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Abstract

Hammond Reef is an orogenic gold deposit witheasured and indicateesource estimataf
3.3Moz atan average grade 0f84g/t gold. It is located within the souttentral region of the
Wabigoon Subprovince in northwest Ontario. It is hostgdin a system of norttto northeast
trending anastomosing shear zorgedled the Marmion Shear System (MSS), which straddles
the contact between tiMesoarcheadiversion stocko the west antarmion Batholithto the
east. Multiple shear sense indwat, including theleflectionof mylonitic foliatiorsin shear

zones, drag folds, and shear bands, suggests that the MSS is a major sinistral transcurrent fault
system. The bulk of gold mineralization is concentrated in an-&E&tgling bend along the MSS,
characterized by intense sericited carbonate alteration. Mineralization formed between-2700
2690Ma and is associated with syectonic hydrothermal quartz breccias and shallowly dipping
guartzcarbonate veins with dowaip striations, which formed dung bulk NNWdirected
shortening across the bend. This suggests that the Hammond Reef deposit formed along a
contractional stejpverzone between two regional sinistral transcurrent faults. Compression
across the bend resulted in more fracturing that lbedlihe migration of hydrothermal fluids

and the precipitation and concentration of gold.
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Chapter 1

1 I ntroduction to Thesi s

1.1 Research Probl em

The Hammond Reef deposit is a low grade high tonnageaytyddeposit located 170 km
west of Thunder BayQntario,in the Marmion terranef the Wabigoon Subprovinad the
Archean Superior Provind€&ig. 1). The deposit is hosted by the Marmion Shear System (MSS)
which straddles the contact betweenldie Mesoarcheaiversion stocko the west and the
middle MesoarcheaiMarmion Batholithto theeast(Fig. 2). The MSS is a systeof roughly
parallel,north northeastending anastomosing shear zones which extends oven 3fffsetting
the 2730 2930 Ma Steep Rock Group to the sowtindcontinuego thenorthandwest of the
Lumby Lake greenstone belt as the Red Paint Lake shearTAmnélammond Reafeposit is
different from other Archean orogenic gold depoagst is hosted within a trondjemitenalite

granodiorite (TTG) complex rather thdre adjacent greenstone belts

Bakke (195) suggestedhat Hammond Reef is an intrustoglated gold depassimilar to
the Fort Knox deposit in easentral Alaska. His interpretation emphasized the association
between gold, low sulfidation quartz stockwork and fracture systems, and ghagdé intrusion
complex. More recent|y\Backeberg (2015)-classifiedHammond Reef as a mesothermal
Aorogenico gold deposit similar in age to
terrane He suggested that the deposit formed during a late phase of purélateang across

the MSS This differs fromcurrentmodels on the formatioof orogenic gold deposits, whicre

ot



typically thought toform during the main phase of movement along faults and shear zones.
These two contrasting interpretations and the
thinking onthe formation of orogenic gold deposits prompted the present thesis on the formation

of the Hammond Reef deposit.
1.2 Objectives of Thesis

This thesis aims to resolve the geologis#iictural,and chronological controls on gold
mineralization at the Hammond Reef deposit. Regional mapping along with more detailed
mapping of structures and mineralization, together with geochemical and petrographic analyses
of selected samples andRb dating oftie host intrusions and mineralization, were done to

achieve this goal. The main objectives of this thesis are to:

1. Determine the structural deformation history of the MSS to provide a structural

framework for the emplacement of the Hammond Reef deposit;

2. Characterize the geochemistry and mineralogy of veins and alteration mineral

assemblages present at the deposit;
3. Provide chronological constraints on the formation of the deposit;

4. Suggest an interpretation and model for the formation of the Hammond Resitdep

1.3 Structure of Thesis

This thesis is written as two separate chapters. Chaptevidesan introduction tahe

thesis and establishes the research problem, objectives, and structure of the thesis.



Chapter 2 is written as a manuscript for submission to a scientific journal. It is effithed:
Archean Hammond Reef deposit: the formation of an orogenic gotsitl@pa contractional

stepoverzone along a major strikslip fault syste Co-authors on this publication are:

1 Lafrance, B., Mineral Exploration Research Centre, Harquail School of Earth
Sciences, Laurentian University, 935 Ramsey Lake Road, Sudbuigrio, P3E
2C6, Canada

1 Marsh, J., Mineral Exploration Research Centre, Harquail School of Earth
Sciences, Laurentian University, 935 Ramsey Lake Road, Sudbury, Ontario, P3E
2C6, Canada

1 Hamilton, M., Jack Satterly Geochronology Research Laboratory, Witivef

Toronto, Toronto, Ontario, M5S 3B1, Canada

Additional information collected during the research is included in appendices.
Appendix A describesnapping and analytical techniques used in the th&p@endix B
provides petrographidescription of tin sectionsAppendix C lists wholerock geochemical
analyticaland assay resultdppendix D includesLA-ICP-MS elementmaps of pyrite grains

hosted in mineralized veins.



Chapter 2

2  The Archean Hammond Reef deposit: the formation of an orogenic
gold deposit in @ontractional stejpverzone along a major strike
slip fault system

2.1 | ntroducti on

Gold deposits form in low porosity and low permeability host rocks through fracture
controlled flow of hydrothermal fluids. As a result, dilation along and around majcs fndt
shear zongarekey featurein forming ore deposits. The formation of dilational zones requires
dynamic coupling between stress states, fluid pressure, fluid flow and deformation processes.
The deformation processes are often controlled by geondéfpfacement, and style of fracture
related permeability. Fault termination zones, fault bends and segment linkage zones are
important dilational sites for the formation of all hydrothermal ore deposits, including gold
depositgMicklethwaite and Cox, 2@) Micklethwaite et al., 203G ox, 2020).

The Hammond Reef gold deposit is one of few excellent exampsesoobgenic gold
deposit forming in a contractional steperzone between two major transcurrehéarzones
along a majoshearsystemcalled the Marmion Shear System (MSI8)this paper, we: (1)
Describe the orientation and style of structural features along the MSEhd&jcterize the
mineralogy and geochemistry of the veins and alteration haloes that make up the Hammond Reef
deposit (3) Provide UPb monazite age constraints on the formation of the deposit and compare
the chronology of the deposit with that of deformation events and other gold deposits in the

Wabigoon subprovince ; (4) Propose a model for the emplacementtdthmand Reef deposit



along a stepverzone between major transcurrent faults; (5) Discuss howostgzones may

localize the flow of hydrothermal fluids and the formation of orogenic gold deposits.

