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ABSTRACT

The Fisher property is part of the Seabee Gold Operation in northern Saskatchewan, which also
includes the active Santoy mine and the recently decommissioned Seabee mine. These
Paleoproterozo orogenic gold deposits are hosted by secondary shear zones in the Pine Lake
greenstone belt of the Glennie Domain. This region has a complex geological history related to
accretionary episodes during the development of the Reizdeelof the larger TansHudson
Orogen. The structures and lithological units, which host the Santoy and Seabee deposits, are
interpreted to extend to the Fisher property, located to the southeast of the Santoy mine. However,
the characteristics of the supracrustal and inteusbcks that host the auriferous quartz veins in

the Fisher property are not well known. Representative samples of these rocks were collected from
13 drillholes along an 8 km trend of the extension of the Santoy shear zone through the Fisher
property.Petographi¢c geochemicahnd mineralogicatharacteristics were determined for these
samples to test their correlation with rocks hosting the Santoy depbsithost rocks are
dominated by transitional to caddkaline basalts to dacites, with associateusgive rocks
dominated by grates anddiorites that formed in a maturing ardll rocks were subsequently
metamorphosed to lower amphibolite grade conditions. Sampling of variably altered rocks, and
auriferous quartz (+/fpyrite, chalcopyrite, pyrrhotite, arsenopyrigphalerite native gold) veins

from outcrop and drill core shogvidence of @hin (~50 cm)proximal calesilicatealteration halo

and a distal biotitesericite halo.The alteration assemblage consists of variable proportions of
biotite, chlorite,and sericite (+/- calcite, clinozoisite, epidotajiopside,actinolite, tremolite

tourmaline, scheelij@n mafic rocks, and sericite (Hdiotite, chlorite tourmaline, epidote, calcite)



in granitoids.Basalts from the Fisher property were further discriminated based on their chromium
contentHigh Cr basalts (HCrB; typically 60 ppm Cr) have tmansitional to calalkalineaffinity

and stronger depletions the LREES, especially Nthow Cr basalts (LCrB; typically < 60 ppm

Cr) have a tholeiiticto transitionalaffinity and are relativelyenriched in LREEs Textural
relatiorships from auriferous quartz veins observed in thin section analysis have been used to
constrain a paragenetic sequence encompassing sulphides, precious metals, and alteration phases.
Of note, brecciated textures, -®illurides, and pyrite were associateith high-grade gold.
Petrographic observations also noted variations in alteration minerals morphology, colour and
structural location. The chemistry of these minerals was studied using microprobe analysis to
identify any corresponding chemical changescWwiwere notably observed in chlorite, where a
Fe-.endmember chlorite is typical of velosted chlorites, but were absent in other phases, such as
biotite. Molar Element Ratialiagramsandmass change plots sugg#sit gains in K and losses

in Na reflectfeldspar destruction and subsequent seraii#/or biotite/chloritdormation which

tend to be stronger in HCrB relative to LC@B:weighted enrichment/depletion plots show HCrB
have stronger enrichments in K, Rb, Ba, Pb, As, Mo and depletions PriNeipal Component
Analysis identified element clusters reflecting primary igneous features and a possible Au or
chalcophilerelated signature of Pb, As, As, WY + Bi, Te, and SbFluid conditions were likely
constrained by low salinities, made evideptidowv concentrations of base metals, and were likely
boronenriched Gold mineralization at the Fisher property likely has a strong relationship with
structures, howevetHCrB, LCrB, granites andnetasedimentary rockall have potential as

favourablehostrocks
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CHAPTER 1: INTRODUCTION

1.1  Background Summaryand Research Hypothesis

Classically, orogenic gold deposits consist of quartz veins and associated altered rocks
hosted by crustadcale structures, in predominantly greenschist grade metamorphic host rocks.
Although Archean cratons include some of the largad most economic orogenic gold deposits
in the world and in Canada (Robert et al., 2007; Goldfarb et al., 2005), there has been increasing
recognition that significant orogenic gold deposits also occur in younger, Paleoproterozoic rocks
of the Canadiarshield €.g.Lawley et al., 2016; Wood, 201dhomas and Heaman, 1994n
addition, some of these deposits are hosteahigghibolitegrade metamorphic rockislardy, 1994)
which emphasizes that other terranes of varying age and metamorphic grade iratharCahield

may warrant further investigation.

Historical gold exploration in the Reindemsne of the Precambrian Shield in northern
Saskatchewan dat #&lerellitandMachaehlae, 200d Oyerall, tnOsbobtlise g¢ld
in Saskatchewan hasdremined from volcanogenic massive sulphide or orogenic gold deposits.
The Seabee Gold Operation, which lies within the Glennie Domain comprises several examples of
these orogenic gold deposits and includes the active Santoy mine and the recently déaoetniss
Seabee minelby, 2017)These Paleoproterozoic orogenic gold deposits are hosted by multiple
shear zones (Tourigny, 2003), such as the Santoy Shear zone, whidelgreplays off the
Tabbernor fault which has a history of early ductile defolwnaand later brittle reactivation

(Wood, 2016; Lewry et al., PD).



Theintentof the projects to determine thpetrographicgeochemicaland mineralogical
characteristicof host rocks and alteration haloes to auriferous quartz veins. The overarching
research hypothesis is that the host rocks to gold on the Fisher property are equivalent to those
which host known mineralization at the Santoy deposit. This will be examinedgthrihe

following objectives:

(2) Characterize host rock lithologies using petrology and lithogeochemistry to constrain those
that are favourable for gold mineralization

(2) Identify alteration haloes and pathfinder elements associated with certain host cks an
the hydrothermal alteration paragenetic sequence

3) Evaluatechemical variations associated with host rock, distal and proximal mineral phases

The host lithologies and structures of the Santoy and Seabee deposits are interpreted to
extend into the Fisharoperty, which is the focus of this stu@verall, this study will provide
further constraints on the characteristics of orogenic gold deposits occurring in Paleoproterozoic
amphibolitegrade metamorphic rocks and will enhance our understanding offtheontinued

exploration.

1.2 ResearchObjectives

The research objectives described above are expanded on here to provide a clear approach

on how the overall research hypothesis was assessed.

Q) Characterization of host rock lithologies is crucial prior to making interpretations
on alteration/mineralization processes. Hand samples and thin sections will be used to identify

primary mineralogy, respective modal percentages, and primary igneousesexthese will



provide suitable rock names and potentially provide insight on primary magmatic processes.
Lithogeochemical data aids in rock identification and can be used to interpret tectonic settings and
magmatic affinities. Comparisons to host rockstree Santoy deposit will also be drawn to
determine their correlation.

(2) Increasing alteratiortypically coalesceswith quartz veining and associated
mineralizationdue to thepresenceof hydrothermal fluids Groveset al, 1998 McCuaig and
Kerrich, 1998. Thealterationphases andssociabnswith host rockscan be useful information
to integrate in an exploration strategy. Alteratiaoeswill be characterized witltore/outcrop
samplesanalyzed usindgithogeochental and petrograph metods Lithogeochemistryaims to
identify pathfinder elements towards gold mineralizatend to understand the alteration framing
guartz veinsA paragenetic sequence will be developed based on textural relationships established
in thin section and micrapbe analysis. Using molar element ratiafich make use of major
elements potentially related to alterationg will also be able to characterize the types of alteration
that exist in specific units (DavieandWhitehead, 2006; Stanle;wdMadeisky, 1998 In addition,
various isocon diagrams and density/elertamtected bar plots will be used to identify certain
element mobilities, which will aid in understanding relative mobility due to hydrothermal
alteration (Gresens, 1967).

3) Understanding chemical mations/zoning in minerals associated with auriferous
guartz veins can reveal important relationships, which may not be apparent through other
analytical methods. Microprobe analysis will be used to compare the chemistry between unaltered
and altered mimal phases and to identify variations influenced by protolith compositions.
Identification of textures associated with mineralization can indicate controls on hydrothermal

processes not apparent in petrographic analysis.



1.3  Overview of Canadian Orogenic Gold Deposits

Orogenic gold deposits are typically hosted by secondary splays of «calalstructures,
within greenstone belt terresy and commonly in Archean age rocks. These deposits are found
especially inthe middle Archean to the Phanerozaitd form under higher pressure settings
between 1.5 and 5 kbar at depths of 4 to 15(&@wldfarb, 2001) Formation temperature are
moderate relative to magmaticy dr ot her mall deposi ts &enerdlg,0 t o 4
the hydrothermal fluids that form the deposits are G@®ich, concentrated i€Hs and/or N and
have consistent fluid compositions indicating a single source influenced the formation of these
deposits (Goldfarb, 2015)n Canada, the Archean Superior Province and Slave Craton-{ffig.1
are weltknown terranes with an extensive and vatlldied Istory of orogenic gold production
(Gosselinand Dubé, 2005) With recent investigations into exploring northern Canada, the
Archean RadHearne Province (Fif-1) has proved to be a suitable teedar orogenic gold
mining. In addition, thé”aleoproterozoe TransHudson Orogen (Fi@-1) hasa long history of

gold exploration and productioMbrelli andMacLachlan, 2012).
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The Archean Superior Provingeexposeaver a large portion of Ontario and southwestern

Quebec. It comprises magpld-endowedyreenstone belts, including the Abitibi, Wawa, Pontiac,

and

Uc hi belt s, whi ch account f or a

signific

greenstone belts hiosiany worldclass gold camps, such as Timmins, Red Lake, Porcupine, and

Val

r (Cévine et al., 1988)stressinghe relationship between greenstone belts and orogenic

gold deposits. Na@onsistencies in host rock lithologismineralization hae beennotedacross



the various belts. For example, the Campbell Red Lake deposit is hostedribii Feleiitic
basalts and basaltic komatiitespposed tdhe SigmalLamaque which is hosted by andesitic
flows, volcaniclasticrocks and dioritic intrusions (Gostin and Dubé, 2005). A important
relationship also lies in the assomat of regionalscale shear zonesith gold depositsThe
orientation of these faults (edstvest trending)n the SuperioProvincesuggest they were related
to regional northi northwesterlydirected accretionary ever{Solvine et al., 1988) Greenschist
metamorplem has affected most rock$iowever amphibolite metamorpism has affected
greenstone beltehere aureoles occur adjacent to intrusive bo(ledvine et al., 1988). The
alteration packages associated with orogenic gold deposty depenthg on hostrock
compositions Carbonatizatiorhas been noted as the maesimmon alteratiorproductat the
regional and mine scal@olvine et al., 1988)In some deposits, carbonate grtd/llosilicate
zoning is present around the dep@sig.Kishada and Kerrich, 198 Mowever otherkack zoning

due tomultiple auriferous fluid everst(e.g.Andrewset al, 1986).

