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The Beaver Dam deposit is a metaturbidite-hosted mesothermal gold deposit, consisting
primarily of slate with subordinate metagrewacke, and bedding-parallel auriferous quartz veins
which contain variable amounts of carbonate. The purpose of this study is to use a whole rock
lithogeochemistry approach on a large number of samples to determine whether there are
geochemical and spatial correlations between hydrothermal alteration and gold mineralization. A
portable X-ray fluorescence (XRF) spectrometer was used to analyze over 5000 samples. Each
sample consists of pulps of drill core sampled at one meter intervals irrespective of lithology,
quartz veins, or alteration. These samples were collected from over 50 drill holes within and
surrounding the mineralized zone of the property with an overall strike length approximately
140m and 50m across strike. A set of 10 samples was reanalyzed 10 times each to ensure the
reproducibility of the data. A subset of 30 samples was analyzed by ICP-MS to test the accuracy
of the XRF spectrometer. The [CP-MS data were plotted against the XRF data to visually assess
the accuracy of the XRF data. Most elemental plots created linear trends with a slope close to or
equal to one.

The coarser clastic metasedimentary rocks are dominated by silica which dilutes other
major and trace element concentrations, but are enriched in denser detrital minerals such as
zircon. In contrast, the finer grained rocks are relatively depleted in silica and enriched in
elements reflecting higher concentrations of micas and clays (eg. K, Rb, Ba) and the redox
sensitive transition elements (Ti, V, Cr). Bivariate plots of V vs. Ti, V vs. Cr, and Ti vs. Cr show
very good correlation (R*=0.85). These plots characterize the broad lithological groups,
including quartz veins with concentrations approaching the origin, sandstones having lower
relative concentrations of these elements, and slates having higher concentrations of these
elements. The very good correlation of these elements and distribution of concentrations likely
reflect the general immobility of Ti, V, and Cr during hydrothermal alteration. When plotted
against Ti and V, samples with elevated Mn and Ca concentrations likely reflect carbonate
associated with quartz veins or naturally occurring in the host rock. Plots of K, Rb, Ba, and Sr vs.
Ti and V show good correlation indicating that there is little to no mobility of alkali and alkaline
elements. Of other elements plotted against the immobile elements, a small proportion of
samples show slight elevations in As and Zn concentrations, suggesting these were introduced
during alteration. However, when plotted against Au, As and Zn show a very weak correlation,
and therefore may not have been introduced into the deposit at the same time as the gold. The
nature of the sampling protocol of this study (which was taken at 1 m intervals down each drill
core, conducted irrespective of lithology, quartz veining, or alteration) may have had an effect on
the reliability of this data, and is responsible for the apparent mixing zone between lithological
groups. The average of the fine fraction of gold from two analyses by fire assay was used to
avoid the nugget effect having an effect in our results. The gold may have been introduced late or
remobilized during late stage quartz veining. A plot of Au vs. V does show however, that the fine
fraction gold is preferentially concentrated in the slates. To determine the spatial distribution,
this information was generated into spatial sections, which confirm a very weak to non-
correlation between alteration and gold on a scale greater than the 1 m sampling intervals.
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Turbidite-hosted hydrothermal veins are a main depositional source of gold, which may
be structurally or stratigraphically controlled, and most classically concentrate in vertically
stacked saddle reefs in anticlinal fold hinges (Robert ez al., 2007). Only three turbidite-hosted
gold districts worldwide contain over 10Moz Au, however this deposit style has hosted over 140
Moz Au globally (Robert ef al., 2007). Turbidite sequences occur as graded sedimentary
sequences as a result of marine gravity flows ranging in age from the Archean to Tertiary in age
(Bierlein et al., 1998). These sequences typically consist of metamorphosed greywackes,
siliceous wackes, shales, and carbonaceous shales with a metamorphic grade ranging from
greenschist to amphibolite facies (McMillan, 1996). Lode gold deposits characteristically are
found within stratabound quartz veins that range in size, and can be either bedding-parallel or
discordant (McMillan, 1996). These quartz veins often concentrate within the hinges of
anticlinal folds (called saddle reef deposits), with gold being concentrated in the bedding-parallel
veins that often exhibit a laminated texture (Kontak and Smith, 1993). This laminated texture
which is being described is also often referred to as a “crack-seal” or “ribbon” texture,
representing dynamic quartz veins which have been episodically reopened with additional quartz
precipitation due to oscillations in the fluid pressure. Gold can also concentrate in the discordant
quartz veins and as segregations, as well as being disseminated within the sedimentary host rock
or filling late brittle faults and fractures (Bierlein ef al., 1998). Often the mineralogical

paragenesis of these veins are relatively simple, and consists predominately of quartz, with minor



amounts of carbonate, native gold, and sulphide minerals, with arsenopyrite being the most

abundant sulphide (Kontak and Smith, 1993).

There is a worldwide distribution of these deposits, including Yellowknife (Northwest
Territories, Canada), the Otago Goldfield (New Zealand), Salsigne (France), the Cariboo District
(British Columbia, Canada), Muruntau (Uzbekistan), the Victorian Goldfields (Southeastern
Australia), and the Meguma Terrane (Nova Scotia, Canada) (Beirlein e al., 1998). Analogous
slate-hosted gold deposits can be found in the Victorian Goldfields of Australia. The Victorian
Goldfields are found within a sequence of thick, metamorphosed turbidite sequences deposited in
the Cambro-Devonian (Wilde et al., 2004). The regional geology of the area is generally
controlled by the Lachlan Fold Belt system, characterized by north-south trending folds and
thrusts and associated greenschist facies metamorphism (Bierlein et al., 1998). Like the Meguma
deposits, gold within the Victorian Goldfields are hosted in bedding-parallel quartz veins and

auriferous reefs, with their emplacement due to mesothermal activity (Kontak and Smith, 1993).

Wallrock hydrothermal alteration within turbidite-hosted gold deposits is minor, and if it
is present at all, it is typically vein-controlled, with the veins having well defined sharp contacts
with the enclosing slate, argillite, or greywacke host rock (Bierlein ef al., 1998). Typical
hydrothermal alteration within the Meguma Terrane is often limited to silica flooding, creating
thick bleached zones (Fig.1) and have a wide range (but are minor) in size. Quartz veining is also
commonly associated with hydrothermal alteration, with bedding concordant veins varying in
thickness from 0.5 cm to 1m (although some veins of 2-3 m thickness may occur) and discordant

veins varying in thickness from 1-2 m (Kontak and Smith, 1993).






Gold-bearing quartz veins are often mined based on visible coarse gold anomalies, which
come from the gold’s ‘nuggety’ properties. The “nugget effect” of gold is a term which describes
the degree of randomness of gold distribution within a body of mineralization (Dominy et al.,
2002). This physical quality of gold causes it to group in ‘nuggets’ which can therefore skew
sampling programs by its distribution (Dominy ez al., 2002). A high nugget effect results in
severe sampling issues due to the presence of lack of coarse gold in the sample. In addition, the
common practice of sub-sampling in standard fire assay procedures leads to similar issues due to
the presence of lack of coarse gold in the subsample. To reduce this problem, gold fire assays
can be conducted where the coarse fraction of gold (or gold ‘nuggets’) are physically separated
by sieving from the fine fraction of the gold. This procedure is referred to as “screen metallic fire
assay”, where the sample pulp is passed through a 106 micron mesh. The portion which doesn’t
pass through (the coarse fraction) is retained and reanalyzed by fire assay to obtain the
concentration of Au in the coarse fraction. The fine fraction is the portion of the sample which
passes through the 106 micron mesh, and two samples are analyzed by fire assay, with
concentration of Au in the fine fraction being reported as the average of these two subanalyzes.
The “nugget effect” makes resource estimation difficult as it is difficult to define gold grade

zones with confidence.