2.2 Regi oenaall o gy

The Superior Province is one of the Vab®largest exposed Archearatons. It is
characterised bfault-boundedsubprovinces with distinct geochemical signatures, structures,
ages and metamorphitaciesconditions(Thurston 1991).These subprovincesere
amalgamatetbgetherbetween 2.72 t8.68 Ga during the Kenoran orogegfhurston, 1991;
Tomlinson et al.2003; Percival, 2007aJThe Wabigoorsubprovince ign eastwest trending,

900 km long by 150 km wide, granitgeenstone belt locatéd the northwest Superior

Province.lt consists ofnetamorphosed volcanic rocks, sedimentary rocks, granitoid batholiths,
stocks and gabbroic sills ranging in age from 3.00 to @&9Blackburn et gl1991). It is fault-
boundedagainsthe metasedimentary English River subprovince to the amdh
metasdimentaryQuetico subprovince to the soutfig. 1). The Wabigoon subprovince has been
further divided into the Winnipeg River, Marmion, eastern Wabigand western Wabigoon
terranes based on theRb age and Nd isotopic composition of volcanic and &ssatcplutonic
rocks (Tomlinson et al., 2003). T¢eterranesvereamalgamated togethduring the

Mesoarchean around 2.9Z5a and were joinedndor overthrusted by Neoarchean volcanic
rocks of the eastern and western Wabigoon terraines. 2.70 Garomlinson et al., 2003;

Percival & Helmstaedt, 2004; Tomlinson et al., 2004; Percival, 200dat al., 202)L

ThewesternwWabigoon terrane is dominated by tholeiitic to ealkaline metavolcanic rocks
and large tonalitic plutons (Percival, 2007b). The juvenile Nd isotopic composition of the

metavolcanic rocksuggest the western Wabigoaasjuxtaposed to the Winnipeg Rivearrane



at ca. 271Ma (Davis and Smithl991; Ayer and Dosta2000; Tomlinsoret al, 2003). The
Marmion terraneKig. 1) mainly consists afondjemitetonalitegranodiorite(TTG) intrusions
surrounded by narrow greenstone belts. Mlaemion Batholithforms an elongated tonalitic
body located in the western to central portion efMarmion terrandt is a mediurm to coarse
grained, biotiterich, massive to gneissidijoritic to granodioriticmultiphase body with a
reported age of ca. 3.00 @aavis & Jackson, 1988; Tomlinson et, @003 Stone, 2008 It is
bounded by the Stedpock and Finlayson greenstone belts to the west and exdastigards for
about 100 km irbetween the ca. 2.98.10Ga Lumby Lake greenstone belt to the north (Davis
and Jackson, 1988; Tomlinson et 2003) and th&uetico faultzoneto the southwhee it is in
contact with the metasedimentary Quetico subproViRize 2). The Steep Rock greenstone belt
is dated at 2.732.93Ga(Stone, 2008) anid unconformably overligthe Marmion Batholith
(Tomlinsonet al, 2003).The contact between the @93 to 3.00 Ga Finlayson Lake greenstone
belt and thevlarmion Batholithis obscured by younger tonalitic intrusions (Stone and Kamineni,
1989; Tomlinson et gl2003; Stone, 2010cluding the tonalitidiversion stockvhich vary in
agebetweer2780Mato 2893Ma (Buse et al., 2010; Bjorkman et al., 2000#)e Diversion
stockdiffers from the Marmiononalites by its magmatic texturef interlocked quartzieldspar,
andhornblende (Stone, 2008; Backeberg, 2016).

The MSS straddles tHgiversion stockandwestern margin of thslarmion Batholith It is a
3 km widesystemof anastomosing northeasending sheazones and faultsyhich extendsover
30km from the western margin of the Lumby Lake greenstonetéite northeasivhere it
merges with th&ed Riint Lakeshear zonep the Steep Rock greenstone belt to the south,
where it offsets th&teep Rock Marmion Batholithunconformityand is dragged along the

Quetico faulzoneas showron the geological mapf Stone (2008)



Deposit Geology

The Hammond Reef deposit is a low grade high tonnage gold only deposit with a measured
and indicated resources estimate of 3.3 Moz of gold (Osisko, ZH&Yeposit consisbf
porphyritic tonalite, fine grained tonalite and gneissi@atb®, other rock types include
pegmatites and mafic dykes. All lithologies are locally foliated along matershear zones
which define the MSSGold mineralization is associated with auriferous queatbonate veins
andoccursasfree gold along pyré aggregate grain boundaries, healed fractures or inclusions in

pyrite (Kolb, 2010;0sisko, 2013Backeberg, 2015

2.3 Methodology

Analytical methods are briefly describbdlow,and detailed descriptions are provided in

Appendix A.
Petrography @ptical andscanningelectronmicroscope)

A total of eighty-threesamples of veins, alterations, lithologiead structures were
selected for optical petrographical work. Grab, channel, and drill core samples were collected
across the MSS, with a focus on the Hammond Reef deposit. Billets of those samples were sent
to Vancouver Petrographic for polished thintsets. A subset of these samples was further
characterized using a Tescan Vegal3viH scanning electron microscope (SEM) housed at
Laurentian University. The SEM is equipped with a tungsten filament and a Bruker Fl&€h 6
mn? energy dispersive spectreter (EDS) detector. A working distance ofrif, a beam
intensity of 151 16 nA, and accelerating voltage of 15kV were used to collectgeamtitative

mineral chemical dat&emiquantitative data was collected using a SEBIS instrument and



detector at.aurentian University. Internal standards were used to ensure data accuracy: pyrope
(NMNH 143968) was selected to monitor $i@l>03, FeO, MgO, CaO, Ti&) MnO values
(Jarosewich et al., 1972980), and microcline (NMNH 143966) was selected to monit@ K

and NaO values (Jarosewich et al.,80).

Whole rock geochemistry

Fifty-five samples werasubmitted for whole rock major and trace element geochemistry
atALS Canada Ltd. in Sudbury, Ontario (202¥ajor elements werdigested by metaborate
fusion andanalyzed by inductive coupled plasma emission spectrometry. B@s¢ metals Cd,
Co, Cu, Mo, Ni, Pb, Sc, Zn, Ag, and Li were analyzed using four acid digestioif i&xfe
elements (Ba, Ce, Cr, Cs, Dy, Er, Eu, Ga, GdHdf, La, Lu, Nb, Nd, Pr, Rb, Sm, Sn, Sr, Ta,
Th, Th, Tm U, V, W, Y, Yb, Zr) werdigested by metaborate fusion amhlyzed by inductive
coupled plasma emission mass spectrometry-&y. Concentration of S and C were analyzed
by combustion using a LeBoinduction furnacePrecision and accuracy were better than 10%,
for major el ements, REEOG6s, and other trace me
The samples were further assayed for their Au and Ag content. They underwent four acid
digestion andanaliquot of these solutions were analyzed for Ag by atomic absorption
spectroscopy (AAS), Au was analyzed by fire assay with an ICP instrumental Tihishwork

wasdoneto characterizehe geochemical footprint of the Hammond Reef deposit.