The Slave Province is exposed in the Northwest Territarighsprominent greenstone belts
including the Yellowknife, Hackett River, and Courageous Lake bdéltshean orogenic gold
deposits are typically associated with 2Zi7870 Ga tholeiitic ggenstone belts (Bleeker and Hall,
2007). These tholeiitic greenstone belts typically have a thick, folded turbidite bed adjacent to the
belt and have a tightly infolded, synorogenic conglomerate package. The structuresamghich
associaté with these goldieposits developed along margins of major basement uplifts (Bleeker
and Hall, 2007). The CeGiant deposit is a weknown orogenic gold deposit in the Yellowknife
greenstone belt which is controlled by reverse shear zones (Siddorn, 2011). The Lupapgsiid d
is an example of a banded iron formatiorwhich ore bodies are constrained by the limbs of an

anticlinesyncline pair (Lhotka and Nesbitt, 1989; Gardiner, 1986). Analogoothé&rCanadian



Archean Au deposits in the Superior, the Slave depogisally occur proximal to a major
structure, such as the Yellowknife River Fault in the case of the-G@mimine (Siddorn, 2011).
Gold mineralization in the Slave cratols a result of D> deformation andsubsequent

metamorphism which culminate@.6 t02.59 Ga (Davis and Bleeker, 1999).

|l ncreased expl or ahesibmughtintarest®@aNnravignd the narthernt h
extents of the Raklearne cratonThe Meliadine Deposih the ArcheanRankin Inlet greenstone
belt has become of significant economic interest in recent flesmndey et al., 2015). This deposit
differs fromthose in théSuperior and Slaveratons sincéheauriferoudluids postdate volcanism
in the belt by one billion year(Lawley et al., 2016). Gold in the Rankin Inlet greenstone belt is
typically hosted withirbandedronformations and argillites. THeyke fault ighe primary conduit
for gold-bearing fluids (Carpenter and Duke, 2004). It is believed that gold emplacisiieked
to Paleoproterozoic reactivation of the Pyke and associated faults related to regional

metamorphisnat ca. 1850 to 1830 M&arpenter et al., 2005).

Other younger orogenic gold deposits occur in the Cordillera in western Canada and the
Appalachians in Atlantic Canada. Of focus to this projéog, Reindeer zone of the TraHsidson
Orogen isan example of a Paleoproterozoic terrane in Canada. The Reindeercaompises
greenstone belts, which host betlicanogenic massive sulphidad orogerd gold deposits. The
orogenic gold deposits wesemeemplaced due to thermotectonic events throughout the waning
stages of the TraAdudson Orogerat ca. 1800 MgMorelli and Maclachlan, 2012). Typically,
orogenic gold is hosted by quartz veins in volcasedimentary, and plutonic rocks. Lithological
contacts where competency contrasts ghist those between gabbroic wallrock and dykes at the
Seabee Deposiareafavourable location for gold mineralization, and is a common characteristic

of many orognic gold deposits. Crustal scale shear zones are common in the Reindesncaone,



as theJohnson Sheawone in the case of the Lynn Lake gold depdsdld mineralizatiorat the
Lynn Lakedeposit is typically constrained to the Aggasiz Metallotect cagagrof picrite, banded

iron formation and exhalative sedimentary rocks (BeausSomth and Bohm, 2003)

1.4  ThesisOrganization and Structure

This thesis is separated irdmhtchaptersvith Chapter Introduchgthe study ebjectives
and an overviewfoorogenic gold deposit€hapter 2 discusses the various methods used to answer
the research hypothes{Shaptei3 provides an overview of the regional geolajyhe project area
including the TrangHudson Orogenydevelopment of the Reinderone, and an introduction to
the local geologyChapter4 is intended to provide a complete overviewuoilteredrisher host
rocks and discusses th@etrographic and geochemiadiaracteristicsChapter5 discusses the
electon microprobe results of minerals from unaltered host rocks and alteredCbekse6 uses
various lithogeochemicahethodgo characterize thalterationhaloes associated with host rocks
Chapter7 addresses interpretations, conclusions, and immitaof the findings from previous
chaptersThis chaptealsodrawscomparisons to work done on the Santoy deposit and provides a
preliminary deposit modein which further work can expand o@hapter8 summarizes all the

findings from this project and @htifiesareas for future research.



CHAPTER 2: METHODOLOGY

A total of 57 unaltered and representative supracrustal rocks were collectedeigbin
drillholes (FIS18-001, 003, 016, 017, 018, 022, QP28) along an 8 km trend of the Santoy Shear
zone Fig. 2-1). Additionally, 26 variably altered samples were collected along the same trend
from severdrillholes (FIS18-020, 021, 023, 024, 028 & FHB-030, 035 Fig. 2-1). Samples were
selected based on caneages provided by SSR Mining Inc. and include sasfrlom near surface
to 720 mat depth.Altered samples were collected at varying intervals, depending on visible
alteration and Au grade of the interval. Generally, a least, moderate, and highly altered sample was
selected from an interval, rangifrgm 0.51 2.0 m in length, encompassing the extents of the calc
silicate alteration halo. An additional 20 lea#tered surface grab samples were collected along
two transects across the Fisher shear zone and provide a comprehensive overview oé$ithologi
on the property. The complete list of all samples collected for this thesis and respective analyses

is available in Appendix A.
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Figure2-1 Location of drillholes symbolized based on year of drilling program and surface grab samples
collected for this thesis. Map was produced in ArcGIS.
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2.1  Lithogeochemistry

A total of 100 samples (74 unalter&tb variably altered) were sent for ICP Whole Rock
analysis to 8skatchewan Resource Courtgadoanalytical Laboratories in Saskato®K, Canada.
In addition to samples analyzed for this research, quality control and quality assurance (QA/QC)
was monitored using duplicates for every 40 analyses, 3 stdard 1 blankSamples were
crushed, split, and pulverized using an agate ring. Aliquots of samples are combined with a lithium
metaborate and lithium tetraborate mixture and subsequently fused. The material is then poured
into a dilute HNQ solution andlissolved to be analyzed byductively Coupled PlasniaOptical
Emission SpectrometryGP-OES andInductively Coupled PlasniaOptical Mass Spectrometry
(ICP-MS) as part of the Whole Rock and Trace Element Analysis Package (WRITRIQES
was used t@nalyze AIO3, CaO, FeOs3, MgO, MnO, BOs, K20, NaO, TiO; (detection limit:
0.01%), SiQ, LOI (detection limit: 0.1%), Cr, V, and Sc (detection limitpgm). ICRMS was
used to analyzBb (detection limit: 0.001 ppm), Dy, Er, Eu, Gd, Ho, Lu, Pr, Sm, Ta, Tb, Th, Tm,
U, Yb, Y (detection limit: 0.01 ppm), As, Be, Bi, Cd, Cs, Co, Cu, Ga, Ge, Hf, Hg, Mo, Nd, Rb,
Ag, Te, Sn (detection limit: 0.1 ppm), Sb, Ba, Ce, La, Nb, Ni, Se, W, Zn, adkiction limit:

1 ppm).

The unaltered samples include texturally consistent intervals of supracrustal felsic to mafic
volcanic rocks and various plutonic rocks. Major and trace element constituents of these samples
were used to distinguish rock typesian determine the tectonic setting and magmatic affinities.

All lithogeochemical plots were created in i0GAS, excel and OriginPro. The complete

lithogeochemical datset is listed in Appendix B.
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2.1.1. Alteration Analysis

Use of Molar Element Ratios to quagttiydrothermal alteration is an approach commonly
used in ore deposit studies, especially in VMS systems where large alteration haloes exist (Stanley,
2013; Piercey, 2009). Molar Element Ratios include General Element Ratios (GERs) and Pearce
Element Ratis (PERS) and are an appropriate approach to avoid the effects of closure (Stanley,
2013). PERs are calculated directly from raw geochemical data, using Equation (1), and are used
to gain insight on various rodlkrming processes. The denominator of theaetjui o @0,, oirs fa
conserved element, which should be identified by prior conserved element analysis (Stanley,
2013), further discussed in section 3.2. GERs differ in that the denominator of the equation (Eq.
2) is not a conserved element. Instead, tlesnent is one that participates in material transfer
processes. GERs are intentionally constructed this way to show material transfers such as

metasomatism (Stanley, 2013).

wherex is the wt. % concentratioof elementx, zis the wt. % concentration abnserved

elementz andGFWis the oxide gram formula weight.

(Eq. 2) ‘'0o0y —— —
Wherex is the wt. % concentration of elemexty is the wt. % concentration afon-

conserveclementy, zis the wt. % concentration gbnservecklementz, andGFWis the oxide

gram formula weight.
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Isocon diagramgGrant, 1986; Gresens, 196@&yaluate chemical variations only on a
sampleto-sample basis by plotting an unaltered ostediered sample on the x axis, and an altered
sample on the y axi§he isocon line is defined by immobile elements of equal concentration and
variances from a slope of 1 indicate a volume change (Grant, 188&ments are gained through
alteration |t will plot above the isocon line. If an element is lost during hydrothermal alteration, it
will plot below the isocon linelsocon lines wereeither forced through Zr (assuming it was
immobile)or forced through a combination of conserved elementsimdsarockfrom the origin
(y=0). As the R value gets closer to 1, there is greater immobility of elements. If the slope of the
isocon line is > 1, the elemental gains are stronger than elemental losses, and the reverse is true if

the slope is < 1.

Statistical analysis is an alternative approach to understanding elemental relationships in
specific suites. Principal Component Analysis (PCA) reduces the dimensionality of data and can
help identify element associations (Gazley, 2015). The first princiraponent is that which
accounts for the most variation within the dataset, and each subsequent component accounts for
less variance (Fig.-63). Eigenvectors are the result of the principal component calculation, and
in this case, were calculated usingh@ed Log Ratio (CLR) transformed data. CLR transformed
data is used to remove the effect of closure, which is common when using raw chemical
composition data (Buccianti and Grunsky, 2014), by representing each element as a ratio to a
central value (Aitctson, 1986). The CLR is calculated by taking the log of the ratio between

observed frequencies and their respective geometric means.