The purpose of this study is to compare the geochemical and spatial distribution of
hydrothermal alteration gold mineralization in order to determine whether there is a
commensurate increase in elements thought to be introduced during hydrothermal alteration with
increasing gold grades within the Beaver Dam deposit of the Meguma Terrane in Nova Scotia,

Canada. Comparison of the duplicate fire assay results for the two fine fraction samples in the



screen fire assay process indicate good reproducibility, suggesting that the fine fraction gold
values are representative of the sample. Although duplicate results for the coarse fraction do not
exist, it is expected that the coarse character of the gold would result in poor reproducibility.
Therefore the results of the whole rock chemistry determined here were compared with the “fine

fraction gold” grades.

Prendergast (2007) conducted a whole-rock lithogeochemical study in the St Ives
goldfield, Western Australia, in which ICP-MS/OES data were used to determine if there were
any pathfinder elements associated with alteration, as well as correlating these data into
lithological and stratigraphic domains. The study was successful in using this bulk
lithogeochemical approach to effectively identify lithological packages, as well as identifying
pathfinder elements As, Bi, Sb, W, and Mo that reflected alteration within the deposit. This
approach allowed for a stronger interpretation of the stratigraphic domains as well as reducing
the exploration target areas for a more cost-effective drilling program (Prendergast, 2007). In this
study, a portable energy dispersive XRF analysis was used as opposed to ICP-MS/OES analysis
because it is generally more cost effective and more efficient where the goal was to collect a
large number of analyses in minimal time and with minimal cost. In order to determine deposit-
scale correlations between hydrothermal alteration reflected in whole rock geochemistry and
gold mineralization, a large number of samples are required. The goal of this study is to
determine lithological signatures using bivariate plots of trace elements, as well as utilizing
pathfinder elements to determine samples which are enriched above the background lithological
concentrations. This enrichment is may reflect hydrothermal alteration, and potentially related to

the introduction of gold into the deposit.






The Meguma Supergroup is a thick succession of deep-sea to near-shelf fan complexes,
and can be further subdivided into distinct formations, the Goldenville Group and the Halifax
Group (Schenk, 1997). Recent studies have modified the stratigraphic nomenclature (elevating

the Meguma Group to the Meguma Supergroup) (Schenk, 1997).

The Goldenville Group is principally comprised of greenish gray metaquartzarenite,
quartzite, metagraywacke, metasiltstone, and slate (Schenk, 1997) with metasandstone-
dominated cycles that are interbedded with minor metasiltstone and slate that fine upwards
(Horne and Pelley, 2006). These cycles also locally have a fine-grained conglomerate present at
the base, as well as sand volcanoes (Horne and Pelley, 2006). Within the hinge area of the Moose
River- Beaver Dam- Fifteen Mile Stream Anticline (Fig. 3), it is common to observe
disseminated sulphide minerals as well as carbonate alternation visible due to brown spots and
weathering (Horne and Pelley, 2006). The stratigraphy of the Goldenville Group has been
subdivided into three formations (from youngest to oldest): The Taylor Head Formation, the
Tangier Formation, and the Moose River Formation (Horne and Pelley, 2006). The Beaver Dam
deposit is situated in the Moose River Formation which is characterized by thick mudstone
(metamorphosed to slate) intervals, interbedded with minor metasiltstone. Disseminated
sulphides and minor carbonate alteration is common (Horne and Pelley, 2006). This formation
hosts the Touquoy zone of the Moose River Gold District, a large zone of low-grade gold

mineralization (Horne and Pelley, 2006).

The Halifax Group conformably overlies the Goldenville Group, and is primarily
composed of grayish green to black slate and metasiltstone (Horne and Pelley, 2006). The slate

and metasiltstone is often finely laminated (cm scale), and some of the black slate is interbedded






gold deposits found in the area are located in anticlinal hinges of these upright folds, including
the Beaver Dam deposit itself, which consists of bedding parallel laminated quartz veins cut by

discordant veins (Fig. 3).

Gold production from the Meguma gold region has come from over 60 deposits, with
grades ranging from 8-50 g/t, and a total of 35.13 tonnes produced from the district (McMillan,
1996). Other turbidite-hosted lode gold deposits, such as the Bendigo field of Australia has had a
higher amount of production, with grades ranging from 3-30 g/t and a total over 373 tonnes of

non-alluvial gold from over 40Mt of ore since 1851 (McMillan, 1996).

Quartz veins are associated with anticlinal hinges, often taking form as bedding
concordant, saddle reef, and discordant veins (Horme and Culshaw, 2001). Based on YA Ar
dating of hydrothermal amphibole, biotite, and muscovite, the veins are estimated to have formed
approximately 374 Ma (Kontak and Smith, 1993). The bedding concordant veins vary in
thickness from approximately 0.5 cm to 1 m, exhibit a laminated texture, and exhibit a variable
degree of deformation (Kontak and Smith, 1993). The discordant veins vary in thickness and can
range up to 2-3 m thick, locally also exhibit a laminated texture, and have mutual cross-cutting
relations with bedding concordant veins (and are therefore synchronous with bedding concordant
veins) (Horne and Culshaw, 2001). They often record more shortening than the bedding

concordant veins as they are at high angle to the shortening direction (Kontak and Smith, 1993).

Gold found in the turbidite-hosted deposits is commonly concentrated within the bedding
parallel quartz veins, and within the Meguma gold districts, these auriferous quartz veins are
typically bedding-parallel, and concentrated in the slate-dominated packages (Ryan and Smith,

1998; Kontak and Smith, 1993; Sangster and Smith, 2007).
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The Beaver Dam deposit is an advanced exploration property, 100% owned by Acadian Mining
Corporation, and is their principal project being considered for open pit mining (Fig. 4). The
deposit is composed of thickly bedded metasandstone, interbedded with anomalously thick beds
of slate (Kontak and Smith, 1990). The gold bearing quartz veins are typically associated with
these slate-dominated packages. In more detail, those slate units can be further divided into three
distinct packages; the Crouse, Papke, and Austen zones, and the entire deposit is cut by the Mud
Lake Fault (Fig. 5) (Kontak and Smith, 1990). Gold in this deposit commonly occurs in bedding
concordant and discordant sulfide-bearing quartz veins that exhibit a typical laminated texture, as

well as minor amounts of carbonate (Kontak and Smith, 1993).
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Veins in the Beaver Dam deposit are predominately quartz-rich, however there is great
variation in their size, geometry and mineralogy (Kontak and Smith, 1993). Kontak and Smith
(1993) characterized vein textures into four types: 1) quartz-rich veins with small amounts of
sulphides and/or laminated carbonate present, 2) quartz veins with the laminated or ‘crack-seal’
texture (which will often incorporate wall-rock material into the veins), 3) coarse-grained
‘pegmatoidal’ quartz veins, as well as 4) massive bull quartz which may have euhedreal vugs of
quartz, calcite, chlorite, albite, muscovite or pyrite. The laminated texture that is described is
thought to have formed due to sequential reopening and closing of the quartz veins due to
hydrofracturing and mineral precipitation, and there are wall rock inclusions and slivers which

impart the laminated texture (Ramsay, 1980).