Trace element maps

Five pyrite graindrom different generation ofeinswere analyzeth-situ using the
Thermo X Series Il inductive coupled plasma ngssctrometefiICP-MS) at the Chemical

FingerprintingLaboratory, Laurentian University, Sudbury, Ontatiaser ablation sampling



was performed using a Photon Machines Analyte G2 ArF excimer laser, with 193 nm
wavelength, Sis pulse width, and HelEx Il cell. Laterally contiguous line traverses were ablated
with laser fluence of 4/cn?, 30 Hz repetition rateand 5- 10 um spot sizeData was processed
using lolite v4, with a baseline subtraction, instrumental drift correction, and concentration
normalizationperformed with the Trace Eleméntnternal Standard reduction scheme (Paton et
al., 2011; Petru& Kamber, 2012)Theseanalyss were completed to characterize the trace
metals and other elements associated with sutficherak inmineralized zonef the Hammond

Reef deposit.
In-situ U-Pb monazite

Three samples from various veins were analyzed fsitinmonaziteJ-Th-Pbisotoic
geochronologyThe samples were analyzed using a Thermo Scientific Neptune Plus
multicollector (MC) ICRMS at the Mineral Exploration Research Centrgotope Geochemistry
Lab (MERGCIGL) at Laurentian University, Sudbury, Ontari@ser ablation samiplg was
performed using a Photon Machines Analyte G2 ArF excimer laser, with 193 nm wavelength, <5
ns pulse width, and HelEx Il cell. The rawTh-Pb data were processed in lolite v4, with
baseline subtractiomstrumental drift, andownhole fractionatio corrections performed with
the UPb geochronology data reduction scheme (Petrus & Kamber, 20E&eanalyss were

conducted to constrathe timingof mineralization at the Hammond Reef deposit.
TIMS

One sample of thBiversion stockvas selected to undergo isotope dilution thermal
ionization mass spectrometry AOIMS) at the Jack Satterly Geochronology Research

Laboratory, University of Toronto, Toronto, Ontario. The samples were crushed, ground and
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initial separation of heavy minas was achieved by passing the heavy concentrate over a
shaking, riffled water (Wilfley™) table multiple times. Further processing included density
separations with methylene iodide and paramagnetic separations with a Frantz isodynamic
separator. The fad zircons analyzed were handpicked in alcohol under a binocular microscope.
Analytical methods involved isotope dilution thermal ionization mass spectrometiyi{1B)

following chemical abrasion (CAnodified after Mattinson, 2005).

2.4 Results

2.4.1 Marmion SheaBystem

The MSSis divided into three structural domains based on the orientation of the shear
zones; a southern domanendingnorth-northeas{NNE), a central domaitrendingeast

northeast (ENE), and a northern dom@aendingnorth-northeas{NNE).
Southern domain

The southern domain extends over 15 km ftbefSteep RockMarmion unconformityto
the southto an inflection point to the nortiwhere the shear zones change in orientation from

NNE-trending in the southern domain to Effending in the entral domainKig. 3). The shear

zones are well exposed along the shoreline of Marmion Lake. They initiated as zones of closely

spaced fractures as exemplified on Gold Mine Island, which is located in Marmion Lake
approximately 16 km NNE of the town ofiRdkan. Historic gold mining on this 1.5 Krisland
began in 1948 by Plator Gralouise Gold Mines Limited and ended in 1966 due to a breach of
mining regulations (Wilkinson, 1982). Zone$ closely spaced fractures, trending 030°, are

present near the oldine workings, where they cut across tonalite ofNfamion Batholith
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(Fig. 4a).The fractures are spaced 5 to 10 cm aparea@surrounded by 1 to &m wide,

bleached, sericitic alteration hal@¥g. 4b) A second set of sericitic fractures tred@8 - 130 .

Quartz veins bisect the angle between the two fracturelsgtgl€). Their orientation and

geometry suggest that they were emplaced along tensile fractures duringlixiéttéd

compression and formation of a conjugate shear fracturegetented by the 030° and 120°
fracturesIncreased fluid flow along the dominant 030° fractures resulted in more intense sericite
alteration, reaction strain softening, and the formation of a sericitic foliation during ductile shear
along the fractured~{g. 4d). The orientation (060 and anticlockwise dragging of the foliation
suggest sinistral shear along tirétle and sericitdilled 030° fracturesand shear zonekiring

NNW-directed compression.

Sinistral shear sense indicators are present along segacitic, NNEtrending (030°),
shear zones along the shoreline and on islanth®Marmion Lake. Outcrog5, which is
located at the north end of the southern dor(faig. 3), exposes 1.5 metre wide shear zone
with a central 1 metre thick quartz u€Fig. 5). The shear zone strikes 030° and cuts across
three tonalit rock units differing in grain size and relative abundance of plagioclase
phenocrystsThe three tonalit units are variably altered to sericéed carbonateith the
intensity of the alteration increasing towards the quartz ¥diered tonalite on both sides of the
vein have a pronounced sericitic foliation, striking 060° and dipping steeply to thelsouth.
rotates in anticlockwise manner along the vein contact suggesting sinistralF3geéa). The
presence of sinistral shear bandsh@ped drag fold$-(g. 6b), boudinagedNNE-striking minor
guartz veins, and folded NN\&triking quartz veins adjacetd the central vein, further suggest
sinistral transcurrent slip along the shear zone. The central vein containgrh o &ize, sub

angular, foliated fragment§&ig. 6¢). Thepresence of these foliated fragments suggest that the
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shear zone did not nieate on an older vei@nd its mechanicallweak alteration halo. Instead,

the central vein was emplaced during sinistral shearing and formation of the foliation.

The foliated tonalites consist of primary quartz, plagioclasebaniie, altered to
sericte. Primary quartz porphyroclasts have irregular grain boundaries with smaller
recrystallized quartalongtransgranulamicrofracturesSubgrainswithin and along the margins
of the porphyroclastsave an average size of 10050 um, andexhibit internal undulose
extinction and lowangle boundarie@-ig. 6d). Primary plagioclase porphyroclasts are partially
recrystallized along their margin. They have irregular grain boundaries and an average size of
100um, and exhibit internal undulogxtinction, lowangle boundaries, kink bands, and
microfractures that span the width of the grakig.(6€). A muscovite sigmoidamica fish is
partially replaced at both ends by foliatiparallel sericite fig. 6f). Its asymmetry suggests

sinistral sheaconsistent with kinematic indicators observed on outcrop.