An alternative approach to analyzing alteration effects amefghted enrichment/depletion
plots. These plots show elemerdf interest along the x axis, and their respective enrichments

(non-quantitative) on the y axis relative to a leakéred sample (y=1).
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Equation 4 is used to calculate thevigighted enrichment/depletion factor (ZWEF). The
ZWEF works in a similar wago the densityweighted enrichment/depletion factor (DWEF; Eq.3),
which is the reciprocal of Equation 5 from Lesher, 1986. Since density data was not obtained in
this study, an assumed immobile element (Zr) is selected as a factor. It is importanthatnoie

guantitative results should be taken from this type of data, only relative comparisons.
(Eq. 3) 0®00 —

where X is the concentrati 0afin@restlinpgnaitesed t h e

rock B) or unaltered rockA).
(Eq. 4) w00 — —

wherexzr is the concentration of zirconium,is the concentration of elemardf interestB

is the altered rock andlis the protolith (or leasdltered) rock.
(Eq. 5) —

where is the ratio of the volume of rock A (protolith, or leadtered) to that of rock B

(altered) x; is the concentration of elemardnd} is the density.

Analyzing mass changes of elements is another useful approgertifying hydrothermal
alteration. The single precursor method (MacLean and Kranidiotis, 1987) identified sample CO
2019123 (HCrB) as a leastitered precursor. Mass percent change$, Eg. 7) are calculated
assuming Zr is conserved by using a Zrdadt; Eq.6) (Gresens, 1967). Bivariate plots of mass

changes of elements can indicate trends towards various types of alteratiGnl@}ig.
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(Eq.6) Q —

whereXz; is the concentration of zirconium in protoli#tand altered rocB

(Eq.7) W zH B

wherefy is the Zr factorX is the concentration of elemanh a protolithB and an altered rock

2.2  Petrographic & Electron Microprobe Analysis

A suite of45 unaltered samples and 21 variably altered samples were cut perpendicular to
or at an angle to the foliation using a rock saw at the University of Saskatcl®amaplesvere
sent toeitherVancouver Petrographics the University of Saskatchewamin Section Laboratory
for thin section preparatioandwerecutat3 0 e m t hi ck to be examined

reflected light petrography

Two separate labs were used for microprobe analysis due to circumstances that arose during
the Covid19 panderc. Three unaltered sampl¢€0-201919, 33, 34)andonealtered sample
(CO-201928A2) were analyzed using a JEOL 8600 Superprobe electron microprobe analyzer at
the Electron Microscopy Laboratory in the Department of Geological Sciedoegersity of
SaskatchewarPolished thin sections were wiped with a methaualked Kimwipe, then given a
30 second wash in methanol to remove fingerprints and contaminants. Carbon coating was applied
using a carbon evaporator coater to produce a 20Grangsarbon coating. The microprobe
conditions were prset with an accelerating voltage of 15 kV, a beam currentldf 6A and
diameter of 10 micronsThree unaltered samples include a mafic volcaoycoxenite and an

andesite, and thaltered samplesiamafic volcanic (Appendix C)Samples were collected with

15



the intent of analyzing host rock mineral compositia@npositional zoningexsolutions and

micro-textures

In addition, six altered samples (€201948, 55, 61, 69, 81B, 93A) were analyzethgsa

JEOL JXA 8200 electron microprobe at the Department of Geoscience, University of Calgary
(Appendix C). Polished thin sections were cleaned with methanol to remove fingerprints and
contaminants. Carbon coating was applied using a Denton VacuuB0ORA/carbon evaporator.

The microprobe conditions were gset with an accelerating voltage of 15 kV, a beam current of
20 nA and diameter of 5 micronA.range of well characterized natural and synthetic standards
were usedAltered samples were selectedipcompare mineral compositions between unaltered
and altered host rocks; identify 2) textures associated with mineralization and internal textures of
sulphide minerak; 3) alteration minerals not identified in petrographic analysis; and 4)

compositionakoning.

Photomicrographs and BSE images walelled with abbreviations as outlined in Whitney

and Evans (2010Y.he electron microprobe data is listed in Appendix C.
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CHAPTER 3: GEOLOGICAL SETTING

3.1  The Fisher Property & Seabee Gold Operation (SGO)

The Fisher propgy, part of the Seabee Gold Operation, is in-eastral Saskatchewan
(Canada) in the Glennie Domain of the Reindemre. It is approximately 125 km ENE of La
Ronge, SK and lies about 7 km southeast of the active Santoy Thim&GO hostthe Santoy
mining complexwhich accesses numerous deposits includbagtoy 7, 8, 8A, Gap, Gap Hanging
Wall. In 2019, the Santoy mirgroduced350 000 tonnes of ore milled with an average grade of
9.16 g/T Au(Saskatchewan Ministry of Energy and Resources, 2853 January 5, 2021, SSR
Mining Inc. exercised a Second Option earnvith Taiga Gold Corprationfor atotal interest of
80% of the Fisher property (Taigzold Corp, 2021) The Fisher property can be accessed by an
all-season road from the Seabee Gojkration and is accessible by air from Missinipe/Otter Lake

(Selby et al., 2017).

Golddiscoveries n t he ar ea d aMerelliaaddMiclathian, 20b2¢hich 9 4 0 6 s
brought initial interest to the ared@his led to the discovery of the Seabee minehich lies
approximately 10 kmvest of the Santognine. The Seabee mine started producing in November
1991 with an original feasibility study estimating recovergt®,241 oz Au (Basnett, 1999)he
Seabeeninewas decommissioned in 2018 with a totab08,0000z Au recovered (Saskatchewan
Ministry of Energy and Resources, 2018).present April, 2021), the Santoy Gold mine is the

only actively producing gold mine in Saskatchewan.

3.2  Regional Geology

The Fisher property lies in the northeastern cornethef Glennie Domain within the

Reindeer zone of the Paleoproterozoic T+Hnslson Orogeny (TH({Fig. 3-1). The THO formed
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by closure of the Manikewan Ocegstauffer, 1984)and delineates the collisional suture zone
between the RakElearne, Sask and Superior cratons (Ansdell, 2005). Possible extents have been
traced from northern Europe through Nunavkdskatchewarand Manitoba (Hoffman, 1988),

and below the Phanerozoic seéntary units of the Williston Basitt is then believed toontinue

south to the Grand Canyon aré&ackford and Hill, 2007;Ansdell, 2005) where it is terminated

by the Central Plains orogen (Sims and Peterman, 1986).

Figure3-1 Simplified geological map of the Canadian Shield with the approximate boundaries of the Trans
Hudson Orogen shown by black lingaodified from Corrigan et al, 2014). The solid line represents a
definiteboundary, while the dashed line is approximate. Major Archean provinces (light pink) are labelled
and the segment of the Reindeer zone of interest to this research is highlighted by a red box

The THO in Saskatchewan and Manitoba comprises three diséigotents, including the

Cree Lakezone, the Superior Boundarpne, and the Reindeer zorféd. 32). The Cree Lake
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zone, and the Superior Boundamone, comprise reworked supracrustal rocks which
unconformably overly the Archean Churchill, and Superior provinces, respectively. These
reworked margins formed during rifting of the Manikewan Ocean where sedimentary rocks were
preserved within continentahargins (Ansdell, 2005). The Reindeer zone represents various
juvenile internides including (from west to east) the Wathaman, Rottenstone, La Ronge,
Kisseynew, Glennie, and Flin Flon domains. This 500 km wide zone consists of various
subductiorrelated roks which formed during closure of the Manikewan ocean (Ansdell, 2005;
Stauffer, 1984). These include primitive to evolved oceanic volcanic rocks, plutonic rocks, interarc
and successor arc rocks and margbadin sedimentary rocks. A minimum age of 1.92 G
(Ansdell, 2005) provides an age for initial closure of the Manikewan ocean and subsequent arc
subduction. The various internides of this zone all evolved separately, and comprise fragments of
older continental crust, bagkc basins, oceaniglateaus,and juvenile arc crust. It has been
suggested that the Manikewan Ocdwd similar characteristics to modeday southwestern

Pacific (Corrigan et al., 2009; Ansdell, 2005).
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The Flin FlonGlennie complex (FFGC) within the Reindeenecomprises various 1895
to 1870 Ma volcanic belts, sedimentary sequencesysiganic and postectonic plutonic rocks
(Morelli and MacLachlan, 2012;ucas et al., 1995:ig. 3-2, 3-3). A range of depositional settings
occur across the FFGC including juie arc, evolved arc, baclrc, and oceanic plateau
assemblages (Syme et al., 1998). The greenstone belts (e.g., Pine Lake, Brownell Lake in the
Glennie Domain) typically constitute arc or MORB/bak constituents. The volcanic
assemblages of the Gleerand FlinFlon domains were accreted between 1880 and 1865 Ma into

a single package (Ashton, 1999; Lucas et al.,, 1996) resulting in the Paleoproterozoic
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protocontinent referred to as the Flin F@Gitennie complexAshton, 1999 Lucas et al., 1997).
Subsegent subduction beneath this teeded to successor arc magmatism (1870835 Ma;

Syme et al., 1998) resulting in caltkaline to alkaline plutonism across the Reindeeme

(Morelli and MacLachlan, 2012). The development of successor sedimentary &asued with
siliciclastic sedimentation within and marginal to the Flin Fglennie complex between 1855

1840 Ma (Syme et al., 1998). The largest of these basins is now preserved as the Kisseynew
Domain, which either developed in a bak environmet(Ansdell et al., 1995) or along an active

continental margin (Zwanzig, 1997).

The metamorphic and deformational history of the Glennie domain is preserved as early tight
to isoclinal folds and layeparallel highstrain zones, termed the Bvent byLewry et al., (1990).
This event was initiated at ca. 1835 Ma during underthrusting of the Sask &érn2.5 Ga
rocks in Fig. 33) below Paleoproterozoic rocks of the Flin F@itennie complex (Ashton et al.,
2005). ¥y involved late to postollisional deformation (1800° 1770 Ma) resulting in north
trending folds and NHErending D folds. A series of subvertical strilghip faults €.g, Tabbernor
fault) were formed during Pwhich act as important structural corridors for hydrothermal fluids.
These defomational events also coincide with peak metamorphism (18194 Mg and
produced a range of metamorphic grades across the FlinGiomie complex due to the
variations in structural relief (Morelli and MacLachlan, 2012). An overview of these deforakti
events and associated structures, which are relevant for gold mineralization, will be discussed in

Chapter3.3.
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3.3  Geology of the Seabee Gold Operatiof5GO)

The SGO lies within the eastern portion of the Pine Lake greenstone belt of the Glennie
Domain(Fig. 33). Rocks in this area have been metamorphosed up to amphibolite facies (Wood,
2016; DelaneyandCutler, 1992)The remainder of this chapter will refer to protolith rock names
for simplicity sinceall rockshave beemetamorphosedelaney and Cutler (1998glineatedwo
groups of supracrustal assemblages (A % @&d a successioof overlying siliciclasticrocks

termed the Porky Lake Groupig. 34, 3-5).

