered commodities buried beneath appreciable glacial over-
burden and/or bedrock. The effectiveness of many existing
exploration tools is diminished and therefore the develop-
ment of innovative exploration approaches is vital for con-
tinued success in the discovery of new resources (Winter-
burn, 2017). One such technique, microbial-community
fingerprinting, shows great potential when exploring for
mineral targets that are hidden by thick (>2 m), complex
and transported surficial materials. With continued devel-
opment, it may transform how exploration is carried out for
buried natural resources (Iulianella Phillips, 2020; Simister
et al., 2020).

Micro-organisms kinetically enhance geochemical reac-
tions, including the dissolution and formation of diverse
minerals, and harness energy from these reactions to sup-
port their metabolism and growth in nearly every low-tem-
perature geological setting (Newman and Banfield, 2002;
Falkowski etal., 2008). They are acutely sensitive, often re-
sponding rapidly to the dynamics of chemical and physical
properties in their surrounding environments. Subtle
changes in mineral bioavailability, for example, can be re-
flected in dramatic shifts in the composition and activity of
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microbial communities (Reith and Rogers, 2008; Wakelin
et al., 2012; Leslie et al., 2014; Fierer, 2017). Analyses of
microbial-community composition and structure thus have
a strong potential to resolve chemical and physical differ-
ences between environments that are not readily discern-
ible through conventional geochemical and geophysical
surveys.

The advent of high-throughput sequencing platforms over
the last decade has transformed the capacity to interrogate
complex microbial communities across a wide range of en-
vironmental matrices (Binladen et al., 2007; Zhou et al.,
2015). The application of these technologies enables high-
throughput profiling of the taxonomic compositions and
metabolic potential of soil-microbial communities across
defined survey areas. Given that every individual soil sam-
ple contains thousands of microbial taxa, each containing
hundreds to thousands of genes sensing and interacting
with the surrounding soil environment (Fierer, 2017), the
statistical power of this approach to identify anomalies is
unprecedented.

Rationale for Microbial-Community
Fingerprinting

Two British Columbia (BC) porphyry-copper deposits, the
Highland Valley Highmont South Cu-Mo deposit (HVC) of
Teck Resources Ltd. (NTS 0921/06) and the Consolidated
Woodjam Copper Corp. Deerhorn Cu-Au deposit (NTS
093A/06), were used to evaluate microbiological tech-
niques for sulphide exploration in BC (Figure 1). B-hori-
zon soil samples were analyzed for inorganic geochemistry
(aqua-regia digestion with inductively coupled plasma—
mass spectrometry [[CP-MS] finish) and microbial DNA
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Figure 1. Locations of porphyry-Cu research sites (Highland Valley Highmont South Cu-Mo deposit and Deerhorn Cu-Au deposit) and the
Mount Washington high-sulphidation Au-Ag-Cu epithermal prospect. Thick black lines indicate major faults. Terranes and geological belts
are characterized based on bedrock mapping carried out by the British Columbia Geological Survey (BCGS; Cui et al., 2017).

sequencing (16S rRNA marker gene; Iulianella Phillips, 2020;
Simister et al., 2020). In both cases, mineralization is cov-
ered by transported glacial overburden (2—10 m at HVC
and 25-60 m at Deerhorn), with compositional variation in
surface materials (e.g., till blanket, organic deposits, glacio-
lacustrine sediments; Iulianella Phillips, 2020).

The authors have shown that microbial-community finger-
printing can detect anomalies in bacterial populations in the
surface environment that correlate with the surface projec-
tion of sulphide mineralization (Iulianella Phillips, 2020;
Simister et al., 2020). Deposit-scale investigations of HVC
and Deerhorn revealed suites of micro-organisms that have
statistically significant (p <0.05) shifts in relative abun-
dance occurring directly above the surface projection of
mineralization (0.1% Cu equivalent and 0.2% Au equiva-
lent at HVC and Deerhorn, respectively; Figures 2, 3). Spe-
cifically, microbial anomalies at Deerhorn discriminate
mineralization at the surface where no detectable geochem-
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ical signal has been generated (Figure 3). These results
signify the efficacy of using modern DNA sequencing to
elucidate buried mineralization and provide the support for
further investigations into the use of microbial communi-
ties to sense chemical and physical changes in their envi-
ronment, with respect to mineralization.