Central domain

The central domain hosts the Hammond Reef deposit. It covers atr&htling segment
of the Marmion shear zone, which is exposed over 3 km along strike across a peninsula
extendingnto Marmion Lake Fig. 7). The Marmion shear zone strikes parallel to the north
shore of the small Mitta Lake in the center of the peninsislaouthern boundary is located
along the shoreline of Mitta Lake and its northern boundary is located 30¢hmrorthand is
well exposed along the shorelioEMarmion Lake Both boundaries are marked Hyn wide
shear zones separating a wider lower strain domain characterized by a weak foliation, conjugate

shear fractures, and fewer narrow shear zones.
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Stripped outcropt3is located inbetweerthetwo bounding shear zonekownas
lineamentsn redin Figure8. The shear zonglongthe soutlern endof the outcrop is partially
exposed and defined laypronouncedbliation andstrongsericite(xcarbonatgalteration. The
shear zone to the north wadslineatedy Osisko in 201@&nd isexposed tdhe east along the
shoreline oMarmionLake Within the low strain domain located-lretweerthetwo major
bounding shear zonesjinor dip-slip and sinistral strikslip shear zones are exposed. Within a
sheared mafic dykey S-foliation is dragged iranticlockwisemanner along Gshear bands
indicating sinistral strikeslip movemen{Fig. 8b). Nearthe southendof the outcrop, shalloky
dipping veinsstrike ENE (060) and dip 40to the SSE. Kkenlinesare presenalong theupper
and lowersurface of these veinsind are parallel to the dip of the ve{f$g. 8c). Theveins have
minimum thicknesses of &n; their true thicknesses canme determined because the veins dip
parallel to theslopingsurface of the outcropnd are weathered and eroded revealindgntise
rocks below the veingFig. 8d). In low strain domaingn between shear zones, fiodation is
less pronouncednd late conjugatsinistral NEtrending shear fractures and dextral M#iking

shear fractureare present indicating a NNW shortening direction.

The main Hammond Reef Mirghowingis locatedl km east of Mitta Lakand is
represented bgutcrop#2in Figure9. It consists of finggrained and porphyritic tonalite cut by
pegmatite dykes within a low strain dom#ig. 9). Excellentcrosscutting relationships
between different veitypes are present on the outcrdfe vuggy and laminatedrustiform
veins(LCV), varying in width from 1 cm to 5 cm, consist of quartz and carbonate and are
surrounded by roughly 8 wide alteration halos ahlorite,carbonateand pyrite. The veins
arefolded,and their alteration halo is overprinted by adtbn, striking 060 parallel to the fold

axial planesThey are offset along shavpalled breccia veins, striking 06(Fig. 9). Thesharp
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walled breccia veinare generally 5 to 10 cm wide withch wide sericite alteration haloBhe
sharpwalled brect@ containsulangular to roundedoliated,wall rock fragmentsvith an
average size df to 2 cm. Irregularshapedydrothermal brecciasccupythe southermpart of the
outcrop.The brecciaformedalong the contadietweerfine grained tonalite and porphyritic
tonalite. Theclasts have jigsaw fit texturendrangein size from 1 to 5@m. The are strongly
altered to sericite antbntain &oliationstri k i n gSul@déich veinscut acrosshe
hydrothermal breccia ves. Thesulfideveinsare 1 to Scmthick andconsistof 30- 40% (1i 5
mm) cubic pyritesurrounded by a matrix of quartz and carbonate (ankerite and caicite)
cm widesericiic alteration halosKig. 9). These veins arendeformed, steeplgipping, and

ENE-striking.

Excellent examples of irregulahapedydrothermal breccias are present on an outcrop
located 200n west of Mitta LakeThe hydrothermal breccias drested by tonalite which is
locally foliated but contains no shear zqReg.10a). Thebrecciagange in size from a few
meters to 10s of meteandonly contain clasts of the host tonaktiéered to sericitand
subordinatearbonate with trace pyrite and chalcopyritbe clasts are angular wighigsaw fit
texture They catain a strong to moderate foliation, which strikes @61l is parallel to the
foliation overprinting the host rocks. Teame foliation is axial planar to folds locally

overprinting the breccig#ig. 10b).

Northern domain

The Northern domaiextends for 6 km north of the central domdiig(11). Shear zones
within the northern domain have a similar NNE trend as those within the southern domain. The

Sawbill mine prospecH{g. 12) shows the relationships between a shear zone, foliation, and
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quartz veins. The prospect consistshef Sawbill laminated vejmwithin a 5 metre wide shear

zone that can be traced continuously over 100 metres across a mechanically stripped outcrop.
The Sawbill vein produced 1342 ounces of Au from 1897 to 189%amd 1940 to 1941

(Tremblay, 1940; Ferguson et al., 1971). The sheae and vein cut acroserphyritic tonalite,
fine-grained tonalite, and late mafic dikes and pegmatite. These rocstsaagy altered to
sericite(xcarbonatgwithin the shear zone. The laminated quartz vein and host shear zone are
steeplydipping and NNErending. The laminated quartz vein is typically 1 n2 ta thick, but it
thickens ta3 m within left-stepping jogsKig. 13a). Laminae within the vein have a spacing of 1
cmto 5 cm, are parallel to the trend of the vein and shear zone, and are defined byaierette
host rocksfig. 13b). They are striated by a siiorizontal lineation expressed as riekyet

groove corugations Fig. 13c,d). The shear zone has an internal, E&tiking (040°) and
steeplydipping, sericitic foliation, which is oriented obligaad clockwiseo the trend of the

shear zone and laminated vein. It is dragged in anticlockwise manner next to the vein and shear
bandg(Fig. 13e). Narrow, cmwide veins, striking 110° and dipping 72°, are oriented oblaqn
anticlockwiseto the laminated veinlhey havanternaleuhedral comb textures, vuggy centers,
and wedgeshaped tipgFig. 13f), and can be traced from the undefodweallrocks of the shear
zone into the shear zone where they undergo anticlockwise rotdtign$3g). Some are

truncated by the laminated vein while others cut across the laminatedrigeib3h). These

mutually overprinting relationships suggest tthety are coeval with the formation of the
laminated veinTwo sets ofate fractures argubvertical and trend 3and01 Q whichis

consistent witttheir formation as conjugate shear fractures duxNgV-directedshortening
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2.4.2 Alteration andMineralization

Detailed mapping, core logging, petrographic analysis, mineral chemistry, at@R-A
MS trace element sulfidmapsrevealtwo distnct alteration assemblagesi earlychlorite-
carbonate (xsericitglteration assemblage and a latericie (zcarbonatealteration

assemblage. They are described below.

Chlorite - carbonate(tsericite)rich alteration
Early chlorite-carbonate (£sericite) rich alteratiempresent irall tonalitic intrusions

including theMarmion andDiversion stockonalites.It increassin intensityin the wallrocks of
theLCV (drill core #1land #5in Fig. 14b). In thin sectionprimarybiotite andamphibole grains
are replaced by chlorite trutile, apthgioclase grainare partially to completely replaced by
fine-grained sericiteand carbonat@igs. Ha). The latter also occsrnlong grain boundaes of
primary mineras. Chlorite has a vibrant blue calpbin cross polarized light suggestindv/i-rich
composition Fig. 15a). Disseminated titanites associated with sericite withstrongly altered
plagioclase graingCubic pyritewith inclusiorrrich centers anchinor chalcopyriteare present

within the alteration halosf LCV.