The oldest assemblage (Assemblage A) at 1.B87 Ga, consists of maffelsic volcanic,
subvolcanic intrusive, volcaniclastic, and minor siliciclasocks (Delaney and Cugr, 1992
Chiarenzelli, 1989 The mafic volcanicocks are typically finegrained, dark green and consist of
dominantly hornblende and plagioclase and display textural heterogeneity. The intermediate
volcanic rocks are intercalated with mafic volcamicks and volcaniclastics and are identified by
mediumgrained plagioclase in a finer groundmass of qudrtanblende,and plagioclase
(Delaney., 1986). Felsic volcaniocks are rare, but are firgrained rocks comprised of quartz,
feldspar with minor biotiteVolcaniclasticrocks consist of both pyroclastics and epiclastics but
are difficult to distinguish at amphibolite grade metamorphic conditions. Other minor lithologies
in this assemblage include conglomerates, feldspar porphyry flows, pelitic sediments, feldspathic

arenitesand mica schists (Delaney, 1987).

The younger Assemblage B (~1840 Ma) comprises variably deformed rocks of mainly
volcaniclastics and sedimentancks of the Pine Lakergenstone be(DelaneyandCutler, 1992
Fig. 3-4). This unit comprises felsic volcaniclastics, hornblende volcaniclastics and sediments,

lapilli tuffs, chlorite-actinolite schists and a basal polymictic conglomerate. The congltendm
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at its thinnest to 70m at its thickest, lies at the contact with Assemblage A valeekéand
locally intercalates with a rhyolite dated as 1838 Ma2 (McNicoll, 1992). The felsic
volcaniclastics are fingrained and dominated by quartz, pladgse and minor biotite and

magnetite (Delaney and Cutler, 1992).

The Laonil Lake intrusive complex (1889 + 9 Ma) is the oldest pluton within this part of the
Glennie Domain and intrudes Assemblage A volcaoaks (Chiarenzelli, 1989%ig. 3-4). This
composite ultramafic to dioritic plutonic package consists of mostly gabbro and diorite, lesser
ultramafic rocks, and minor granodiorite, feldspar porphyry, intermediate and mafic dykes,
(Delaney, 1986). The gabbro is a medigmined and greegrey massive nit that typically forms
as sheets. The diorite is texturally variable ranging from medium to egaised and
compositionally variable. Predominantly, gabbro and digatds host the mineralization at the

Seabeanine.

The Eyahpaise Lakgluton (1859 +5 Ma) intrudes Assemblage A volcanmicks and the
Laonil Lake and Eisler intrusive complexésd. 3-4). This pluton consists ostly of a mediurm
grained, massive tonalite (Delaney, 1987). The Lizard Lake pluton (~1874% Ma; Wood,

2016) is a tonal@ unit exposed at surface mainly to the East Santoy deposit. It contains xenoliths
of the Assemblage A mafic volcanic indicating it pdates emplacement of these volcanic rocks
(Wood, 2016). Deformed, rusty quartz vein intersects the tonalite indicatmegalization post

dates emplacement of these unlise Packman Lake pluton (18877 Ma; Wood, 2016Fig. 3

4) is a quartz syenite unit that likely formed in a spflisional environment during peak

metamorphic conditions in the Glennie domain (Wo@&d,6).
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The Porky Lake Group is the youngest unit in the area and comprises a series of
arkose/arenites, wackes, conglomerates and biotitic sediments (DelaneyFiP884). The
arkose/arenite locally preserves crossbedding which denotes a youngiriprditedche south
(Delaney, 1986). Porky Lake siliciclastiocks are mainly exposed in the northwestern portion of
Figure3-4 in the core of the Ray Lake synform. The siliciclastic rocks of the Porky Lake group
unconformably overlie the Assemblage B volicaocks (Fig. 3-5) along a highly strained contact,
believed to represent a change in depositional environments (Lewry, 1977). It is thought this
unconformity may have acted as a conduit for mineralizing fluids during deformational events in

the GlennieDomain (Delaney and Cutler, 1992).
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The important structural feature to the Seabee Gold Operation is the Santoy shefigzone (
3-4), which exact extents are not well defined, but is believed to be at least 3.5 km long (Wood,
2016).Four deformational events can be observed in the Seabee Gold Opd@atimiuded two
folding events (Fand k) characterized by isoclinal recumbent folding and associated foliations
related to SWthrusting (Wood, 2016 D- resulted from convergence of the Hearne, Sask and
Superior provinces at about 1840 to 1800, Mhich corresponds to peak metamorphism in the
Glennie domainThis event refolded-folds which produced a composite:$oliation resulting
in an axial plana$; foliation. This S foliation is typically defined by hornblende and/or biotite in

most suites in the area, parallels bedding and dips modes&telyly to the NE (Wood, 2016).

During Dz (~1800- 1736 Ma Wood, 2019, F folds and the compositeyg2foliation were
refolded about a NNWrending axes, corresponding to the Tabbernor fault zone, which locally
produced type two and three interference patterns (Delaney and Cutler, 1992; Ramsey and Huber,
1987). k sheatHlike folds are WNWitrending and include the Ray Lake fold, Carruthers Lake
antiform and Carruthers Lake synform (Wood, 2016). They along with the Pine Lake greenstone
belt, warped around the competent Eyahphesiee pluton. The $folds have an $Saxial planar
cleavage typically defined by biotite (Wood, 2016). Aiheation is also locally preserved in these
Syafoliation surfaces as a penetrative mineral lineation defined by the alignment of amphibole and

biotite (Wood, 2016).

Dz is of economic significare as it is believed to be responsible for creating the
compressional jog ian early phase of th®antoy shear zone which created the space for gold
mineralizing fluids to precipitatd his jog was produced by dextra@verse oblique slip movement
along tle Santoy Shear zone. The Packman Lake pluton also had an important role as it acted as a

buttress around which the supracrustal rocks were warped (Wood, 2016).cAnilinear,
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stretching lineation has been noted to parallel {gigte ore in the Santoyad 8 East deposits
and tend to control the geometry of the folds (Wood, 2016; Helmsteadt, 198g. Auriferous

guartz veins are folded by Folds indicating vein emplacement occurred befare F

Evidence of I is not preserved in the Seabee Gold @pen, but regionally can be
recognized by Ffolds refolding k folds along upright, NESW trending fold axes resulting in
domeandbasin interference patterns (Lewry et al., 1990). Thesdolds preserve the i

lineations as weak crenulations overpngti, and Sy
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CHAPTER 4: FISHER PROPERTY LITHOLOGIES

The Fisher property of the Seabee Gold Operation is hosted within Paleoproterozoic rocks
of the Glennie Domain. The supracrustal rocks exposed across the Fisher property comprise
volcanicrocks of intermediate to mafic compositions, various metasedimentary rocks and felsic
mafic dykes which intersect these units. As previously mentioned, amphibolite grade metamorphic
conditions affected this aremnd were accompanied by subsequent alteratiah deformation
related to the development of the Sardogarzone which runs NS through the Fisher property
(shown by black dotted linéfig. 41). The most common lithologies observed at the Fisher
Property consist of mafic volcanic, intermediate voilcanmixed volcaniclastic, and
metasedimentary rocks with lesser granites and diorites. Other rock types encountered across the

Fisher property include felsic volcanic, quartz dioatelgabbrac rocks and various schists.

The various supracrustal volganvolcaniclastic and metasedimentary rocks across the
Fisher property (shown by shades of graed yellow Fig. 41) are attributed to Assemblage A,
discussed further in Chapt8r The metavolcanic and metasedimentary rocks of Assemblage A
broadly trendN-S through the Fisher property and dip steeplyd@e ) t o t he east.
rocks are the oldest rocks (1.84.87 Ga) in the Fisher property. On the west side of the Fisher
property the Eislernntrusivecomplex (shown in purplésig. 41) intrudes Assemblage A volcanic
rocks. The Eisleintrusive complex comprises gabbro, quartz gabbro, pegmatitic gabbro, diorite,
pyroxenite and tonaliteocks(Witvoet, 2019). Eisler units trend similarly to Assemblage A rocks
with near vertical dips. The Uskikanodiorite (shown in magentaig. 4-1) trends NS on the far
east edge of the Fisher focus area, and the Central Granodiorite (shown infeigargE); pinches
out at the surface on the far north of the Fisher property focus area where it intertectcan@c

rocks of Assemblage A. Various intrusivecks can be found across the propeatyd their sharp
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and concordantontacts with supracrustal rocks aided in their identificatidre driginof these

unitscan only be speculated until age datingfirars their temporal relationship to surrounding

rocks.
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4.1  Description of Rock Units

Samples used for this chapter were intended to represemalesed host rocks to
mineralization. The specific samples chosen were based on descriptions and rock names suggested
by SSR Mining Inc. logging geologists. However, some of the rock names mentioned in Chapter
4.1 have been reclassified based on geootemanalysis discussed in Chap#f. The

overprinting alteration will be discussed further in Chafter

One of the thickest (up to 1km) units at the Fisher property is the Fisher mafic vokignic (
4-1) which also holds economic significance due saagsociation with gold mineralizatiobhis
unit typically occurs with intermediate volcammcks along concordant and gradational contacts.
In hand sample, mafic volcaniocks are finegrained and medium to dark grey/green in colour
(Fig. 4-2a). They are characterized by plagioclase (3006), significant hornblende (20%),
minor biotite and/or chlorite (85%), quartz (~125%), and sulphideninerak (0-5%). This
predominance of hornblende rather than actinokig.(4-2e), is typical of bastd that have
undergone lower amphibolite facies metamorph(iSpear, 1993)T'he main fabric associated with
D. pre-dates gold mineralization and is typically defined by biotite, chlorite and in some cases
amphiboles, which becomes increasingly deformedh witoximity to the Santoy shear zone.
Accessory minerals in this unit include alkali feldspars, apatite, epidote, clinozoisite and titanite.

Minor secondary minerals such as sericite and disseminated suipihiei&ak are also observed.

A pyroxenebearingmafic volcanic is differentiated from mafic volcamacks based on
macroscopic observations of granular relict pyroxeresg 4-2d) which have been replaced by

hornblendeKig. 4-2h) or secondary chlorite. The unit is locally welposed at surface aedn
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occur up to 250m thick. The unit comprises 6806 relict clinopyroxene phenocrysts in a

groundmass of fingrained plagioclase (~30%), and biotite/chlorite (~10%).