The mineralogy and vein paragenesis of the Meguma Supergroup (and more specifically
within the Beaver Dam deposit) has been summarized by Kontak and Smith (1993) to have two
hypogene stages, or stages which have formed by ascending solutions (Figs. 6 and 7). The Stage
[ mineralogy is dominated by quartz, plagioclase, biotite, and tourmaline, with accessory
ilmenite, sulfides, apatite, garnet, hornblende and epidote. Stage II mineralogy (which also
occurs as alteration products of stage [ minerals, most commonly in bedding-concordant veins) is
dominated by Ca-rich plagioclase being replaced by albite, calcite, muscovite, and/or chlorite,
biotite being chloritized, ilmenite being replaced by anatase or titanite, and a primary assemblage
of chlorite, calcite, pyrite, albite and muscovite which occurs only within the younger discordant
veins (Kontak and Smith, 1993). Sulphides present (from most to least abundant) include:
arsenopyrite, pyrrhotite, pyrite, chalcopyrite, galena, sphalerite, marcasite, and lollingite with

rare molybdenite and Bi-Te sulphides (Fig. 7; Kontak and Smith, 1993). These sulphides occur
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as films that coat the vein-wallrock contacts and are proposed to have been introduced late in the
paragenetic sequence. Carbonate alteration occurs in the form of clots in both bedding
concordant and discordant veins, as well as freely within the wallrock material (Kontak and

Smith, 1993).

Kontak and Smith (1993} used amphibole-plagioclase geothermometry to determine the
temperature of vein formation in the Beaver Dam deposit. They determined that due to the
presence of strongly zoned Ca-rich plagioclase that underwent subsequent albitization, the initial
average temperature for Stage I mineralization exceeded 525°C, and the average for Stage II
mineralization (which included more Na-rich plagioclase growth) occurring below 375°C
(Kontak and Smith, 1993). While these are the averages, it is important to note that there were
isolated analyses which yielded temperatures as low as 455°C and 300°C, respectively, by
application of oxygen isotope geothermometry to plagioclase-amphibole and quartz-chlorite
pairs (Kontak and Smith, 1993). Studies using different geothermometers obtained similar results

which were compared in Kontak and Smith (1993), and are summarized in Figure 6.
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Gold found within the Beaver Dam deposit occurs as isolated grains found in the
bedding-concordant veins, commonly in proximity to wall-rock contacts, as well as disseminated
gold found in the wall-rock adjacent to the veins. Gold found in close proximity to wall-rock
contacts i1s commonly associated with chlorite, calcite, and muscovite alteration (Kontak and
Smith, 1993). Gold in the deposit is also found associated as fine-grained disseminations,
fracture-controlled veinlets and along grain boundaries within pyrrhotite and aresenopyrite, as
well as having grain contacts with galena and chalcopyrite, along fractures cutting altered
plagioclase or chloritized biotite, as well as in the wallrock (Kontak and Smith, 1993). Kontak
and Smith (1993) proposed that the gold was introduced at the same time as the stage II vein
mineralization due to the association with other stage II mineral phases. However, it is also
possible that remobilization of earlier gold has also occurred after the Stage II fluid flow (Kontak
and Smith, 1993). Kontak and Smith (1993) have used geothermometers to determine the

relative hypogene stages which make up the mineral paragenesis, however the timing and
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introduction of gold into the system is still poorly understood. They observed auriferous quartz
veins cutting arsenopyrite-bearing veins, indicating that the gold could have been potentially
remobilized at a lower temperature, post-sulphide mineralization, or potentially being initially
introduced at this time. There have been examples of gold occurring in association with
arsenopyrite, however there has been no subsequent analyses to determine if gold also occurs

within the chemical structure of arsenopyrite.

MINERAL PARAGENESIS, BEAVER DAM

MINERAL STAGE 1 STAGE 2

quartz (I, 1L, ...)
Ca-plagioclase
amphibole
garnet

epidote

biotite
tourmaline
apatite —
K-feldspar —
ilmenite
muscovite
Na-plagioclase
chlorite
carbonate
rutile/anatase
arsenopyrite
pyrite
pyrrhotite
chalcopyrite
galena
sphalerite
marcasite
scheelite
greenockite
Bi-Te sulphides
Ag-tellurides
molybdenite 9
native gold
electrum

} -~
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The purpose of this study is to use a whole rock lithogeochemistry approach to ultimately
determine the geochemical and spatial distribution of hydrothermal alteration associated with
gold in the Beaver Dam Deposit. Before geochemical analysis and interpretation is done, a large
portion of this study includes the quality control on XRF analysis to ensure that the data is good.
Over 5000 analyses were completed using a portable energy dispersive XRF analysis to establish
geochemical trends that can be explained by variations in lithology. The geochemistry which was
not explained by lithology is presumably related to veins and related alteration, which was then

compared to gold grades both geochemically and spatially.

The sampling protocol for this study is not ideal, and therefore one of the primary focuses
of this study is to assess sampling method as well as using an XRF spectrometer as the means of

analysis, and once that has been determined, correlations may then be interpreted.
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The primary method of analysis for this thesis is X-ray fluorescence spectrometry. Drill
programs at the Beaver Dam deposit have been taking place since the 1980s, with 153 diamond
drill holes being drilled since 2005. Drill core was sampled at 1m intervals irrespective of
lithology, alteration, and quartz veining. The sampling was completed during the drilling
program. Unfortunately, this sampling protocol has resulted in the mixing of lithological types
and quartz veining. Although this sampling protocol will yield mixing zones between the major
lithological groups in the geochemical analysis, using such a large sample size will hopefully
make the geochemistry of unaltered host rocks and altered zones visible. Regardless of the
lithologic mixing within samples, it is thought that the large number of samples analyzed and the
scale of the lithologic units in the deposit will allow for any major geochemical variations due to

alteration to be reflected in the data.

The drill core was split, with half of its contents being pulverized and powdered. The
powdered samples were then subsequently fire assayed for gold. The fire assay analysis was
done by ALS Chemex, where a full screen metallics on all samples was completed. Samples
were crushed to 106 microns, and the coarse fraction of gold was separated from the remaining
fine fraction. Representative material from the coarse and fine fractions were subsequently fire

assayed and the weight average was taken from all three. There are three types of samples due to
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the analysis of the coarse fraction as well as two analyses of the fine fraction. Two analyses of
the fine fraction were taken in order to determine the reproducibility and therefore evaluate the
nugget effect on this size fraction. Both of the fine fraction analyses yield very similar results,
indicating that the fine fraction is not significantly affected by nuggety gold; the fine fraction is
considered to be homogeneous. It is a subsample of the fine fraction that was analyzed in this

study.