Sericite(xcarbonat@ rich alteration

Up to 40 cm wide alteration haloes efigite (xcarbonateyurroundquartzchlorite
carbonate veins (QCC), hydrothermal breccia veins (HBNM) sulfide rich veins (SR\(@rill
core#2,#3,and # in Fig. 14b). Wider zones ofericiticalteration, which are expressedzases
of pale yellowgreenii b | e a,ate presgn sheared tonalitandin less deformed tonalite

containingmultiple HBVs. In both casessericitereplace early chloriteafterprimary biotite and
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amphibole Fig. 15¢,d).Chlorite isalso present within th@CCveinsand HBVand as selvedge
along the margin of the QCC vejrmit it differs from the early chlorite by its deep purple oolo
under cross polarized ligbtiggesting anoreFe-rich composition(Fig. 15¢,d). Sericite is
observed as replacing early chlorite after primary biotite and amphibole (Fig. Caelfpnate
infill s microfractures and grain boundaries between primary and alteration mikialatite is
locally present in association with magnet#ed changes the caloof thebleached zone®

brick red.

Pyrite is the most abundant sulfide minenaihe sericiic alteration halsand bleached
zonesPyrite cubes (2 mm in size)make up 110% of the alterationdio surrounding th@CC
veinsand HBYV, and he SR\é containup t020-30% (£5 mm) cubic pyriteDisseminatedrains
of chalcopyriteandgalenaare presenias well agelluride micreinclusions within pyritegrains

The relationships between gold concentrations and altel@toshown on a
representativgraphiccore logdiagram ofdrill holeBR-106Q which was drilled across and
below the main Hammond Reef showiitdg. 14a) Alterationintensityis visualy estimaed in
5% incrementsAu concentratiosin part per million(ppm)are fromOsisko(2010 Gssay
databaseThe log shows increasinglgl values in zones of strong sericite alteration ldBY

andQCCveining.

Mineral chemistry

Representativenineral chemistryf white mica, chloriteandcarbonatdrom theearly
chlorite-carbonate (gericite) alteration and sericite (xcarbonate) alteratooken down in
terms of their associatiomith the LCV,HBV, SRV, and QCC veinsre listed in Table 1 and

shown in Figures 16 and 1In. addition, the chemistrgf the same minerafsom a wider zone
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of chlorite.carbonatesericite alteration ooutcrop#3, whereboth alteration assemblages are

superposed, is presented



Table 1: Summary of mineral chemistry from alteration associated with mineralized veins and alteration at the Hammond Reef deposit

19

White mica
o SiIQ TG AlLOs FeO MnO MgO CaO NaO K0 Si Al(iv)  Al(vi) Ti Fe Mn Mg Ca Na K
Host  Description o0y wiop)  Wik) (Wi%)  (Wio6)  Wo%)  (Wi%) Wi%) Wi9%) Total  Formula .o (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) = oCe*MO)
LcV OJEA‘G%Q”::S% 449 064 320 451 001 0.87 0 0.36 11.18 94.01 110 618 182 337 007 052 000 018 000 010 1.96 0.74
05AG01, N=66;
HBV  87AG02,n=71; 4571 0.09 3343 331  0.48 0.66 0.00 0.39 10.90 94.32 620 180 355 001 038 006 013 000 010 1.89 0.74
88AG03, n=40
01AGO1A
n=63 01AG04,
QCC o iagos 4605 024 3136 409 032 1.22 0.00 0.42 10.98 94.03 630 170 336 002 047 004 025 000 011 1.92 0.65
n=30
07AGO5
SRV n=109 4587 084 3219 461  0.00 0.98 0.00 0.04 10.24 94.12 624 176 340 009 052 000 020 000 001 1.78 0.72
02AG06, N=82
Cht  86AG04n=22
Carb  87AGO03,n=64; 48.44 007 29.81 426  0.12 1.34 0.01 0.40 10.20 94.00 657 143 333 00l 048 001l 027 000 011 1.76 0.64
Ser  98AG03, n=25
Chlorite
- Sia  Ti» ALO; FeO  MnO MgO Cao Na,O K:O Si Al(v)  Al(vi) i Fe Mn Mg Ca Na K
Host — Description o0y wiop)  (Wik) (Wi%)  (Wio6)  Wo%)  (Wi%) Wi%) Wi9%) Total  Formula .o (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) (apfu) o e*MO)
LcV 321:((3385”;2?61 2703 006 19.83 2378 000  17.39 0.15 0.07 0.00 88.31 360 559 241 243 001 410 000 536 003 006 0.00 0.43
Qcc Olﬂ’ﬁ%A’ 2363 012 2120 3399 041 9.23 0.05 0.20 0.00 88.83 515 285 263 002 630 008 300 001 017 0.0 0.68
87AG03, n=66;
Cht 86AG04
Carb 134 2569 020 2153 2831 036 1215 0.16 0.12 0.07 88.58 542 258 2580 003 487 006 38 004 010 004 0.57
Ser -

98AG03, n=73




Tablel: Continued.
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Carbonates
o MgO CaOo MnO FeO Ca Mg Mn Fe
Host Description (WE%)  (Wi%) (Wi%)  (Wi%) Total Formula (apfu) (apfu) (apfu) (apfu)
LCV 91AG02n=84 16.27 29.72 0.16 9.83 55.99 60 49.40 37.63 0.21 12.75
01AG10 0.02 5462 0.06 1.05 55.75 98.39 0.05 0.08 1.48
HBV n=118
05AGO01, n=37; 7.84 27.17 0.72 18.55 54.29 51.13 20.52 1.07 27.25
88AGO03, n=64
01AGO1A 0.02 53.29 0.00 0.06 53.37 99.86 0.04 0.00 0.09
Qce n=1401AG04,
n=79; 98AG04, 759 26.22 0.98 18.31 53.10 50.58 20.36 1.50 27.56
n=84
07AGO05n=25 0.22 55.38 0.00 0.19 55.79 99.18 0.56 0.00 0.26
SRV
02AG06,n=87 837 2731 0.76 1854  54.99 50.% 21.55 1.11 26.78
Cht 86AG04n=29
Carb 87AG03,n=76; 0.02 53.83 0.00 0.21 54.07 99.63 0.06 0.00 0.31
Ser 98AGO03, n=92

Notes LCV, Laminated crustiformein; HBV, Hydrothermal breccia vein; QCC, Quartz chlorite carbonate
vein; SRV, Sulfide rich vein; €@#rbSer, Chloritecarbonate (tsericite) alteratiom, number of spot
analysis Wt%, weight percent; apfu, atoms per formula unit.
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Sericite mineral chemistrg shown on the Al-Fe-Mg ternarydiagramof Tappert et al.
(2013)(Fig. 16a). The diagranplots the relative percentage of Mg, Fe catios occupying
octahedral sites in treericitemineral structure. Their value is in atoms per formula unit (apfu)
calculated based on 11 oxyge8sricite has a consistent M§e ratio of0.1and variableAlV
contentof 45 apfuto 90 apfufor all vein typesExcept for the QCC veins whef¢" contentin
sericite becomes slightly more aluminausgh increasing proximityo theveins no trend is
observed in sericite composition for the other velfisary diagrams of Fe+Mg versus Si and
Al versus Sshow similar trends witdecreasindre+ Mg content and increasing Atontent
with increasing proximity to the QCC veifisig. 16b).