The intermediate volcaniocks are weHexposed at surface on the Fisher propertyoaedr
as thick packages (up to 250m) typically in contact with mafic volcacks at surfac€Fig. 41)
and with depth Hand samples are firgrained with a medium grey colouFi§. 4-2b). The
intermediate volcanic can be subdivided into two units basegeochemical variations; further
discusses in Chaptdr2. Observations from thin section identified variations in hornblefige (
4-2e) and quartz content between the two units (Andédsited Andesit®). However, no distinct
macroscopic identifiersave been noted. Intermediate volcawicks comprise lesser hornblende
and plagioclase than the basalt unit, but both exhibit local biotite defining foli&igna¢2f).
Generally, the intermediate volcamacks contain 2840% quartz, 1€80% plagioclae, 525%
hornblende, and-35% biotite and/or chlorite. Accessory minerals are present locally including
epidote, titanite, magnetite, diopside, and various sulptmiterak. Myrmekitic textures were

locally preserved.

The felsic volcanic unit is a thipackage (< 5m) relative to the other volcamicks and is
not visible at the map scale #igure 4-1. Overall, the unit does notokt significant gold
mineralization orexhibit strongalteration, thus minimal samples were collected. The felsic
volcanic is a leucocratic, fingrained unit Fig. 4-2c) with a groundmass dominated by quartz
minimal biotite defining foliation (Figd-2g) andminorto no hornblende grains. It comprise$ 30
60% quartz, 1680% plagioclase5-10% alkali feldspars-10% muscovite and/or biotite, and O
5% hornblende. There is also minorfédspar and sericitalteration,but no trace sulphide

minerab were identified.
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Figure4-2 Typical mineral assemblages for representative unaltered extrusiveA)riise-grained dark
green and moderately strained mafic volcanic with moderate chlorite and biotite alteCa#@01958
135.5m). B) Intermediate volcanic with minor silicificati and sericitgyrite veinlets CO-201957,
108.35m). C) Very fingrained felsic volcanic exhibiting strai€(-201920, 673.5m).D) A medium
grained dark green clinopyroxene mafic volcanic where granular relict clinopyroxenes have been r
by hornilende (FIS18-024; 101.3m). E) Least altered mafic volcanic with coarse hornble
porphyroblasts in a groundmass of fhggained quartz and plagioclase (2019123; outcrop). F) Biotite
defining foliation in a weakly strained Andesitevith hornblendgorphyroblasts (C€201911; 157.3 m).
G) A fine-grained felsic volcanic with minor biotite along foliation planes {£920; 673.6 m). H)
Coarsegr ai ned Aclinopyroxene mafic volcanico wi
plagioclase ad lesser quartz (GQ01936; 78.1m).

The volcaniclastic unitsary in width across the Fisher property. They occur as a mixed
package with sedimentary units occurring up to ~500m thick or satalplcaniclastics up to
~250m Fig. 41). These units arg/pically distinguished based on macroscopic text(lvsedding
planespresence of clastg)hich differentiate them from other extrusive rackisis unit is dacitie
andesitic in composition andcludestuffs. The tuffs are very fingrained with a groundnsa
dominated by quartz with minor plagioclase and has biotite and muscovite defining the foliation
(Fig. 4-3c). The mineral assemblage includes5f quartz, 1€85% plagioclase,-20% alkali

feldspars, 1£20% biotite and/or muscovite.

Varioussedimentary packages are exposed on the Fisher property and typically occur within
the mixed volcaniclastic packaf@fég. 41). Currently, hese include a conglomerategraywacke,
and a sandstone unit. These units, especially the conglomerate, afeedienthe field based on
textural and grain size observations at the macroscopic levetohglomerateomprises felsic
to intermediate in composition clased can occuiinterbedded with mafic volcanic or
sedimerdry rocksof felsic compositionThegroundmass has a felsiomposition of dominantly
guartzwith andesitic to rhyoliticpebblesized clasts. Trace garnets have also been identified in

this unit. The sandstone unit is fine to very fgrained with very little to no micas present. The
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unit comprises ~ 500% quartz, 210% plagioclase, and ~5% muscovite (EBigd). The wacke

is fine-grained and of intermediate composition with a groundmass of quartz and plagioclase and
biotite altering to chlorite locally along foliation planes (FeBe). Throughout the remainder of

this paper, these units wildl be collectively

representative samples were collected.
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Figure4-3 A) A fine-grained metasedimentary rock with minor pyrrhotite and chlorite alteratiorl@I<
035; 107.8m). B) A leucocratic very firgrained metasedimentary rock (F18-017; 409.1m). C) Very
fine-grained dacitic ash tuff ith minor biotite and muscovite (C2019117; surface). D) A fingrained
sedimentary rock with a groundmass of dominantly quartzZG{®17; 409.2 m). E) Metamorphose
wacke with biotite along foliation planes and minor sericitization of feldspar2@@®56A; 107.8 m).
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The graniteunjt ref erred to as nFi44lypically GBtrudesthel i or i t
mafic volcanic unit, and is exposed on surfac
this researchin hand sample, granites are ligineywith a pink tingeand black flecks (Figi-4a).

The rock is roughly equigranular and coagsained with a quartdominated groundmass and

minor biotite and muscovite (Figl-5a). The mineral assemblage includes approximatel$3%
quartz,20-30%alkali feldspars, 120 % plagioclase, 515 % muscovite and/or biotite atéce
sulphides. Accessory minerals include apatiteon, ancorthopyroxe®. The unit exhibits minor

to moderate sericitization of feldspars. Foliation fabrics are notpredeved in the unit, but

grains are locally elongated where shear zones intersect. Pyrite is a common disseminated sulphide

in this unit.

The diorite ref erred to as B@-Fissahbndthati Geomimonlyg s i n  Fi
logged as a gabbro unithe nelanocratic appearanobdserved in core samples (Hg4c) makes
identification difficult. The rock is finergrained relative to the granite and granodiorite units with
a groundmass of relatively equal quartz to plagioclase and larger crystals of haeiie2mm;

Fig.4-5c). It comprises 185% quartz, 2810% plagioclase,-25% hornblende, and 5% biotite
and/or chlorite. Zircon, titanite and calcite are accessory within this unit and trace pyrrhotite is

common.

Thequartz dioritds a lesscommonunit, and its surface extents are currently nmkn. The
unit can ke difficult to distinguish from graniggn the field However in hand sample the unit has
a distinct salt and pepper appearance @#yl), whilein thin sectionmorehornblende and biotite
are notedFig. 4-5b). This unit is coarsgrained and equigranular with polygonal quartz similar

to the granite. It is chacterized by plagioclas(-40%), quartz 20-40%), biotite and/or chlorite
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(5-15%), and hornblende {B0%). Accessory minerals include titanite and zircon and overall has

minor sericitization of feldspars.

Theextent of thegabbro unithroughthe Fisherpropertyis currently unknown since many
selected samples had a dioritic compositidand samples are mainly black with white specks
throughout (Fig4-4c). The unit does not show any clear relationships with sulphiderak and
gold grades. It is coaegyrained with large crystals of hornblend Gmn) in a finer groundmass
of quartz and plagioclase. Locally, large relict plagioclase grains are moderately sericitized with
twinning still preserved (Figd-5d). The unit has 1:20% quartz, 285% plagiochse, 1630%
hornblende and ~10% biotite/chlorite. Accessory minerals such as epidote, titanite and magnetite

occur as well as minor sericite and tremolite.

The pyroxenite unit is not very common throughoutRisherpropertyand occurs as-50m
thick pakages Fig. 4-1). Coarsegrained relict pyroxenes have been replaced by hornblende and
ilmenite exsolutions are commonly observed (Fge). The unit has a finer groundmass of

mainly cummingtonite and lesser plagioclase and quartz.
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Figure4-4 Typical mineral assemblages for various unaltered intrusive shites.medium to coarse
grained granite with a weak fabric defined by biotite (E8021, 249.5m)B) A mediumgrained least
altered diorite (FIS19-030, 136.6m). C) A coarsegrained mearocratic gabbrdFIS-18-017; 720m) D)

Coarsegrained quartz diorite with a specklagpearance (Ft$8-001; 244.6m).
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Figure 4-5 A) A granite dominated by coargeained quartz and finer plagioclase exhibiting minor
sericitization (CG201948; 249.1 m)B) Coarsegrained quartz diorite with minor deformation of
hornblende porphyroblasts (€ZD1908, 392.5 m)C) Diorite unit with a fner groundmass of quartz and
plagioclase and hornblende porphyroblasts @Q0@381B; 56 m).D) A gabbro with sericitized coarse
grains of plagioclase in a finer groundmass of quartz2008-31; 60.8 m)E) Hornblende porphyroblasts
with ilmenite exsolutios in a groundmass of cummingtonite and plagioclaseZ@I3-33; 191.1m).

4.2  Lithogeochemistry

When classifying rocks which have undergone alteration and/or metamorphism it is
important to differentiate units using conserved elements. Consaleradnts are those which are
not actively involved in material transfer processes, and thus stay relatively constant or immobile
as rocks undergo chemical procesdegHolls, 1988. All elements were plotted in bivariate
Harker diagrams to assess theitaiity (Fig. 4-6). At the Fisher property, most high field strength
elements (HFSESs) and rare earth elements (REES) exhibit conserved ddehsnmbr(Fig. 4-6)
and are acceptable to use for interpreting magmatic affindiesonium and titanium were
identified as conserved elementghile also displaying variations due to host rock chemical
compositions andvere used to classify the host rocks of the Fisher depbsi¢é approach
identified five intrusive suites: a gabbro, pyroxenite, dioqieartz dorite and granite unitFig.
4-7a). At least four extrusive units including basdlinafic volcanicrocks from Ch3.1), two
andesite unit§intermediate volcanioocks from Ch.3.1and rhyolies(felsic volcanicrocks from

Ch.3.1) were identified (Figl-7a).

The basalts were further discriminated into High Cr BasghtCrB) and Low Cr Basalts
(LCrB) based on their respective chromium content. HCrB are those with greater than 60ppm Cr,
while LCrB are those with less than 60ppm Gedimentary and volcaniclastic units were
identifiedusing a combination of hand sampl&d thin section observations and are also shown in

selected classification diagrams (Fir.7a,b,c) A conserved element classification diagram
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(Pearce, 1996) using Zr/Ti and Nb/Y ratios (HMgrb) also agrees with the bivariate Zr vs Ti
classificationdiagram When compared to classification diagrams using major elenfents
volcanic rock classification (Figl-7c) and plutonic rock classification (Fidr7d), similarities are
observedlt is important to note that the discrepancies in host rock cleetstih between figures
4-7c and 4-7d are likely due to effects of metamorphism and/or alterati@@ochemical

characteristics of rock units identified by Figdr&a will be discussed below.

Ce
La
Ta
Th
Ti

Tb

Yb
Zr

Nb

Ce La Ta Th Ti Tb Y Yb Zr Nb

Figure4-6 Scdterplot matrix of selected conserved elemamtdCrB and LCrB (n=36)Probability plots
are shown along the diagonal and show the shape of the distribution of the unit.
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Figure4-7 Various trace element (A,B) and major element (C,D) plots for classifying igneous rock f
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Table4-1 Average chemical compositionslefstalteredFisher host rocks.

