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The Monument Bay project, located within the Oxford-Stull Domain (OSD) of the Superior province in
northeastern Manitoba, Canada, is an economically-promising Au deposit. It has 35 contiguous, un-surveyed
mining claims, totalling 6,692 hectares [1]. The OSD hosts abundant lode gold deposits within shear zones of
large greenstone belts [2]. The Monument Bay project has 3 main exploration targets: Twin Lakes, Mid-East,
and AZ, which are located within the Stull-Wunnummin shear zone. These targets have similar geological
features to other shear-hosted Archean greenstone and mesothermal gold-quartz vein deposits [3]. Various
exploration techniques have been used in the study area over the past 70 years. Biogeochemical techniques
have been recently employed using chemical analysis of black spruce (Picea mariana) to measure the character
of underlying mineralization [4]. Although there is no one-to-one relationship in plant-substrate chemistry,
clear geological relationships are still discernable within biogeochemical data. In Canada’s boreal forests,
black spruce is widespread and high concentrations of As and Au have been reported [4, 5]. In 1996, a belt-
scale multimedia geochemical survey was undertaken as part of Operation Superior [6]. The goal of sampling
vegetation was to use black spruce twig chemistry to assist in mapping the concealed bedrock, which resulted
in a well-constrained vegetation geochemical database. Multiple vegetation geochemical anomalies were
documented from known mineralized zones at the Monument Bay property (Twin Lakes and Seeber River
deposits). A positive relationship between the vegetation responses and those defined by underlying bedrock
were observed [6].

Experimental:

Samples of twigs, needles, and bark were collected from live and mature black spruce located proximal and
distal to the Twin Lakes Deposit. After drying, the samples were macerated and analyzed using ICP-MS. The
concentration of As in plant tissues varies from 0.01 to 0.27 ppm. Samples with the highest As concentrations
were prepared for X-ray absorption near-edge structure (XANES) spectroscopy at 20-BM beamline at the
Advanced Photon Source, Chicago, USA. Arsenic K-edge XANES data were collected using a 500um focused
beam over a relative energy range of -200eV - 9k with a dwell time of 5 sec. per point and a step size of 0.5
eV near the edge. XANES data were analyzed using the Athena software program [7]. Thin section offcuts
prepared from half drill core samples collected at the same locations as the black spruce samples were
examined using 2D synchrotron radiation micro X-ray fluorescence (SR-pXRF) and XANES at the VESPERS
beamline at the Canadian Light Source, Saskatoon, Canada. The analysis was performed directly on the
samples without any special preparation. SR-puXRF maps were collected using a 20.5 keV pink beam and a 4-
element Vortex SDD. The XRF maps were collected using a 10um x 10um spot size and a dwell time of 1
sec/point. 600um Al filters were used if necessary, to keep the detector dead time at < 25%. All uXRF data
were analyzed using the Peakaboo software package [8]. Spot As XANES data was collected using mono
beam: Si (AE/E = 10™) and an integration time of 2 secs/point.

Results and Discussion:

At the Monument Bay project, As is considered an important pathfinder element to Au mineralization, but the
relationship is not yet well understood. Therefore, its distribution pattern and chemical speciation need to be
evaluated within the geological context. Black spruce is able to absorb As present in soils above bedrock at
depth and transfer it via its root system [4]. Therefore, black spruce tissues can integrate the geochemical
signature of buried mineralization and serve as an accessible surface sampling medium for mineral exploration.
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The co-located distribution patterns of As and Fe in 2D SR-puXRF maps are interpreted as arsenopyrite (Fig.
1a). Gold is associated with the same distribution patterns as Fe and As, confirming the utility of arsenic as an
indicator of Au mineralization (Fig. 1b). XANES analysis of the offcut samples indicates that only As™ is
present (Fig. 2a). The preliminary results on plant samples show the predominant form of As is As®* (Fig. 2b).
No differences were observed in As speciation between the twigs, needles, and bark. This suggests that black
spruce can take up As in soil released from the bedrock and stabilize it as As®*. High As concentrations may
indicate locations of concealed mineralization.

Conclusions:

The ability to look at two very different substrates (plant and rocks) using the same technique with little or no
sample preparation provides a direct geochemical link between them. The redox chemistry of arsenic in both
As-bearing minerals and black spruce was investigated for the first time at the Monument Bay deposit. This
study is of primary importance to evaluate the mechanisms of As uptake and the ability of black spruce to
provide a vector to buried mineralization. With an enhanced understanding of As geochemistry transformation
across the property, new exploration vectors for mineral exploration, improved mineral processing operations,
and long-term environmental compliance can lead to a successful operation.
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Figure 1. 1a: 2D element SR-uXRF maps of Fe, As and Au. The bright regions in the Fe and As maps
correspond to arsenopyrite. The red pixel in the Au map is associated with arsenopyrite. 1b: single pixel
XRF MCA spectrum of the gold hotspot showing Au is associated with As and Fe.
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Figure 2. 2a: As K-edge nXANES spectrum was collected at the arsenic hotspot showing arsenic
oxidation form in rock samples is As-1, 2b: As K-edge XANES spectra of bark (blue), needle (red) and

twig (green) collected from the same black spruce tree in comparison with sodium arsenate (purple)
indicates As5+ is the dominant form.
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