Chlorite compositions are plotted on ttidorite classification diagranirig. 17a) of
Fosterg1962. Thebinary diagranplot Fe/Fe+Mg apfu ratio against &ofu calculated based
on 36 oxygensTheplot showsseveraklusters of chlorite composition€hloriteassociated with
the LCV plotsmainly within the clinochlore and ripidolite fields and overlapgwihe
compositionof chlorite from the wider zone ehlorite-carbonatesericitealterationon outcrop
#3. Chlorite from the QCC veins and their selvedgesmore Feich andplots within the
ripidolite field.

Carbonatenineral compositions aghown on aolomite-ankeritecalciteternary
diagram(Fig. 17b). Cations Ca, Mg, Fe apfu aralculatedbased orb oxygen Ankerite is
present in altered wallrocks of all vein typAskeriteassociated with the LCV has a higher Mg
compositionthanthat ofthe HBV and SRVCalcite is present in altered wallrocks of QCC veins

only.
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Mass Balance

The MacLean (1990) methas used to calculate the mass gains and losses during alteration
associated with deformati@nd veiningTable2 lists the whole rock mar and trace element
composition of representative samples used for these calculations pohpbgritic tonalite
samples were cattedfrom the wider zone of chloritearbonatesericite alteratiomn outcrops
#3 (Fig. 8) at increasing distances framprominent shear zoredong the southern end thfese
outcrops. Proximal sample D835782 is located within the sericitized wallrocks of theshear
and medial and distal samples D835783 and D835784 are |&@tatecdnd 40m, respectively,
north of the shear zone (see Fig8ifer sample location)Samplesof LCV, HBV, and QCC
alteration halosvere collectedrom drill core.Zr was chosen as ti@mobile element for
calculating enrichment factors as it has the highest linear regression R squared factors on binary
plots of Zr versus Ti®(R? = 0.9;Fig. 18), Al.03 (R?>=0.89, andY (R?=0.9). A leastaltered
porphyritic tonaliteprecursor was selected using tbkowing criteria: <5% loss of ignition,
>1% Na20, <1®n theSpitzDarling alteration index (Spitz and Darling, 197Bgtween 185
on thechlorite-carbonatepyrite index (Large et al., 2001petwea 20-65 on theHashimoto

index (Ishikawa et al., 1976and <1% on thesericiteindex (Saeki and Date, 1980).
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Table 2: Whole rockmajor elements (wt. %) and trace elements (ppimgpresentative samples
of altered and precursporphyritic tonalite

Sample No. D835782 D835783 D835784 | D835777 D835787 D835753 D835807
Vein Association - - - LCV HBV QCC Precursor
Alteration Strong Median Weak Strong Strong Strong Weak
Easting 611928 611928 611928 612829 613714 611959 617166
Northing 5421486 5421486 5421486 | 5421786 5422237 5420959 5422019
Major oxidesMethod
Si02_% FUSICP 77.60 76.20 72.87 88.74 71.29 71.41 73.32
Al203_% FUSICP 12.77 12.87 13.46 5.89 12.49 16.14 13.76
Fe203_% FUSICP 1.60 2.85 1.68 1.40 3.12 1.78 2.01
CaO_% FUSICP 0.18 0.07 2.81 0.08 2.79 0.98 2.07
MgO_% FUSICP 0.23 0.41 0.46 0.11 0.73 0.36 0.49
Na20_% FUSICP 4.19 2.14 4.97 2.06 2.45 3.61 3.69
K20_% FUSICP 2.07 3.27 0.70 0.89 2.60 3.34 1.64
TiO2_% FUSICP 0.14 0.23 0.21 0.09 0.27 0.14 0.18
MnO_% FUSICP 0.02 0.03 0.02 0.02 0.05 0.02 0.02
P205_% FUSICP 0.05 0.06 0.07 0.02 0.12 0.04 0.06
LOI_% FUSICP 1.09 181 2.69 0.68 4.01 2.06 2.69
Total 99.94 99.92 99.96 99.97 99.92 99.88 99.93
C % LECO 0.03 0.04 0.46 0.05 0.78 0.22 0.4
S_ % LECO 0.02 0.13 0.01 0.02 0.08 0.05 0.02
Trace elements Method
Au_ppm INAA 0.002 1.065 0.003 0.0 0.084 0.082 <LOD
Ag_ppm ARMS 0.02 0.4 0.2 0.02 0.02 0.02 0.02
Ba_ppm FUSMS 354.0 586 125.0 162 464 918 400
Ce_ppm FUSMS 46.3 97.6 42.9 28.7 69.8 37.6 46.4
Cr_ppm FUSMS 20.00 30 20.00 60 40 30 50
Eu_ppm FUSMS 0.44 0.73 0.79 0.38 0.86 0.55 0.73
Gd_ppm FUSMS 11 1.83 1.88 1.19 3.57 1.9 2.7
La_ppm FUSMS 26.6 57.1 20.9 15.100 34.2 19.3 24.4
Lu_ppm FUSMS 0.1 0.09 0.12 0.07 0.13 0.07 0.12
Nb_ppm FUSMS 6.8 9 8.00 3.2 7.5 5.5 6.3
Nd_ppm FUSMS 13.1 25.6 16.8 10.8 28.4 13.7 18.6
V_ppm FUSMS 18 38 17 18 29 15 17
W_ppm FUSMS 1 2 1 2 3 1 0.1
Yb_ppm FUSMS 0.59 0.62 0.68 0.32 0.93 0.53 0.71
Co_ppm TDICP 2 4 3.00 2 6.00 2 4.00
Cu_ppm TDICP 7 5 1 2 6 8 2.000
Li_ppm TDICP 0.1 0.1 20 0.1 10 0.1 20
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Table 2: continue

Sample No. D835782 D835783 D835784 | D835777 D835787 D835753 D835807
Vein Association - - - LCV HBV QcCcC Precursor
Alteration Strong Median Weak Strong Strong Strong Weak
Easting 611928 611928 611928 | 612829 613714 611959 617166
Northing 5421486 5421486 5421486 | 5421786 5422237 5420959 5422019
Trace element$/ethod
Mo_ppm TDICP 1 2 2 3 2 4 3
Ni_ppm TDICP 2.00 4 3 8 4 3 2
Pb_ppm TDICP 10 7 5 2 4 7 5
Zn_ppm TDICP 32 42 14 17 41 31 30
As_ppm FUSMS 0.3 0.4 0.3 0.01 0.4 0.4 0.1
Bi_ppm FUSMS 0.02 0.13 0.02 0.02 0.01 0.15 0.01
Te_ppm FUSMS 0.01 0.15 0.005 0.02 0.01 0.12 0.005
Sr_ppm FUSMS 133.00 55.4 250 43.8 116.5 80.2 235.00

Notes LOI, loss on ignition; FUGP, lithium metaborate & tetraborate fusion ICP;

FUSMS, lithium metaborate & tetraborate fusion FUES; ARMS, aqua regia digestion FVE;
TDICP, total four acid digestion ICP; INAA, instrumargatron activation analysis;

LECO, combustion by LecoTM induction furnat&D, lower detection limit

Mass balance calculation results are displayed on percent mass change histograms in Figure
17 and 18As alteration increase in intensity with increasing proximity to the shear a@ss
gainsin K20, Ce, La, V, W, Cu, Ni, As, Bi, T& arecoupled withmass lossem CaO, Li, SyC
(Fig. 18b). The alteration halos of the HBV and QCC show similar mass gaingdn\K, Cu,
Pb, As, Bi, Te, S and mass losses in Li and'Be. dteration haloassociated witthe LCV differ
by theirmass gaisin SiO, andCr, no mass change in2R, anda strong mass loss As (Fig.