Lithology HCB LCtB AND-1 AND-2 Ehy VCLST PYRX GAB DIO GRNT QD
# of samples 3 4 4 2 2 3 3 4 3 4 2
Detection Limit
510, (%a) 0.10% 51.85 54.03 58.40 61.90 7390 68.47 48.00 50.53 5847 73.95 62.00
Ti0, (%a) 0.01% 1.06 1.05 0.59 0.53 0.27 039 0.66 1.33 1.07 013 0.50
ALO3 (%a) 0.01% 16.03 17.28 15.40 16.85 1390 13.87 11.90 15.28 1577 13.88 1645
Fe 05 (%a) 0.01% 1123 10.95 791 6.35 217 6.09 12.50 12.09 a.m 233 5.61
MnO (%a) 0.01% 0.16 0.16 0.12 0.00 0.03 0.11 0.18 0.15 0.13 003 0.09
MgO (%a) 0.01% 5.46 333 4.15 225 0.62 0.89 1323 6.13 24 024 2.
Ca0 (%a) 0.01% 8.4 754 7122 442 1.91 223 10.10 9.36 5.62 1.62 523
Na,0 (%a) 0.01% 3.06 349 330 327 3.0 312 1.67 3.08 3.14 481 4.02
K0 (%a) 0.01% 1.19 096 1.76 257 2.56 330 0.67 0.50 2.8 1.62 2.00
PO, (%a) 0.01% 0.20 031 0.10 0.12 0.03 0.08 0.09 023 042 0.02 0.14
LOI (%a) 0.10% 0.91 075 1.20 1.35 0.85 1.07 1.23 1.15 1.17 1.08 0.70
Ba (ppm) 1 ppm 348 414 686 1076 1025 854 169 146 725 357 700
Be (ppmy 0.1 ppm 16 93 84 42 103 1.6 79 8.1 105 10.6 84
Cs (ppmy 0.1 ppm 27 4.9 3.0 28 25 0.9 33 1.2 0.7 0.6 19
Ga (ppmy 0.1 ppm 16.7 15.6 153 17.0 15.6 173 11.5 17.0 164 154 182
Ge (ppmy 0.1 ppm 03 0.1 1.2 0.9 12 0.4 1.4 1.2 0.1 0.1 1.0
Hf (ppmy 0.1 ppm 21 25 24 38 6.4 45 1.0 25 46 6.9 33
Nb (ppm) 1 ppm 5 11 3 5 12 3 2 3 10 15 g
Rb (ppmy 0.1 ppm 26.6 236 36.4 64.1 339 502 30.0 8.7 339 30.2 0.8
Ta (ppm) 0.0l ppm 0.27 032 045 0.51 1.12 036 0.31 0.36 0.40 095 0.81
Th (ppm) 0.0l ppm 3.26 238 349 5.05 1125 8§21 389 1.00 1.98 6.78 7.35
U (ppm) 0.0l ppm 3.66 225 270 244 3.97 1.84 795 0.86 1.96 325 2138
Sr (ppm) 1 ppm 369 380 396 139 149 133 308 427 252 142 580
Zr (ppm) 2 ppm 78 94 &4 142 231 158 35 99 150 210 126
Ag (ppmy 0.1 ppm 1.0 0.4 1.2 0.4 0.7 <0.1 1.4 0.8 04 0.5 24
As (ppmy 0.1 ppm 24 27 27 1.1 54 0.1 1.4 4.7 29 44 26
Bi (ppmy 0.1 ppm 09 0.1 0.2 0.2 0.1 <0.1 0.3 0.1 0.1 0.1 03
Mo (ppmy 0.1 ppm 18 22 24 0.8 21 0.8 1.9 1.6 31 27 1.5
S (pm) lppm 2 3 1 1 3 <1 1 2 4 4 2
Sn (ppmy 0.1 ppm 21 14 35 0.7 22 0.4 1.4 1.6 14 24 28
Pb (ppmy)  0.02 ppm 848 444 595 1.57 533 739 4.76 4.29 4.12 637 10.62
W (ppm)  lppm 6 2 11 10 3 2 7 2 2 1 14
Co (ppmy 0.1 ppm 342 30.4 45 241 38 38 64.1 39.6 182 31 174
Cr (ppm) 2 ppm 137 23 119 20 9 12 808 170 g 26 108
Ni (ppm) 1 ppm 71 15 34 9 g 2 279 78 15 12 38
v (ppm) 2 ppm 242 214 155 73 16 22 236 256 126 31 86
Cu (ppmy 0.1 ppm 62.1 63.3 323 25209 322 10.0 2.4 68.5 4717 213 143
Zn (ppm) 1 ppm 118 129 96 81 48 81 120 111 a5 52 102
Ce (ppm) 1 ppm 30 33 31 48 96 35 14 23 43 74 51
Dv (ppm) 0.0l ppm 4.00 474 3.06 4.15 6.83 7.11 224 4.22 6.42 7.19 245
Er (ppm) 0.0l ppm 2233 276 1.39 2.76 348 5.18 1.19 2.16 34 478 1.09
Eu (ppm) 0.0l ppm 1.16 155 1.15 1.14 1.60 138 0.74 1.28 1.69 132 1.16
Gd (ppm) 0.0l ppm 3.62 435 287 4.04 6.71 5.81 1.83 340 6.82 734 27
Ho (ppm) 0.0l ppm 0.85 1.15 0.67 0.92 1.47 1.61 0.51 0.93 142 1.75 0.47
La (ppm) 1 ppm 15 18 14 23 48 26 5 10 24 38 26
Lu (ppm) 0.0l ppm 0.37 044 032 0.58 0.68 082 022 0.42 0.59 0.84 0.24
Nd (ppmy 0.1 ppm 18.1 20.1 153 231 420 30.1 8.0 13.8 26.8 36.9 201
Pr (ppm) 0.0l ppm 4.12 440 4.03 6.08 11.84 742 1.92 337 6.11 a.09 6.07
Sc (ppm) 2 ppm 27 26 20 16 5 13 35 29 16 4 11
Sm (ppm) 0.0l ppm 3.88 420 328 4.67 8.30 636 1.74 344 5.80 735 352
Tb (ppm) 0.0l ppm 0.53 038 045 0.59 0.97 095 0.34 0.68 0.81 096 0.38
Tm (ppm) 0.0l ppm 0.38 048 0.27 0.44 0.57 0.81 0.20 0.35 0.60 0.87 022
Y (ppmy  0.01ppm| 2244 2713 18.23 28.00 3905 42.73 13.87 2543 35.10 45.15 13.64
Tb (ppm) 0.0l ppm 249 322 1.67 332 4.14 5.68 1.30 243 4.19 591 1.30

TheaverageHCrB unit ischaracterized b$2 wt.% SiO,, 11.2wt.% FeOs, 5.5wt.% MgO
and8.6 wt.% CaO(Table 41). The averagel CrB is characterized b$4 wt.% SiQ, 11 wt.%

FeOs, 3.3wt.% MgO and7.5wt.% CaO(Table 41). Samples with a GCLR value of more than

45



0.82 were assigned to HCrB and those with fleras 0.82 were assigned to LCrB (Hg8a). The

average Cr content in HCrB (137 ppirable 41) and LCrB (23 ppmTable 41), relative to170

ppmin an average basalt (Price, 1997) suggests these samples are relatively deplet®dtin Cr.

units share fatively similarextended trace elemevariation diagrams with negative anomalies

in Nb and Tj and enrichments in LREEslative to HREEgFig. 4-8b). Specifically, LCrB are

more enriched in Y, Yb, and Tb relative to HCrB (Figo4 The characteristioegative Nb and

Ti anomalies and the location of HCrB and LCrB in Fig&8e indicate an arc environment.

When discriminating magmatic affinities using
LCrB are enriched in Fe relative to HCrB dmalve a mor¢holeiitic affinity, whereasHCrB have

a morecalcalkalineaffinity (Fig. 4-8c). However, when using ReandBd ar d 6s cl assi f
diagram, the distinctiom Th/Yb valuess not as defined (Figl-8d). The average HCrB is also

enriched in Pb relative to LCrB and other Fisher host rocks (Tab)e 4
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The averagéndesitel (AND-1) is characterized b$8 wt.% SiQG, 7.9 wt.% FeOs, 4.2
wt.% MgO, 7.2wt.% CaO and.3wt.% NaO (Table 41). Andesite2 (AND-2) is characterized
by 61.9wt.% SiOp, 6.4wWt.% FeOs, 2.3wt.% MgO,4.4wt.% CaO andB.3wt.% NaO (Table 4
1). Andesitel and Andesit® havecalcalkaline Th/Yb values(Fig. 4-9a,b) and have arace
elemensignature typical of arc environments (Felc). Andesite2 is enriched iLREEsrelative
to Andesitel (Fig. 4-9d), indicating a more felsic compositioAndesite2 is especially enriched

in Zr, Hf, Ce, La,Y, Thand Nb relativéo Andesitel (Table 41).

Theaveragehyolite (Rhy)is characterized by4wt.% SiQ, 2.2wt.% FeOs, 1.9wt.% CaO
and3.9wt.% N&O (Table 41). Theaverage wvlcaniclastiqQVCLST) is characterized b§9 wt.%
SiOp, 6.1 Wt.% FeOs, 2.2wt.% CaO and3.1wt.% NaO (Table 41). The rhyolite has a calc
alkaline affinity, while volcaniclastics have a transitional to -@dkaline affinity (Fig.4-9a,b).
Rhyolites exhibit strong enrichmentstrace elementg=ig. 4-9c) and have slightly steepeREE

trends (Fig4-9d) relative to all volcanicocks.

The averagepyroxenite(PYRX) is characterized by 48t.% SiQ, 12.5wt.% FeOs, 13.2
wt.% MgO and10.1wt.% CaO(Table 41). The average gbbro(GAB) is characterized b1
wt.% SIQp, 12.1wt.% FeOs, 6.1wt.% MgO and9.4wt.% CaO(Table 41). Fisher gabbroocks
and pyroxenites also have tholeiitw transitional Th/Yb values(Fig. 4-9a,b). Pyroxenite and
gabbrorocks are enriched in Ni, Cr, Co, and Cu and depleted in Zr, Th, TBidPtLu, La, ad

Ce.