Samples for XRF analysis were chosen from a subset of drill holes located in the main area
of mineralization (Fig. 4). Plastic pill bottles were filled with approximately 3g of powder and
covered with cellophane wrap. The powdered samples are homogenous and therefore
representative of the sampled core. The samples were then placed on an XRF spectrometer with
the cellophane wrapped top facing the x-ray beam for analysis. Pill bottles were cleaned with

warm water and soap after use and subsequently reused for analysis.

X-ray fluorescence (XRF) spectrometry was used as the primary method of analysis because
it is a non-destructive technique that is more cost and time effective than alternative methods,
such as ICP-MS analysis (although it yields at a slightly lower resolution). It can detect whole
rock major and trace element chemistry for up to 80 elements as low as parts per million

(Rollinson, 1993).

X-rays are high energy photons that carry no mass or charge, and are able to travel great
distances (Murphy, 2010). They can be produced in two ways: the acceleration of an electron

will yield Bremsstrahlung x-rays, and the transition of energy between electron shells yields
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characteristic x-rays (Murphy, 2010). Characteristic x-rays are emitted when electrons or
Bremsstrahlung x-rays hit electrons at high speeds and eject them from an atom’s inner shell.
Electrons from outer shells subsequently drop down to fill these vacancies, thereby emitting a
‘characteristic x-ray wavelength’ (Murphy, 2010). Characteristic x-rays are important for XRF
analysis, as each element has different spaces between electron orbital shells, and therefore there

is a precise and measurable amount of energy that is emitted during this process (Murphy, 2010).

Within the XRF spectrometer, a primary x-ray beam excites atoms within the sample with x-
rays. This procedure emits many electrons, Bremsstrahlung x-rays, and characteristic x-rays
(Rollinson, 1993). Electrons that are ejected from the same element will emit an identical
characteristic x-ray, which can then be quantified to determine the proportion of atoms from that

element present in the sample (Murphy, 2010).

The XRF spectrometer purchased by Acadian Mining is an energy dispersive table-top X-
5000 made by INNOV-X Systems. During each analysis three successive sets of 30kV x-ray
beams are emitted, each lasting one minute. Characteristic x-rays are then identified by the
silicon drift detector (SDD) which converts the radiation into voltage pulses that are quantified
by the in-place multi-channel analyzer and displayed in chart and table form on the XRF’s
display screen. The XRF spectrometer analyzes for 49 elements (P, S, Cl, K, Ca, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Y, Zr, Nb, Mo, Rh, Pd, Cd, Sn, Sb, Ba, La, Ce, Pr, Nd, Sm,
Pt, Au, Hg, Pb, Bi and U). They are reported on a parts per million scale (ppm) and data can be

exported from the device directly onto a USB drive in an Excel spreadsheet format.
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For each element analyzed, the XRF spectrometer calculates a region of error which is based
on the duration of the measurement, as well as the quality of predetermined calibration standards

(Murphy, 2010, Appendix C).

Attention was paid to the XRF spectrometer’s precision by checking the precision of the
data. Twenty samples were analyzed ten times each (see Table 1) to ensure that the XRF
spectrometer produced unbiased and precise results, which was a method to see that the sample

is homogeneous.

In addition, 30 samples were sent to SGS laboratories to undergo ICP-AES/MS, four-acid
digestion analysis. The principle purpose for this was to calibrate the XRF machine, but it also

helps to check the spectrometer’s relative accuracy and the data integrity (Appendix A).

One concern regarding using an X-ray fluorescence spectrometer as the main method of
geochemical analysis is that, although the results are reproducible, they are not necessarily
accurate. To evaluate this, samples were sent to a separate laboratory to undergo ICP-AES and
ICP-MS analysis to compare with data in this study. Although introducing comparison to ICP-

AES/MS which has its own error and standards, this method (XRF spectrometry) is being
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explored due to its low cost and fast results. The overall purpose of this study is to ensure that the

XRF data is reliable

Thirty samples were selected and shipped to SGS Laboratories for ICP-AES and ICP-MS
analysis. The samples were selected based on having a range of fine fraction gold grades, as well
a range of trace element amounts. The analysis package chosen for SGS was ICM40B, which

analyses 49 elements by four-acid digestion (Appendix A).

By assuming that the ICP-AES/MS analysis is more accurate (with a higher resolution), we
can use the data to evaluate the accuracy of the XRF data and also calibrate the X-ray
fluorescence data. This is done by plotting the elements of each analytical method against each

other in bivariate plots to correct for any possible scaling differences.

Binary plots were created to determine the host-rock lithology, as well as to look for
elements which has sampled that deviated from the host rock lithology pattern and therefore may
represent alteration within the deposit. By predicting which elements may be mobile during
hydrothermal alteration processes, elements were plotted against each other in binary diagrams
in order to determine the elements which were least likely to be mobile during hydrothermal
alteration. Where the bivariate plots had good correlation with each other and a nearly linear
trend tested by correlation coefficients these elements were selected as best reflecting the host
rock lithology and not having undergone hydrothermal alteration during the mineralizing events.
This linear trend reflects the general lithological packages that are found within the Beaver Dam

deposit. To use the whole rock geochemistry as a proxy for the mineral phases within the
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deposit, these immobile elements which reflect the host rock lithology were plotted against
elements hypothesized to have undergone alteration. If samples deviated from the trend of the
host rock lithology (either elevated or depleted), it is concluded that they potentially underwent
alteration. These elements which may show alteration were then plotted against the fine fraction

of gold to determine any geochemical correlation between hydrothermal alteration and gold.

Drillhole cross sections were also created to determine if there was a spatial correlation
between alteration and gold on a scale greater than the 1m sampling intervals. These sections
consist of the analysis of the 1 m intervals of samples taken from the full drill holes and have
histograms on the concentrations of altered elements on one side of the drill hole, and

concentrations of the fine fraction of gold on the other, to look for trends across the deposit.

When correlating concentrations of elements of interest with gold, an R* value has been
calculated to help quantify the amount of correlation. R? is the correlation coefficient, whose
values range from O to 1, and it predicts the proportion of variability within the data set (Evans,
1996). To calculate R, R (the measurement of the degree in which coordinates x and y are

linearly correlated) must be calculated first, using equation 1.1 (Evans, 1996).

R— > il(zi — Z)(y; — 7]
\/Z,;[(Ii o f)z] Zi{(y‘i - 37)2] (Equation 1.1)

An R? value ranging from 0-4% is considered to be statistically ‘very weak’, and a value

greater than 36% is statistically ‘strong’ to “very strong’ (Evans, 1996).



23

As stated previously, the results of this study are a product of XRF analysis, and although the
spectrometer used has been verified for relative precision and accuracy, the purpose of this study
is to look for overall trends in relative abundance, and not necessarily absolute concentrations. In
addition to determining geochemical and spatial associations between alteration with the gold
mineralization at Beaver Dam, this study is testing the reliability of portable XRF devices as an

inexpensive alternative for more expensive geochemical analysis.