Mount Washington Au-Ag-Cu Epithermal
System

In October 2018, the Mount Washington high-sulphidation,
epithermal Au-Ag-Cu prospect (NTS 092F/14) was sam-
pled for microbial-community fingerprinting and inorganic
and organic soil geochemistry. The Mount Washington
prospect is located on Vancouver Island (Figure 1). The
area is underlain by the Mesozoic Karmutsen Group basalts
and hosted in the Nanaimo Group sedimentary rocks and
intrusive rocks of the Paleogene Mount Washington
Plutonic Suite. Several north- and northwest-trending
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Figure 2. Example of an indicator micro-organism (a) and the Cu-anomaly map of the same area (b) from the Highland Valley Highmont
South Cu-Mo deposit. Geochemical data derived from aqua-regia digestion of B-horizon soils with ICP-MS finish. Microbiological data de-
rived from 16S rRNA gene DNA sequencing. Co-ordinates in UTM Zone 10, NAD 83.

extensional faults crosscut the area and appear to localize
mineralization (Muller, 1989; Massey et al., 2005; Fig-
ure 4b). Mineralization is characterized by polymetallic
sulphide minerals in a breccia zone and the Domineer vein,
which together make up the Lakeview-Domineer resource
(Houle, 2013). Surficial materials are dominated by collu-
vium, glacial till and organic deposits (Figure 4a), with the
direction of ice flow at 058° (Fyles, 1960).

The survey was carried out in conjunction with a hydrocar-
bon survey (Luck, 2021) and comprised five survey lines
with a total of 64 samples taken at 50 m spacing perpendic-
ular to the strike of the mineralized breccia (Figure 4b).
Soils for microbial-community analysis were sampled with
sterilized equipment and without field screening to pre-
serve the microbial community as much as possible. De-
scriptions were documented for in situ physicochemical
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Figure 3. Example of an indicator micro-organism (a) and the Cu-anomaly map (normalized to organic carbon) of the same area (b) from
the Deerhorn Cu-Au deposit. Geochemical data derived from aqua-regia digestion of B-horizon soils with ICP-MS finish. Microbiological
data derived from 16S rRNA gene DNA sequencing. Co-ordinates in UTM Zone 10, NAD 83.
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Figure 4. Mount Washington prospect a) surficial materials with field-survey transects (Luck, 2021),
and b) bedrock geology (Luck, 2021; after Muller [1989] and Massey et al. [2005]). Mineralization de-

noted on both maps from McDougall (1987), Houle (2014) and Heberlein and Dunn (2017).
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variables at each sample site for every observed soil hori-
zon in the profile. The B-horizon soils were targeted for mi-
crobial-soil samples, although multiple horizons (includ-
ing O, Ah, Ae and C) were taken where possible. Soil
samples were also collected for geochemical analysis.
Field measurements consisted of slurry tests for pH and ox-
idation-reduction potential (ORP) after field sieving
through a 6 mm screen. Geochemical samples for each site
were sent to ALS Chemex (Vancouver, BC) for fire assay
and four-acid digestion, and subsequent analysis by ICP-
MS (results can be found in Luck, 2021). The microbial
samples were frozen at—4°C upon return to the laboratory at
The University of British Columbia (UBC) prior to DNA
extraction. A subset of the Mount Washington microbial
samples has been preserved to perform a cell-count analy-
sis. A small amount of each soil sample was transferred
with aseptic instruments into smaller vials containing an
RNA preservative.

DNA extractions have been carried out for the Mount
Washington soil samples and results are pending. Once
data are received, they will be investigated for microbio-
logical anomalies associated with the epithermal mineral-
ization. Results from Mount Washington will be the first
step in incorporating high-sulphidation, epithermal-style
mineral systems into the project databases of indicator mi-
cro-organisms for use in future mineral exploration.

Bog Wetlands

A substantial challenge in the mineral-exploration industry
is the lack of geochemical methodologies when exploring
in saturated surficial environments (i.c., bog wetlands).
The surface can be inconsistent in these environments, and
traditional acid-digestion methods coupled with ICP-MS
are not always possible because the dominant surface mate-
rials are composed of waterlogged organic matter. High de-
grees of saturation change the oxidation-reduction poten-
tial (ORP) of the local environment, thus exerting a control
on the mobility of Eh-sensitive elements (e.g., Fe, Mn, S)
that may obscure geochemical signals derived from
subsurface mineralization. Furthermore, a high abundance
of organic matter in soils may attenuate indicator and/or
pathfinder elements (e.g., Mo) and generate false anoma-
lies. One of the very few techniques marketed for applica-
tion in these environments is the Spatiotemporal Geochem-
ical Hydrocarbons (SGH) analysis of Activation Laborato-
ries Ltd. However, a drawback to this technique is that the
compound class or compound concentrations themselves
are not released to the client, so the interpreted anomaly
heat map is the only data product provided. Clearly, new
tools are required to meet industry demand when exploring
in complex low-relief and saturated terrains.