Theaveragadiorite (DIO) is characterized by®wt.% SiQ, 9.0wt.% FeOs, 2.2wt.% MgO,
5.6 wt.% CaOand3.1wt.% N&O (Table 41). Theaveragegranite(GRNT) is characterized by

74Wt.% SiQy, 2.5wt.% FeOs, 1.6wt.% CaO andt.8wt.% NaO (Table 41). The average quartz
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diorite (QD) is characterized by 62 wt. % SiG.6wt.% FeOs, 5.2wt.% CaO andl.0 wt.% NaO

(Table 41). Diorites quartz diorites angranites have a transitional to cal&aline signature (Fig.

4-9a,b).
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Figure4-9 A) Fisher rocks plotted on a Th/Yb vs. Zr/Y diagram for discrimination of magmatic affinities
from Ross and Bédard (2009). B) Jensen Cation Plot for classification of subalkaline walcksizshg
cations of Fesota, Al and Mg (Jensen, 1976F) Representative volcanic rocks normalized to primitive
mantle (from Sun and Maimough, 1989)Line represents average of all leaiered samples for the
corresponding uniD) Representative volcanic rocks normalized to chondrite (from McDonough and
Sun, 1995). Line represents average of all {alisted samples for the corresponding unit.
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CHAPTER 5: MINERAL CHEMISTRY

Unaltered and altered rocks were selected lxteon microprobe angdis (EMPA) Least
altered samplesvere analyzed with the intent of gathering additional information on the
mineralogy of leasaltered sampleto provide areference for altered sampldgnderstanding
chemical variations of minerals associated with dit@nan orogenic gold deposits has been well
studied (Dubosq et al., 2019, Gaillard et al., 2018; Lawley et al., 2015). Identification of phases
related to mineralization versus those related to metamorphism is difficult at a macroscopic level,
especiallyin amphibolite facies metamorphosed rocks. Thus, characterizing the variatibns

microprobe analysisan provide additional insights.

Fisher Host Rocks

Leastaltered samples analyzed included an Ande&si{f€0-201919), an altered HCrB
(CO-201928A2), apyroxenite (CQ201933) and an unaltered HCrB (CZD1934). Minerals of
interest in these samples were hornblende, chlorite, titanite and plagioclase (Apperidie C).
composition of amphiboles analyzed varies depending on the host rock, but forghearo
magnesiohornblende is the dominant amphibole at the Fisher property across all rock types
analyzed (Fig5-1b; Hawthorne et al., 2012eake, 199Y. Edenite is locally present in HCrB and
Andesite2 (Fig. 5-1a). Cummingtonite was alsdentified occurring in the groundmass of the
pyroxenite unit (Fig4-5e). Plagioclase is commonly a@iholigoclaseandesine composition (Fig.
5-1c), and chlorites are ofg-Fecomposition between clinochlore to chamosite (5idgid). The
altered HCrB sbwed a distinct chemical phase of biotite occurring closer to the chamosite end

member (Fig5-1d), suggesting this could be a phase related to the alteration.
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Figure 5-1 Classification diagrams of various pa#teration minerals from samples using elec
microprobe analysis. A) Calcic amphibole classification diagram with parameters from (LeakeCE
> 1.50; (Na+K) > 0.50, Ti < 0.50 . B) Mg~e-Mn-Li amphibole classification diagram with parame
from (Leake, 199Y% (Ca > 1.50; (Nat+K) < 0.50), Ca < 0.50. C) Ternary classification diagram
feldspars. An = anorthite, Ab = albite, Or = orthoclase. D) (AM@)}Fe compositional classificatic
diagram of chlorites from the Fisher property (according to Zane and Weiss, 1998).
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Fisher Alteration Assemblage

Microprobe analysis was also completed on six highly altered samples indwdittCrB
(CO-201955; CO201993A), a LCrB (C0O-201961), a granite(C0O-201948), a diorite (CO-
201981) and a metasedimentary rofRO-2019-69). Variations in nineral phases wersoted
during thin section investigation and warranted further investigation to determine if chemical

change<orresponded with variations petrographic attributes such pleochroism, grain size,

crystal form and association/occurrend#éi ner al Atypeso were assighn
context I n host rocks, i ncl udi ngh; ¥ HoRobuiousr e f er 1
association, or 2) defining a foliation not b
mi ner al phases which is believed to be part

identified in quartz veinshese phasesilvbe described in detail belowith reference to biotite,

chlorite, titanite, calcite and epidote.

Biotite:

Biotite (B) showed the greategphase variations (Tablé&-1) during thin section
investigations(Fig. 5-2a,b,c). HRB phases were samplelistal to quartz veins and alteration
haloes and were assumed to be a metamorphic fabric. HB were sampled within alteration haloes
of quartz veins and typically occurred with chlorite, titanite, hornblende, and epidote. VB were
those sampled from within quz veins or within sulphide mineral veifiable 51). The chemical
compositios of biotite phases, however, did not correspond with the phase variatdmsn
plotted on the Mgss. AlV'+Fe*+Ti vs. F&* +Mn ternary classification diagram (Foster, 1960),
most biotite phases plot in tliEerrous Biotiteé space (Fig5-3a). The ratio of Fe/(Fe+Mg) in

biotite phases ranges between 0.488676and tetrahedral aluminum varies between 0.226
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This further confirms that biotite phases are ferrous anthanaly of annite composition (Fi&-
3b). Biotites analyzed from the metasedimentary sample are of a phlogopite compositién (Fig.
3b). Minor variations in biotite chemistry do exist but appear to reflect host rock compositions

rather than changes assaedwith alteration or veining.

Figure5-2 PPL photomicrograph images of various biotite phases..Aldhg a pyrite vein margin in a
granite (CG201948; 249m FOV: 1.8mn). B) B: along a quartz vein in a HCrB (CEZD1955; 107.45m
FOV: 4.5mn). C) Bz in a pyrite veinn a HCrB(CO-201955; 107.45m FOV: 4.5mn).

Table5-1 Descriptions of phaseariationsof bi oti te (B) where H@AHO
host rock.

Phase| Pleochroism| Grain Size Crystal Association/ Biotite
Form Occurrence ATypeo
along pyriteor
L ) guartzvein
B, deep red finei very an marginsor in HB
brown coarse euhedral
sheared quartz
veins
B> deep rea medium sub defines foliation HRB
brown euhedral
Bs brown medium to euhedral vein-hosted VB
coarse
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Chlorite & Titanite:

Chlorite (C) showed similar mineral phase variations to biotite (T&bR during thin

6

section investigations (Figh-4c) and particularly were of interest due to its occurrence along

sulphide boundaries and interstices (Fgla,b). Two types of HC were identifiteand either

occurred along quartz vein margins with biotite, titanite, hornblende or occurred along shear zones,

typically with sericite. VC was observed in quartz vein margins within the interstices of sulphide

minerals (Table ). The chemical compositns of chlorite phases analyzed, had a distinct

correspondence with phase variations. Vein chlomtese of a chamosite eandember chlorite
composition (Fig5-5a), which further supports findings from Fi§-1d. Halo chlorites tend to

occur as an F#&lg chlorite but show a progression from the host rock chlorites §1g). This

boundaryisnotaswetl e f i ned

The variations in titanit€T; Table5-2) showed less variation in thgection (Fig5-4c,d,e)

but the association of coargeained (Fig5-4e) and locally euhedral titanite (Figt.3b) associated
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with alteration haloes was of interddRT were typically anhedral and deformed along foliations,
while HT typically occur withm alteration haloes in association with biotite and chlorite. The
subhedral crystal form likely suggests these titanites were recrystallized primary titanites. VT were
not common, but when noted, had a distinct euhedral shape suggesting they had h@taiquteci
from hydrothermal fluids (Table-8). Very minor variations were identified, such as increases in

Ca in vein titanites, but did not prove to be a robust approach to differentiation ti{&igtes

5b).
Table5-2Descri ptions of variations in phases of
AVo = vein, AHRO = host rock.
Phase| Pleochroism| Grain Size Crystal Association/ Mineral
Form Occurrence Type
very fine- interstices of
C green fine anhedral oyrite VC
C green medium- stbhedral along quartz vein HC
very coarse margin
c reen fine - an- shear/fracture HC
3 9 medium subhedral controlled
associated with
T1 dirty sand medium subhedral chlorite and HT
biotite alteration
. . sub- hosted in quartz
T2 dirty sand medium euhedral vein VT
. : an- not associated
T3 dirty sand medium subhedral with veins HRT
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Figure5-4 A) BSE imagd interstitialC: in pyrite grainsalong the margin of a quartz vein in a HCrB
(CO-201955; 107.45m)B) BSE image C; along the margins of pyrite grain in a HC(B80-201955;
107.45m)C) PPL- Czin an alteratn halo with & and biotite in an altered diori{f€0-201981B; 55.9m
FOV: 4.5mn) D) PPL- Tz with ilmenite core defining foliation i LCrB (CO-201961; 139.1m FOV:
4.5mn) E) PPL- T1in a LCrB in an alteration hal@C0O-201961; 139.1mFOV: 4.5mn).
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represents haitype chlorites. B) Bivariate diagram plotgiiCa vs. (Al + Fedf titanite analyses
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Calcite & Epidote:

Variations in calcite Cal; Table5-3) were notedduring thin sectioranalysisand included
late stagsof calcite(Fig. 6-5e), large calcite veins (Fig-6a) and calcite occurring in association
with pyrite grains (Fig5-6b,c). HRCal was typically anhedral calcite occurring within interstices
of various host rock minerals. The HCal commonly occurred within interstices of sulphide
minerals or, lessommonly, wthin alteration haloes. VCal was a phase of late eca#iing calcite
veins(Table 53). Minimal calcite was observed within quartz veins, but these were not analyzed.
No obvious chemical variations were identified apart from calcite occurring in miehesgary
rocks which was slightly higher in Fe and Mg (Fig-7b). Epidote(E) was noted to occur as a
clinozoisitequartz symplectite (Figs-6¢), as euhedral clinozoisite (Fi§-5h) and as euhedral
epidote (Fig.6-3c). These phases were always foundaissociation with alteration haloes
surrounding quartz veins suggesting a hydrothermal origin, rather than a primary or metamorphic
origin. Clinozoisite typically occurred in association with plagioclase, muscovite and actinolite.
Microprobe analysis wagainly used to confirm the presence of clinoizeias opposed to epidote,
which was confirmed (Figh-7a). No other major chemical variations to distinguish these phases

were observed.
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Vo

Table5-3.