Over 5000 samples were analyzed from over 50 drill cores located in the mineralized zone of
the deposit. These data are proprietary and owned by Acadian Mining, but they have permitted
the release of representative data which are compiled in Appendix A. Samples consist of
pulverized drill pulp that was sampled at 1m intervals irrespective of lithology, quartz veining, or
alteration. The sampling and analyses were done systematically down each full drill hole to
determine the full extent and spatial distribution of alteration and mineralization. However,
before this analysis can be done, it is important to ensure that the data is both reproducible, and

relatively accurate, and therefore considered to be “good data”.
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To test the accuracy of the data, a subset of 30 samples were sent for ICP-MS analysis.
By plotting the ICP-MS results against the XRF results (Appendix A), most elemental plots
created linear trends with a slope close to or equal to one, and a high corresponding R” value Fig.
8). This good correlation confirms the relative accuracy of the XRF results to the ICP-MS data.
Elements that had plots which deviated from the linear trend indicates either matrix error in the
XRF data where the concentrations are detection limits, or where there is a peak overlap.
Elements with weak correlations between the XRF and ICP-MS data were not used in further
analyses. When some elements are in low concentrations (falling below the spectrometer’s

detection limits), sometimes their concentrations are reported as negative values.

Elements that had plots which deviated from the linear trend indicates either matrix error
in the XRF data where the concentrations are detection limits, or where there is a peak overlap.
Elements with weak correlations between the XRF and ICP-MS data were not used in further
analyses. When some elements are in low concentrations (falling below the spectrometer’s
detection limits), sometimes their concentrations are reported as negative values. A portable XRF
is intended to analyze elements with elevated concentrations in the field and therefore the
calibration disk is generally elevated in many of the elements. Therefore, when a sample contains
low concentrations, the errors increase exponentially and the concentrations for particular
elements are sometimes reported as negative values. These elements include P, Y, U, Sb, N1, Au,
Mo, La, Ce, Cd, and Bi; and have been removed from the overall analysis as they are not

reliable. Bismuth and Au XRF data were not used because of peak overlaps with Pb and As,



respectively. Although Y and Zr do not correlate well in binary plotes of the XRF data vs. the

ICP-MS data, most likely the mineral phases in which these elements did not undergo full

digestion during the sample preparation during I[CP-MS analysis.
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To ensure that the XRF data are reproducible, 20 samples were arbitrarily chosen to be

reanalyzed ten times each and subsequently undergo statistical analysis to determine the standard
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deviation and percent error of the analyses. Of the 49 elements which the XRF analyzes for, only

16 elements (displayed in table 1) were determined to be reproducible/ or that they were

previously determine to not be usable due to their low accuracy (as shown with the ICP-MS
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Element mobility most often takes place during weathering, diagenesis, metamorphism,
or hydrothermal activity (Rollinson, 1993). The alteration that this study focuses on is related to
the hydrothermal activity which is associated with the quartz veining and wall rock alteration
which developed through fluid-rock interaction in multiple stages. The alteration that may have
occurred during weathering, diagenesis and metamorphism is not addressed in this study, and so
for our purposes, any of this alteration is considered to be part of the host rock geochemical
signature. Through trial and error, multiple pairs of elements were plotted to first determine
which elements were relatively immobile during hydrothermal alteration. The objective was to
identify geochemistry that is reflective of primary lithologies irrespective of alteration through
these immobile elements. Titanium, Cr, and V show very good linear correlation with little
deviation from the slope, likely reflecting the host rock lithology. Figure 9 shows these immobile
elements plotted against one another, as well as the representative average Phanerozoic quartz
arenite and North American Shale Composite (NASC). The average Phanerozoic quartz arenite
(Condie et al., 1991) is a normalized average of elemental concentrations to minimize the effect
of varying carbonate within the sample. The North American Shale Composite represents the
average crustal material and represents normalized elemental concentrations from post-Archaean

shale (Boryta and Condie, 1990).
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From historical drillhole logs, the broad lithological groups that comprise the Beaver
Dam deposit include quartz veins, metasandstones, and slates. Figure 9 distinguishes these
lithological groups, which are also generally distinguished by plotting the North American Shale
Composite (NASC) and the average Phanerozoic quartz arenite. Pure quartz veins contain little
to no concentrations of the transitional immobile elements Ti, Cr, or V, and therefore samples
taken from quartz veins will plot near or at the origin in the plots in Figure 9. Metasandstones
typically contain high silica contents, and relatively low concentrations of trace elements (V, Ti
and Cr). In contrast, slates will contain higher concentrations of these trace elements due to the
abundance of micas and clays within their composition. The trends shown in Figure 9, permit the
subdivision of these lithologic boundaries, however due to the nature of the sampling process
(samples were taken in 1m intervals, irrespective of lithology or alteration), as well as the
presence of interbedded metasiltstone, there is a mixing zone between the three rock groups. This
is why there is a continuous linear trend in these figures as opposed to distinct groups.
Comparatively, Figure 10 is a plot of V vs. Zr, which shows an inverse relationship in these
elements that reflect the concentration of detrital zircon in the coarser beds of metasandstone

lithologies.
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Binary plots were created to determine the general host-rock lithology, as well as to look
for elements that yield anomalies that deviated from the host-rock lithological trend, which may
represent hydrothermal alteration within the deposit. These elements were then plotted against
the values from the fine fraction of gold to determine if any of these alteration indices are

geochemically associated with gold.
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To test for carbonate alteration, Mn and Ca were plotted against Ti and V shown in

Figure 11. Some samples show elevated Mn and Ca concentrations relative to the overall host

rock compositional trend. Typically, carbonate alteration is observed in the hanging wall of the

Mud Lake Fault (Fig. 4), filling in late brittle faults as veinlets. This zone of faulting could have

been a fluid conduit, and therefore the samples with anomalous Ca and Mn were plotted against

the fine fraction of gold to determine if the carbonate alteration and gold mineralization are

associated (Fig. 11). There is a very poor correlation between both the Ca and Mn relative to the

fine fraction of gold, as seen through the calculated R values of 0.0016 and 0.005, respectively.
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Alkali and alkali earth elements are often associated with mobility during hydrothermal
alteration (Rollinson, 1993). Potassium, Rb, Sr and Ba were plotted against Cr in order to
determine if the alkali and alkali earth yielded concentrations that deviate from the host rock
compositional trend (Fig. 12). Potassium, Rb, and Ba all show good correlations with Cr, likely
reflecting the host lithology. Some samples show strongly enriched Sr concentrations relative to
the host rock compositional trend. In particular, there is a cluster of samples with very low
concentrations of Cr and high concentrations of Sr that can’t be explained by lithology. A few
samples of slate (higher concentrations of Cr) show slight depletion of Rb and Ba relative to the

host rock geochemical trend (Fig. 12) also suggest local alteration.