19a).

Sulide maps
Gold is typically associated with pyrite within the sericitic alteration halo of veins and
bleached zone&A-ICP-MS element maps of pyrite grains are shown in Figuren@Q@1.

Pyrite grains from the alteration halo of LCV, HBV and QCC veins are characterized by
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inclusionrich domaing(Py-2) and an inclusioffireedomaing(Py-1), and the pyrite grain in the
alteration halo o8RV is entirely inclusiofiree (Py1). Py-1 inthe LCV pyrite grain(Fig. 20)is
characterized bgompositional bands rich in Mind bands rich in As, which are parallethie
graincrystal facesPy-2 is characterized b&u-Ag inclusionsmagnetite inclusions rich in Co,
V, Mn, and other inclusions rich in Te, SN, Cu, Zn. Other elements, such as Bi, Co, Pb, are
enriched but more uniformigistributed. Their distribution outliisghe Py-2 domains whose
irregular boundariesut across thali-rich and Asrich bandsn Py-1.

The HBV pyrite grainFig. 21a)is characterized by strongly zoned-PyCompositional
bands are parallel to the grain crystal faces and are defined by differential enrichments in Ni, As,
Co.Other elements, such as AAg, Te, Bi, Pb, are strongly enriched in-Pyand along irregular
planar features (i.e. fractures) cutting acros4 Py

The QCC pyrite graifFig. 21b)has arinternalPy-2 domainsurrounded by Ri. The
latter is enriched in Ni and display, weaklgfined, Ni-rich bands. Other elements, such as Au,
Ag, Te, Bi, Pb, Cr, occur in inclusions within2yand along fractures cuttiriy-1.

The SRV pyrite grairfFig. 21c)differs from the other grains. It consists of several grains
of unzoned P31 with enrichment in Ni, As, Co, Te, Bi, Pb, Cr along grain measgimd

transgranulafractures. A”dAg occurs asmall, isolatedyrains along grain boundaries.

2.4.3 Geochronology

In-situ U-Pb Monazite
Monaziteassociated withCV, HBV and SR/ were analyzed Hsitu by LA-MC-ICP-

MS at the MERCIGL (Laurentian University)Laser spotsaried in size between 120 um
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depending on grain size (details on analytical methodology are preseafgukimdix A.
Twenty-five grains of monazitevere analyzeavithin theLCV andalteration haloThe grains
rangein sizefrom 1550 um with anaveragesize of20 um, they ardocated inassociation with
chloriteand sericitavithin thealteration halpand along quartgrain boundariewithin the vein
Eighteengrains of monazitevith an average grain size of 10n wereanalyzed fronthe seicite
(xcarbonate) rich alteraticassociated with thlBV. The grains were largely concentrated along
guartzgrain boundarieand within patches of sericite alteratiéimnally, twelve grainsof

monazite with an average grain size of @20 from the SRVandalteration halavere analyzed
These grainsccuralong pyritegrain boundariewithin the vein and irmssociation witlchlorite
altered by sericitvithin the alteration halof thevein.

Uncertainty propagation followed the method of Horstwood et al. (2016), including
within-session variance from primary reference material (monazite KR2)analyses and
uncertainty in the primary reference material age. Theldmg-termvariance in?°’Pb?°Pb
ratiosfrom in-housereference material(i.e. MSWD<1) negated the need for further uncertainty
propagation oR°PbP®Pbweighted mean age¥erification reference materials analyzed during
each session were all reproduced withinastainty of their accepted ages, with weighted mean
ages for monazite DD9P6 = 2670 + 1.0 Ma (n=12; MSWD = 1.03; TIMS age = 2671.1 + 1.2
Ma; Davis, 1992. Forunknown monazite grains from this studwyly analyses with <5%
discordance and high Pb*/Rlas defined from Ag&) concentration relationships in each
sample, are presented below.

Results from analys with <5% discordant for the various veins lssted inTable 3.
Forty-five total monazite analyses the twentyfive grainsfrom the LCV were< 5% discordant,

with a U concentration threshold of <1000 pgnigh U analysesvhich yielded?°’Pb?%Pb
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dates that ranged fro@v25-2690 Ma, with the highest U analyses clustering at ~2697Higa
22a). Twenty-two monazite analysex the eighteen mouz#e graindrom HBV have very low U

in comparison to the other vejngith commonPb affecing dateswhich rangdrom 2.0-3.5 Ga.
Thethirteen analysis from monazite with a higher U concentrdtion a spread of dates,

largely between 2712780 Ma, witha cluster of four analyses from the HBV yielding a
weighted meald®’PbP°%Pb date of 27281a + 16 Ma ig. 22b). Finally, nineeenmonazite
analysisof the twelve monazite grairfiiom the SRV had a high U concentration (>500ppm) and
a low (< 5%) discordaptvhichyielded a spread of individu#l’Pb?°%Pb dates that ranged from
27252700 Ma with five monazite analysiwith thehighest U analyses clustering at ~2701 Ma

(Fig. 22c).