Descriptions of

variations

in phases

= vein, AHRO = host rock.
Phase| Pleochroism| Grain Size | Crystal Association/ Mineral
Form Occurrence Type
interstices of
Cah clear fine - coarse| subhedral | pyrite, or along HCal
QV margins
fine - anhedral | late crosscutting
Cab clear _ _ VCal
medium subhedral veins
) sub- no association
Cak clear medium _ . HRCal
euhedral with veins/alt
clear- fine - symplectite
E1 _ anhedral HE
yellow medium texture
fine - anhedral no distinct
E2 clear _ o HE
medium euhedral association
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Figure5-6 A) BSE image of Calwith pyrite occurring on calcite vein margin in a metasedimentary r
(C0O-201969; 316.1m)B) BSE image of Calalong a quartz vein margin in a metasedimentary rock ((
201969; 316.1m). ¢BSE image of a Caln pyrite interstices of a HCrB (C201955; 107.45m).
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Piemantite LCrB-1
LCrB-2
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Figure5-7A) Mn vs. Al vs. Fe ternary diagram for <cl as:

sympl ectite text uisympleatitedextire 8) Ca esf Mgrvs. Fetternarm diagram for
classification of carbonate minerals with all sampledtiplg as calcite.

In summary, veirchlorite has a distinct chemical signature-(fel; chamositejvhich may
be useful in identifying proximity to mineralized veingariations observed in biotite in thin
section did not correspond to any accompanying chemical chartyasghothermineral des
not have distinct chemical variations, ith@esence (based on associations with sulpghiderak)

is still a useful indicapn of alteration haloes.
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CHAPTER 6: HYDROTHERMAL ALTERATION

Alteration haloesin the Fisherproperty are typically narrow (~50 cm) cryptic and
mineralogically variableMost commonly, the alteration assemblageligious adjacent tquartz
veins ranging from 0.10 o 2 m inthickness The absence gironounced zoning dlteration
mineralsmakes identifying proximity to ore difficulind is complicated by host rock type and
distance to the Sant@hear zoneHowever,ore zones can be identified by: ur)derstandinghe
alteration assemblage foost rocks2) identifying smallgeochemical signaturesid patterns; and
3) detectingchemical changem alteration phaseat the mineralogical leveDnly units which
exhibit alterationwill be discussed in this chaptercinding granites, dioritesnetasedimentary

andmetavolcaniaocks

6.1 Textures & Mineralogy

The alteration assemblages at the Fisher property vary considerably with the host rock, and
thus the development of a paragenetic sequence is difficult, whestacerbated by the narrow
alteration haloes, and multiple fluid events. However, &ify provides the best summary of the
timing of minerals associated with hydrothermal alteration, including sulphigierak and gold.

The alteration assemblages for eholt rock type will be described below.
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Relative Time

Sulphide & Precious Metal
Mineralization:

Sphalerite
Pyrite
Arsenopyrite
Chalcopyrite
Pyrrhotite
Bi-tellurides
Gold

A Alteration:

Quartz
Sericite
Biotite
Chlorite
Calcite
Clinozoisite
Diopside
Epidote
Muscovite
Titanite
lImenite
K-feldspar
Actinolite
Tourmaline
Tremolite
Magnetite
Hematite
Increasing Scheelite

abundance

>

Pre-mineralization Mineralization Post-mineralization

-
77 e—1

= Multiple phases

Figure 6-1 Paragenetichart for the Fisher Deposit including sulphide and precious metal phases and
hydrothermal alteration productt should be noted that the paragenetic sequence with reference to
sulphide phases was primarily based on relationships observed in one samp#L@Q) and should be
interpreted with caution.

The alteratiorhaloin granites in the Fisher propertypically include calcite and chlorite
biotite, clinozoisite, epidote, serici{éne-grained muscovite)muscovite titanite, and diopside.
Calcite occurs late in the alteration assemblage within interstices of pyrite grain€-28jgor

along quartz vein margins with clinozoisigericitization of feldsparezas notedn manysamples,
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and locally, fineto mediumgrainedmuscoviteoccurs along quartz vein margisig. 6-2e).
Locally, medium to coarsgrained biotite(Fig. 6-2b), fine-grained chlorite and muscovite
concentrate along quartz vein margins and in interstices of f¥ige 6-2a,bg). Clinozoisite
occurs as coarggrained anhedral crystals along quartz vein margins altering plagioclasé-(Fig.
2f). Titanite forms in minoamounts and locally where diopside and clinozoisite alteration has
occurred. The anhedral crystal form indicates these titanite grainslikedyeprimary titanites
which were subsequently recrystallizélthe granite unit tends to host pyrite, chalcopyaiel

arsenopyrite.
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Figure 6-2 Alteration assemblages and textures of fesrobserved at the Fisher properfy). Bands of
wispy biotite alteration along quartz vein margin vgthite (CO-201974;185.8n) B) Gradational contact
between an altered mafic volcanic eamjte exhibiting strong silicification, patchy chlorite, bands of
epidotediopside and foliatiortontrolled pyrite(CO-201977; 184.4m)C) XPL- Interstitial Feoxidaion

of euhedral pyrite grains in an altered granite {ZI348, 249 m). DPPL- Fine-grained, anhedral calcite
within pyrite interstices in an altered granite (201974, 185.8 m)E) PPL- Subeuhedral pyrite along a
guartz vein margin with proximal fingrained, anhedral chlorite alteration, muscovite and medium to
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coarsegrained biotite (C&01948; 149m).F) XPL- Coarsegrained, anhedral clinomite alteration of
Cafeldspars along a contact between a granite and mafic volcani2@C®r7, 184.5 m).

The alteration haldn diorites from the Fisher propertypically canprisecalcite, biotite,
chlorite, epidote, sericite and titanite. Anhedral, firarsegrained calcite crystals form within
guartz veins along sutured quartz grain boundaries, along the margins of quartz veins with epidote,
chlorite, and pyrite, or as lateasscutting microveinlets indicatingt least twagenerations of
calcite exist Multiple generations of biotitevere observedncluding fineto mediumgrained
biotite locally defining foliation, a coarggained biotite locally altering to chlorite aloggartz
vein margins with titanite andecrystallizedhornblende (Fig.6-3ab,0), fine-grained biotite
occurring with chlorite in microshears, and a fgrained biotite along quartz vein margins with a
distinct association with epidote. Figeained and ehedral epidote only occurs locally along
guartz vein alteration haloes with calcite, biotite, and chld@Ftg. 6-3c). Sericitization is less
commonly found in this unit compared to other felsic units. Titanite occurs as euhedral crystals in
the host roclaway from the alteration as subhedral crystals closer to the quartz vein, and as coarse

grained euhedral crystals within the alteration halo of quartz veins&(Bl).
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FOV: 4.5mm

Figure 6-3 Alteration assemblage of diorites from the Fisher propdyPyrrhotite and chloritdiotite
alterationalong gartz vein (~3cmjnargins and within veim adiorite (CO-201981; 55.9m)B) PPL- A

thin vein of alteration minerals including biotite altegito chlorite and euhedral titanite in an altered diorite
(C0O-201982B; 56.6 m) C) PPL- Thin alteration hald2.5mm)of chlorite, biotite, epidote and titanite
along a quartz vein margin (CZD1981B; 55.9m).

Various metasedimentary units exist on thehEr property and tend to have considerable
alteration along contacts with mafiolcanic rocks. These metasedimentary units have less
variable alteration assemblages, except when in contact with volcanic units. The common
alteration minerals for the sedéntary units consist of sericiteuscovitechlorite-calcite + K-
feldspar, tourmaline. Along contacts with mafic volcamicks the alteration assemblage can be
influenced by those assemblages (Fgld). Sericitization of feldspars occurs throughout all
samples with increasing concentration proximal to quartz V@its 6-4a). Mediumgrained
muscovite completely alteplagioclase (Fig6-4d) and forms with chlorite along quartz vein

margins with trace euhedral pyrite grains. Tourmaline alteration wealyoidentified in

67



association with sphalerite (Fgr4c) and within calcite veins (Fig-4e). Calcite occurs as coarse
grained anhedral alteration, especially in contact with mafic volcanic unit&{&igf). K-feldspar

occurslocally with bands of diopside and epid¢kgg. 6-4b).
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Figure6-4 Alterationassemblagesf metasedimentary rocks from the Fisher propekjyQuartz boudins

in a strongly sericitized and biotite altered metasedimentary rock2(1973; 329.8m).B) Intensely
altered metasedimentary rock with bands of diopspidoteK-feldspar and strong dite and chlorite
alteration(C0O-201969; 316.2m).C) PPL- Tourmaline alteration in a metasedimentary unit showing
sphalerite, arsenopyrite and pyrite mineralization-{@RQ972, 329.2 m)D) XPL- Coarsegrained calcite

and strong muscovite alterationg&gioclase in a contact between a mafic volcanic and a metasedimentary
rock (CO201969; 316.2 m)E) BSE image Fine-grained burmaline alteration inreanhedral pyrhotite

vein along a quartz vein margifC0O-201969; 316.2m).F) BSE image Anhedral calite vein with
pyrrhotite (CG201969; 316.2m)
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The HCrB and LCrB alteration assemblages are significantly more complex than those
identified in other units. The HCrB assemblage includes multiple generations of biotite, sericite,
calcite + chlorite, tremolite, actinolite, titanite, clinozoisite, epidote, diopside and tourmaline.
Biotite occurs locally as medium anhedral grains with no preferred orientation, -goairse
subhedral crystals along quartz vein margkig. 6-5b), a finergraired variation also along vein
margins and as shear bands, aiomeec o ar se gr ai ned A pagticularasasplese 6 al t
and a finegrained variation defining <S fabrics. Sericitization of feldspars occulistally to
quartz veins (Fig4d), along quartz vein marginsas apervasive replageent of plagioclase
grainsassociated with clinozoisite (Figa), locally, in association with fibrous actinolite (Fig.
6-5g), and inmicro-shear zones (Figh-5f). Calcite forms as coarggained subhedral grs
directly proximal to pyrhotite (Fig. 6-4d), mediumgrained anhedral crystals along quartz vein
margins with biotiteind/or chlorite (Fig. €d), andfine-grained microveinlets crossutting quartz
veins (Fig. 6-5e). Chlorite occurs as either a medhawarse grained subhedral chlorite along
quartz vein/pyrite margin@-ig.65d), especi al |l y pr \winzooen(kigeedha), n t he
or a finergrained variation occurring along shearsl are typically associated with biotite and
epidote Clinozoisiteoccurs as alinozoisitequartz symplectite textur@ig. 6-6e), or as coarse
grained euhedral crystals (Fi§-5h). Medium, anhedral to subhedral titanite grains exit along
guartz veins and as fimaedium grained anhedral crystals along foliation plasss@ated with
biotite and diopsideDiopside also occurs boudins (Fig:5b) or as coarsgrained crystals in
guartz veins (Figs-5a). Tourmaline alteration is limited and occurs as4gnained suli euhedral

crystals within pyrite grains with calcitéeration(Fig. 6-4e).
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