33

1200 1 80000 -
1000 70000
60000
800 50000
600 40000
@ ¥ 30000
400 20000
200 10000
0 ‘
0 — - 50 100 150 200
? 50 100 150 200 -10000 ?
200 -20000
Cr Cr
300 - 1200
250 - 1000
200 300
150 & 600
=
100 400
50 200
o Em— 0
50 U 50 100 150 200 0 50 100 150 200
Cr Cr

Other elements which were plotted against the immobile transitional elements include Fe,
Cu and Pb. These elements occur in sulphide phases that were documented by Kontak and Smith
(1993) to be related to hydrothermal alteration and therefore they were expected to show
enrichment relative to the host rock geochemical signature (Fig.13). Iron shows good correlation

with the transitional elements, with an R” value of 0.8738. When these elements (Fe, Cu and Pb)
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Elements which showed the greatest amount of mobility were As and Zn. Both As and Zn
have a large number of samples which are significantly greater than the plotted NASC. These
elements may be reflecting the presence of arsenopyrite and sphalerite which are observed within
the deposit, however it is also possible that these elements are found as trace metals within the
host rock geochemistry. Samples with anomalous As and Zn are plotted against the fine fraction
of gold to determine if there is a correlation (Fig. 14). Arsenic shows a very weak correlation
with gold, with a corresponding R* value of 0.0002. In addition, Zinc also shows a statistically
very weak geochemical correlation with gold, with an R? value of only 0.0309. It is possible that
there may be geochemical trends between alteration and gold on a scale greater than 1 m, and

therefore cross sections have been generated to look for potential larger spatial correlations.
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In general the above analysis indicated there is only minor evidence of alteration related

to vein emplacement and related mineralization. In addition, there is poor correlation of gold

with other elements. Regarding the latter is it noted that this non-correlation is based on

comparison of individual samples and any spatial relation was not evaluated.

In addition to the geochemical analysis that was conducted, cross sections of the drill

holes analyzed were generated, displaying the general lithologies of the deposit, as well as

histograms of both the fine fraction of gold and elements which showed enrichment or depletion

relative to the host rock geochemical trend (Figs. 15-18). This was done to determine whether
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there is perhaps a spatial correlation between gold and alteration on a scale larger than the 1m

sample intervals reflected in the binary geochemical plots.

A set of 13 sections have been generated from the main mineralized zone of the deposit
(800E to 1100E, refer to Fig.15 and Appendix B). Each section contains drill holes that have
been systematically logged, sampled at 1 m intervals and analyzed for Au by fire assay and
whole-rock lithogeochemistry by XRF spectrometry. The concentrations of elements which may
indicate the hydrothermal alteration, as well as the concentration of the fine fraction of gold are
displayed as histograms down the hole in an attempt to determine whether there are any spatial

relationships.
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Elements with the strongest enrichment relative to the host rock compositional trends are
Ca, As, and Zn, and these were selected to be plotted spatially against the fine fraction of gold in
cross section. Calcium appears to partition into the metasandstones as a general trend, although
there is a relatively wide distribution along drill holes; however there is no apparent correlation
with the corresponding gold values (Fig. 16). Arsenic is concentrated in a zone documented in
drill logs to be rich in arsenopyrite and the gold is distinctly structurally lower (Fig. 17). Both As
and Zn appear slightly enriched within the Papke and Austen slate-dominated lithologic units
(Figs. 17 and 18), which are also the zones where the majority of gold is documented, although
there is no close correlation with gold values. These spatial sections all suggest a spatial non-

correlation between gold and these altered elements.

Additional cross sections were generated comparing gold values with K, Mn, Rb and Sr
(Appendix B). As expected, Mn and Sr both have similar trends to Ca most likely because these
three elements substitute for each other in carbonate alteration. Potassium and Rb both partition
into the Papke and Austen slate-dominated lithologic units, which corresponds to the

geochemical analysis.
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Cross sections comparing As to elements which may indicate hydrothermal alteration
have also been generated in attempt to determine which of these elements may be paragenetically
related with arsenic. Cross sections which compare values of As vs. Fe, Cu, K, Mn and Rb do
not show any tangible correlation with arsenic (Appendix B). As the geochemical analysis
indicated, Fe, K, and Rb all show partitioning into the Papke and Austen slate-dominated
lithologic units, and therefore follow the host rock geochemical signatures. Manganese does not
correlate well with As, but instead has a similar distribution to Ca and Sr. Copper is found in
small concentrations and has a similar spatial distribution to Zn, however no correlation with As
is evident. Although Zn seems to have many sample which are elevated in comparison to the
host rock geochemical signature, cross sections show that Zn is controlled more by lithology

than alteration.
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By constructing bivariate plots of the concentrations of numerous elements determined by
portable XRF spectrometry within the Beaver Dam deposit, some plots produce linear trends
likely reflecting the composition of the host rock lithologies. In contrast, other samples which
yielded higher or lower concentrations in comparison to the host rock lithological geochemical
signatures may reflect hydrothermal alteration. The original scope of this study was to identify
specific elements introduced during hydrothermal alteration which have compositional
enrichment or depletion commensurate with Au grades, and therefore provide an additional
exploration strategy. However, upon analysis, the data collected during this study reveals an
apparent disassociation, or non-correlation, between hydrothermal alteration and gold. There are
numerous possible reasons why there is an apparent non-correlation and some of them are
discussed below as well as recommendations for future work in order to mitigate against

potential flaws in the methodology of a study of this nature.

Ensuring that the XRF data is both accurate and precise is essential in order to be able to
confidently interpret any data that is obtained. As previously stated, a subset of 30 samples
(Appendix A) was analyzed both by XRF spectrometry as well as ICP-MS in order to compare
results. Many elements correlated very well to the ICP-MS data, and are therefore considered to
be accurate for the purpose of this study. Elements which did not correlate well to the ICP-MS

data are considered unreliable due to their low detection limits by XRF, and cannot be used in



45

this study. Yittrium and Zr are exceptions to this rule, as they did not undergo full digestion in

ICP-MS sample preparation.

Another subset of samples was taken and reanalyzed multiple times by XRF spectrometry
to determine the statistical precision of the data. Sixteen of the elements which the XRF
spectrometer analyzes for yield a percent error lower than 3%, and all of this data falls within 1
standard deviation of the mean, therefore the data is considered to be reliable for the purpose of

this study.

The quality assurance and quality control procedures that were followed in this study has
produced results which ensure that the energy dispersive XRF used here provide great numbers
for the 16 elements which were ultimately used for analysis. This analytical method allowed for

a large amount of data to be produced in a relatively quick and cost effective manner.

Binary diagrams have been generated to explore geochemical relationships in the Beaver
Dam deposit. The initial purpose of this study was to look for pathfinder elements associated
with gold to develop a more detailed description of gold mineralization in the Beaver Dam
deposit. However, upon evaluation of the geochemical analysis, it appears that there are no trace
elements which show any good correlation with the fine fraction of gold. Instead, the XRF data
reveals geochemistry that is strongly controlled by the host-rock lithology (which includes the

primary sediments of greywacke, shale, and metamorphism).
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Through trial and error, binary plots were made, looking for linear trends with little to no
deviations from the slope to look for elements which may have been immobile within the
deposit. Elements Cr, V, and Ti all show excellent correlation with eachother, and were therefore
determined to represent the host rock lithology. When plotted against each other, Ti, Cr, and V
have an average R* of 0.8654, which is a statistically very strong correlation, and provides
confidence in the interpretation that these trends reflect a real geologic process. This geological
signature has been interpreted to represent two of the main lithologies present in the deposit.
Slates will concentrate transitional elements, which concentrate in micas and clays within their
composition. Metasandstones are silica rich, and have low concentrations of Ti, Cr, and V
relative to slate. Pure quartz veins are also interpreted to be nearly pure silica (and therefore
nearly no concentrations of transitional elements) and will therefore be found near the origin.
Zirconium is also a good proxy for the host rock lithology, as it concentrates within the

metasandstones (in contrast to Cr, V and Ti).