Bog wetlands also provide a unique opportunity to study
the feedback relationships between land/soil type and
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microbial communities. Not only does this generate know-
ledge about microbial-community composition and func-
tion in saturated surface environments to support micro-
bial-community fingerprinting as an exploration tool, but it
informs the role micro-organisms play in biogeochemical
cycling and the fate of carbon in the environment.
Peatlands are extremely important carbon sinks globally
(Dise, 2009). With changing temperatures, the investiga-
tion into microbial-community controls on carbon cycling
of greenhouse gases such as CO, and CH, in these environ-
ments is vital (Belyea etal., 2008; Limpens et al., 2008; Dise,
2009).

Burns bog, located in Delta, BC, is a field location for study-
ing microbial communities: their composition, structure and
function across different land types (Figure 5). It is a raised-
bog ecosystem with acidic, nutrient-poor waters and main-
tains a reducing environment due to its low oxygenation
(Hebdaetal., 2000). Plans are being made to sample across
different land types in the bog along saturation gradients;
characterize the composition of soil-microbial communi-
ties and its functional potential; and measure rates of micro-
bial population turnover. The accessibility of Burns Bog
also provides seasonal opportunities for sampling should it
become relevant. Outcomes from these efforts may inform
the applicability of microbial-community fingerprinting in
saturated surface materials and shed light on the functional
relationship between micro-organisms and peatland carbon
storage.

Soil Preservation

Little is known about the stability of soil-microbial com-
munities during transport and prolonged storage. It is
widely accepted that soils should be frozen as soon as pos-
sible post sampling to preserve DNA (Delavaux et al.,
2020). However, it is unknown how fluctuations in temper-
ature and moisture over reasonable transport and storage
time scales impact the preservation of soil-microbial com-
munities, specifically in the microbial anomalies generated
above mineral deposits and the relative abundance of indi-
cator micro-organisms. To test this, a soil-preservation ex-
periment has been designed that utilizes readily accessible
soil material.

The UBC Totem Plant Science Field Station provides an
excellent on-campus soil environment to conduct, and col-
lect materials, for soil-related experiments. A bulk soil
from the field station was sampled and the initial microbial-
community composition characterized with 16S sequencing
(Figure 6). The current phase of the experiment involves
exposing the soil (within Poly Ore sample bags) to a range
of temperature and moisture perturbations. These perturba-
tions include freezing samples at —20°C, leaving samples at
room temperature, and allowing the samples to dry out. The
soil-microbial communities will be assessed at weeks- to
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Figure 5. Burns Bog location (indicated by yellow shading) in the context of the Metro Vancouver deltaic system. Modified after Clague

(1998).

months-long time intervals for at least one year and sam-
pled in triplicate to examine the effects of temperature and
moisture fluctuations on the microbial-community compo-
sition, diversity, structure and metabolic activity. This ex-
periment will inform the development of robust sampling
protocols for the mineral-exploration industry and serve as
a laboratory test of the relationships between warming and
drying soil conditions and microbial populations.

Conclusions

Outcomes from these deposit-scale orientation studies
have highlighted the potential for geomicrobiological tools
and techniques for successful application to through-cover
mineral exploration. Current research directions focus spe-
cifically on reducing fundamental unknowns about the be-
haviour and variation of microbial communities in re-
sponse to chemical and physical changes in the environ-
ment. This focus includes assessing DNA sequencing and
microbial-community fingerprinting in a colluvium-domi-
nated, Au-Ag-Cu, high-sulphidation, epithermal mineral
system; exploring the relationships between micro-organ-
ism function and variation in land type; and assessing the
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impact of transport and storage on the persistence of micro-
bial-community anomalies in soils. Each of these activities
serves on a different level to support the use of microbiol-
ogy-based mineral exploration in different mineral sys-
tems, in various terrains and climates, and to develop prac-
tical and informed transport and storage protocols for use
by industry.
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