Bivariate plots which show samples with elevated concentrations relative to the geochemical
signature of the host rock lithology are considered to have potentially undergone hydrothermal
alteration. Through trial and error, many elements have been plotted against the previously

determined immobile elements to look for potential proxies for alteration.

Calcium and Mn both yielded samples which deviated from the regression, which could

indicate the presence of the aforementioned carbonate alteration which has been described
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throughout the deposit. It is likely that Ca, Mn, and Sr all substitute for each other in carbonate
phases. In the Ca vs. Ti plot, there are samples with anomalously high concentrations of Ca with
little to no Ti, likely reflecting the thick quartz- carbonate veins. To determine the association
between the carbonate alteration with the fine fraction of gold, both Ca and Mn were plotted
against gold and they both showed a very weak correlation, suggesting that Ca and Mn were

either introduced as separate events, or that gold underwent a later remobilization.

Alkali and alkali earth elements (Ba, Rb, K, and Sr) were also plotted against the immobile
Cr in order to determine enrichment or depletion relative to the host rock geochemistry.
Strontium shows a similar pattern to Ca, as they are of similar atomic size, and therefore Sr
substitutes for Ca where carbonate is present during carbonate alteration explaining their similar
geochemical signature. Barium, Sb, and K all had a geochemical signature that had a little
deviation from the host rock geochemical signature, however they all have some samples which
show a slight depletion of these elements in the slates, which could reflect quartz veining, or
during wallrock/clay alteration. Overall these elements primarily reflect the host rock

geochemical trend, with very weak alteration.

Because the presence of sulphides are often used as a proxy for gold, Fe, Cu, Pb, As, and Zn
were all plotted against Cr in order to identify samples enriched in these elements relative to the
geochemical signature of the host rock lithology which may reflect the presence of sulphides.
Many samples showed higher concentrations relative to the host rock geochemistry (as well as
their corresponding averages of the NASC and average Phanerozoic quartz arenite), however,
when these samples showing the anomalous concentrations were plotted against the fine fraction

of gold, they all yielded a very weak correlation, indicating that they were either introduced into
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the system separately, or that the gold underwent a later stage of remobilization at a lower

temperature (in which remobilization of sulphides would not have been possible).

In an attempt to look for general patterns within the geochemistry, plots of the major
elements of interest were made to summarize the data (Figs. 19, 20). Figure 19 is a summary
diagram for hole BD05-044 (Fig. 15), and provides a good comparison of both the geochemical
and spatial distribution of the concentrations of the major elements of interest, including gold.
The major lithologies (metasandstone and slate) are represented by colour, with quartz veins (in
red) inferred from the geochemical spikes of gold anomalies. Chromium is meant to reflect the
geochemical signature of the host rock lithology, and K and Zn both have a very similar
geochemical pattern, and can therefore be interpreted to reflect the host rock lithology as well.
Spikes within the Au signature may represent their presence within quartz veins, and we would
expect to see spikes of Zr representing quartz veining as well since zirconium concentrates in
silica rich lithologic groups. Calcium seems to partition within the metasandstones, which was
also apparent within the cross sections that were generated (possibly reflecting brittle fractures
and calcite veining). Arsenic shows a very interesting geochemical signature, where elevated
arsenic is concentrated at the structural top of an approximately 40 m thick slate package. This
abrupt signature may reflect hydrothermal alteration, although it does not strongly correspond to
the gold values, so the timing of the two may still differ. In summary, many of the trace elements
which have been analyzed show a strong correlation to the host rock geochemical signature, and

hydrothermal alteration is generally weak, and poorly represented in this data.
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Figure 20 is a summary diagram for drill hole BD05-030 (Fig. 15). Concentrations of Cr
were used to represent the host rock lithology in the hole. Higher concentrations of Cr are
generally found within the slate packages (the Papke unit is structurally higher than the Austen),
and K and Zn both show a very similar geochemical signature, indicating that they both are
controlled primarily by the host rock lithology. Calcium seems relatively evenly distributed, with
potentially slightly higher elevations within the metasandstone unit, possibly reflecting brittle
faulting and calcite veining as observed within the deposit. Quartz veins are inferred where there
are significant spikes in concentration for the fine fraction of Au. Interestingly, where one of
these spikes occur, there is also an observed negative anomaly in Cr, Zr, K, and Zn, which would
further indicate the presence of a pure quartz vein. Elevated As is concentrated at the structural
top of the Papke slate unit in both of these summary diagrams, and is relatively depleted within
the rest of the section. This uneven distribution could indicate that As is a product of alteration,

although it does not correlate with the gold values.
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Sets of 13 spatial sections (Figs. 16-18, Appendix B) were generated to represent the
main area of mineralization to look at spatial trends of elemental distributions compared to both
the concentrations of gold and arsenic. Arsenic is concentrated in zones which are structurally
higher than Au. This could indicate the presence of arsenopyrite located in the foot wall of the
Mud Fault, or infilling brittle faults along this structurally higher region. Although it is possible
to distinguish some partitioning trends of some elements into the host rock lithologies, there
seems to be no correlations between any of these elevated elements relative to the gold. Elements
Ca, Ba, Fe, K, Mn, Rb and Zn partition into lithologic zones of the drill holes, indicating that
their concentrations partition and reflect the host rock lithology. These elements are widely
distributed with no large anomalous spikes, which may indicate that these elements were not
subject to hydrothermal alteration (or weakly associated with hydrothermal alteration), and are

therefore reflecting the host rock lithology.

As previously mentioned, sampling of this deposit was done before this study had taken
place, and is not ideal for the scope of this study as lithologic contacts were not honoured. Drill
core was sampled at 1 m intervals irrespective of the lithology, quartz veining, or hydrothermal
alteration. This protocol has resulted in the mixing of lithological types and quartz veining which
yields mixing zones between the lithological groups, and potentially dilutes the data. This
sampling problem is worth mentioning, as it could potentially be the cause for these weak to

non-correlations present in the geochemical analysis. Further work for this study would include a
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sampling protocol that was done systematically based on lithology, quartz veining, and alteration
to help distinguish patterns from the current problem of the mixing zones created. That said,
there are very good correlations in plots of Ti vs. Cr, etc., which reflect the composition of the

host rocks. From the data at hand, preliminary conclusions are still able to be derived.

Other potential causes of this apparent non-correlation between hydrothermal alteration
and gold mineralization could include the very low degree of hydrothermal alteration present in
the Beaver Dam deposit (essentially limited to silica flooding and a small amount of carbonate
alteration). Additionally, gold commonly occurs as isolated nuggets and therefore the gold grade
values determined from sampling drill core could be artificially enriched or depleted relative to
the overall gold budget. Although measures were taken to avoid the nugget effect (by using
duplicate Au analyses of the fine fraction of the sample pulps), it is still possible that there are
still sub-100 micron nuggets present in the geochemical analysis, or that the large nuggets may
have been pulverized to less than 100 microns. The nugget effect is a problem for geochemical
interpretation because it will yield high variations of gold concentrations in each sample taken,
no matter how close or systematic the sampling is done, and therefore the data are independent
and it is not possible to draw reasonable geochemical trends (Dominy et al., 2002). Using the
fine fraction of the sample pulps is done to decrease the nugget effect, and ideally provide less
erratic results, however it is possible that the gold grades are not representative. Additional
bivariate plots were generated comparing alteration with the total gold concentrations (which

includes both the coarse and fine fraction), however these weak correlations are still evident.
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indicate two paragenetic possibilities: 1) either that gold was introduced into the system as a
separate fluid event, or 2) that gold was introduced into the deposit synchronously with the
sulphides (most specifically aresenopyrite) during a high temperature phase, and then

subsequently remobilized during a later, lower temperature fluid event.

Kontak and Smith (1993) infer that the temperature of vein formation (as summarized in
Chapter 1.2.3) for the Stage [ mineralogy was approximately 525°C and for Stage Il mineralogy
was approximately 375°C. Arsenopyrite is thought to have been synchronously deposited with
the Stage Il mineralogy, although paragenesis of the sulphides is poorly constrained. Kontak and
Smith (1993) observed gold inclusions in arsenopyrite and pyrrhotite, and suggested that gold
was not introduced as a separate event, but rather in conjunction with the sulphide minerals.
Gold is a siderophile element, which is commonly associated with pyrite and arsenopyrite
(Rankama and Sahama, 1950). Native gold is very chemically inert, and so it is possible that the
gold underwent later remobilization (after Stage II mineral paragenesis) at temperatures below

perhaps 200°C, where sulphide remobilization would not have been possible.

Further work could look for more gold inclusions within the arsenopyrite or other sulphide
minerals, as well as to use electron microprobe analysis to look for gold inclusions within the
chemical structure of these sulphide minerals. Such associations would confirm that the gold and
sulphide mineralization were deposited synchronously, and the geochemical non-correlation that

this study has found would further indicate that gold has indeed undergone a separate later phase
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of remobilization at a lower temperature. Analyses to determine the temperature of formation of

the gold grains could also be implemented to verify if this remobilization may have occurred.

This study used whole rock lithogeochemistry to determine if there is a geochemical or
spatial correlation between alteration and gold in the Beaver Dam deposit, Nova Scotia. Samples
which had been previously obtained by standard drillcore sampling methods by Acadian Mining
have undergone energy dispersive XRF spectroscopy as an alternative to other geochemical
analyses because it is both cost and time effective. Because the sample pulps were obtained prior
to this study, the sampling protocol that was implemented has provided potential limitations for
the interpretation of the data. A subset of the samples were analyzed by ICP-MS to ensure the
precision of the data, and an additional subset of samples were reanalyzed to determine the
statistical reproducibility of the data. Although some elements had to be discarded from this
study due to their unreliable results, 16 have yielded good precise and reproducible results to

allow for the interpretation of deposit scale trends in Beaver Dam’s geochemistry.

The samples were taken irrespective of lithology, quartz veining, or alteration, and so a
mixing zone is evident in the geochemical analysis, however because the host rock geochemical
signature makes such strong correlations, preliminary conclusions were drawn. Titanium, V and
Cr were determined to be immobile, and showed excellent correlation with each other that
reflects the general composition of the host rocks in the deposit. Transitional elements Ti, Cr

and V will generally partition into the slates, and are depleted in silica-rich metasandstones
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which is reflected in the bivariate plots. Quartz veins are also evident in these binary plots as
being comprised of almost entirely quartz (and therefore little to no trace element concentrations)
and can be found near to the origin in these plots. The linear trend of these lithological plots
represents a mixing zone between the metasandstone and slates, which represents both the
interbedded nature of the deposit, and also may represent the sampling method previously

described.

These transitional metals were then used as a proxy for lithology, and when plotted against
other trace elements, samples which deviated from the linear correlation may potentially
represent hydrothermal alteration within the deposit. The samples enriched above the host rock
composition were subsequently plotted against the fine fraction of gold to determine any

geochemical correlations; however all of these elements were not correlated to gold.

Cross sections were then generated to determine if there were relationships between
alteration and gold on a larger scale, however no such relationships were found. Most elements
in cross section had a wide distribution and represent the host rock geochemical signature.
Arsenic had anomalous spikes in concentrations, which may represent hydrothermal alteration,

however its abundance was structurally higher than the fine fraction of gold.

These lack of correlations between gold and potential alteration elements could be a product
the non-ideal sampling method that was implemented, which may have resulted in a dilution of
the data. In addition, it is possible that the fine fraction of gold that was used either did not
extensively sieve out all gold ‘nuggets’, and so gold grade values determined by fire assay may

be artificially enriched or depleted. Additionally, because the degree hydrothermal alteration
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observed in the Beaver Dam deposit is so low and somewhat limited to silica flooding and minor

carbonate alteration; geochemical signatures may be very small and difficult to distinguish.

Due to the fact that plots of the transitional elements Ti, Cr, and V create very good
correlations with eachother, it seems very likely that these elements represent the host rock
lithology in Beaver Dam, and therefore from the data at hand, it is possible to derive some
preliminary conclusions. Potential reasons that explain this geochemical non-correlation lead to
the hypotheses that gold was either 1) introduced as a separate fluid event within the deposit, or
2) that gold was deposited synchronously with the stage Il mineralogy and subsequently
underwent a later, lower-temperature remobilization. The latter hypothesis seems to be more
likely, since earlier studies have observed gold inclusions within arsenopyrite, indicating that the

sulphide minerals were deposited with the gold.

The confidence in the geochemical analysis for this study could be obtained by initiating a
new sampling method in which samples were taken systematically targeting main lithologies,
quartz veining and alteration. This would ensure that the geochemical interpretation solely
reflects that of the deposit, and no dilution in the data would occur. If further geochemical
analysis yields these similar non-correlations between alteration and gold, further work could be
done to determine the paragenesis of gold in the deposit. If the gold has undergone
remobilization, the temperature of the gold remobilization could be determined, as well as to
look for more gold inclusions in association with the sulphide minerals, or within the chemical

structure of the sulphide minerals.



58

A subset of 30 samples were selected to undergo both ICP-MS analysis as well as XRF
analysis in order to determine the statistical accuracy of the XRF data. Although over 5000
samples have been analyzed over the course of this study, these data are proprietary and owned
by Acadian Mining. They have permitted the release of this representative data set, as well as the
corresponding gold values which were obtained prior to the implementation of this study by fire

assay. All values are reported in ppm, unless stated otherwise.
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Sets of 13 cross sections have been generated to represent the main area of mineralization
(800E-1100E). These cross sections contain drill holes that have been systematically logged,
sampled at 1 m intervals, and analyzed for Au by fire assay and whole- rock lithogeochemistry.
Histograms on the cross sections represent concentrations of elements of interest. These sections

are digitally available on the USB drive provided.
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