Table 3: MonaziteU-Pb isotopiadatafrom variousmineralized veins within the Hammond Reef deposit
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Ages
Fraction Description U ul 206Pp/ tH 207Pp/ tH 207Pp/ +H 206Pp/ tH'  220Ph/ W 207Pb/ +H ' Disc.
(ppm) Th 238/ 235 206pp 238 235 206pp (%)
Monazite in LCV
20 pm, nozoning

M1 loc. Alt halo . 1151.2 0.440961271 0.506843833 0.013168404 12.86111838 0.411245694 0.184296982 0.000538339 2643.06 56.3 2669.36 30.1  2691.08 4.8 1.8
M2 ﬁ)(z:ugl]t r?géonfng 1064.8 0.256044305 0.514235428 0.013366891 13.11401083 0.418672617 0.184485833 0.00046128 2674.54  56.9 2687.68 30.0 2692.82 4.1 0.7
M3 Izo(z:u;\TI]t r?géonfng 931.8 0.256215134 0.505061801 0.013149014 12.8515311 0.412080008 0.184533342 0.000441008 2635.38  56.2 2668.58 30.0 2693.26 3.9 21
M4 Izo(z:ugl]t r?géonfng 1623.0 0.417256174 0.513500965 0.013678589 13.08475231 0.426457261 0.184617  0.000543311 2671.35 58.1 2685.47 30.6  2693.99 4.9 0.8
M5 iﬁ:uﬂt Q;zonfng 1144.8 0.278043571 0.518687006 0.013453333 13.23808217 0.422787332 0.184812209 0.00044667 2693.57 57.0 2696.68 30.0 2695.75 4.0 0.1
M6 Izo(z:ugl]t r?géorfmg 458.8 0.132059468 0.51438504 0.015188578 13.25800209 0.494037463 0.184873132 0.000674391 2674.69  64.4 2696.85 34.3  2696.26 6.0 0.8
M7 i)?:??l’trf:glzc?nfng 1407.8 0.420614964 0.527469201 0.013657195 13.41911183 0.42733761 0.184914797 0.000432146 2730.71 57.5 2709.50 29.9 2696.68 3.9 -1.3
M8 i)ochl’tr;(;z:nfng 1175.0 0.298502554 0.514054277 0.013727321 13.15411973 0.428700585 0.184908351 0.000450606 2673.46 58.2 2690.15 30.2 2696.97 3.9 0.9
M9 i)?:gzlytr;lglzc?nfng 708.8 0.17857513 0.521359609 0.013591267 13.36199526 0.427238588 0.185143135 0.000425153 2704.90 57.5 2705.48 30.1  2698.72 3.8 0.2
M10 i)()cexlt%c;lz:nfng 1158.1 0.397276878 0.521296854 0.01353861 13.30890318 0.423567508 0.185143332 0.000426887 2704.66 57.4 2701.78 30.1 2698.72 3.8 -0.2
M11 i)?:H\Te’izozonfng 385.6 0.062931786 0.53402495 0.01429144 13.6943082 0.464636538 0.185225781 0.000900131 2758.24  59.8 2728.35 316  2699.35 8.0 2.2
M12 i)oce\r/ne,igozonfng 673.8 0.039750186 0.540157794 0.014097225 13.80406097 0.455079168 0.185237911 0.001120515 2784.07 58.9 2736.13 31.1 2699.39 10.0 -3.1
M13 i)?f?l’tr;lglzc?nfng 354.5 0.154268973 0.534659541 0.013987874 13.71703088 0.447563728 0.185291944 0.001045527 2761.01 58.8 2730.23 30.8  2699.93 9.3 2.3
M14 i)(::%lxlltrr]lglzc?nfng 470.7 0.259046268 0.510735868 0.013269143 13.07647513 0.422264833 0.185413937 0.000743684 2659.74  56.6 2685.07 30.2  2701.08 6.6 1.5
M15 i)(i:“:\?t Eglf)onfng 588.5 0.180538103 0.521794452 0.013479552 13.370937 0.425025002 0.185435663 0.0004525 2706.78 57.0 2706.17 30.0 2701.31 4.0 -0.2
M16 i)(::%?l,trr]lzlzc?mng 791.0 0.203187923 0.526843019 0.013770313 13.50076567 0.432515472 0.185499122 0.000439863 2727.92 58.1 271586 316  2701.88 3.9 -1.0
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Ages
Fraction  Description U u/ 206ppy/ tH 207Pp/ tH 207ppy/ +H 206py/ tH 20Pp/ kW 207Pp/ +H  Disc.
(ppm) Th 238/ 233 206Ph 238 235 206Ph (%)
20 um, nozoning

M17 loc. Alt halo 231.3  0.029002457 0.490651129 0.050668675 12.56787322 1.310250581 0.185419953 0.001073232 2573.43 218.8 2647.63 98.7 2702.70 8.9 4.8
M18 ﬁ%”?n?iff nfng 805.6  0.04467871 0.516480057 0.01336048 13.15898678 0.41908696 0.18559873 0.000511296 268420 56.7  2691.04 30.0 2702.73 46 0.7
M19 in?:umtrr]]glz: nfng 583.5 0.20331609 0.51326178 0.013347712 13.19061789 0.421014904 0.185680882 0.000466991 2670.51  56.8  2693.31 30.0 270348 4.2 1.2
M20 ﬁaoc.“ye'igozonfng 766.1 0.042891388 0.532826854 0.013975614 13.6623964 0.452018587 0.18579844 0.000735899 2753.28 58.6 272629 309 270449 65  -18
M21 in?:umtrr]]glz: nfng 2063.2 0.770905608 0.512669226 0.013285554 13.13669488 0.419064763 0.185833931 0.00047125 2667.98 56.5  2689.42 29.9 2704.84 4.2 1.4
M22 iaocuxltglz: nfng 748.7 0.224339673 0.519658179 0.013428941 13.37183163 0.425636172 0.186105216 0.000516936 2697.70 56.8  2706.21 29.8 2707.26 4.6 0.4
M23 ﬁn?:.“vn;i:ozonfng 263.7 0.07628995 0.537534296 0.014708654 13.86873913 0.474996836 0.186167478 0.001086287 2772.90 61.5 274029 322 2707.66 96  -2.4
M24 iaocuxltglz: nfng 730.9 0.116485394 0.515654041 0.013466828 13.32637647 0.441092432 0.18616984 0.000760866 2680.67 57.1  2702.80 30.8 2707.80 6.7 1.0
M25 ioc“?nr&zf nfng 462.7 0.161659402 0.523529138 0.013672863 13.47420358 0.433455542 0.186196587 0.00073114 2714.04 57.9 271325 305 270791 65  -0.2
M26 i)ocg\r?éigozonfng 2704 0.04279236 0.53126143 0.01391577 13.68374357 0.449234787 0.186476327 0.000821583 2746.70 585  2727.84 30.8 271048 73  -1.3
M27 ioc“?nrﬁiff nfng 166.8 0.052393279 0.512660327 0.013786392 13.21062483 0.434939904 0.186778536 0.000662802 2667.53 58.7  2694.11 30.9 2713.09 58 1.7
M28 inocuztrr]]glz: nfng 669.0 0.041009399 0.516976665 0.01352214 13.34954759 0.430903957 0.186878862 0.000515768 2686.24 57.2  2704.48 30.0 271410 45 1.0
M29 ioc“?nrﬁiff nfng 1301.2 0.279479085 0.523855694 0.013658557 13.50478422 0.434053786 0.18699156 0.000639407 2715.38 57.8 271535 30.3 271498 56 0.0
M30 inocuztrr]]glz: nfng 506.9 0.152183371 0.513190149 0.01361161 13.26300092 0.438401829 0.187007954 0.000728627 2669.93 57.8  2697.78 30.9 271507 6.4 1.7
M31 i)OcH\Te'igozonfng 141.3 0.041433973 0.526431531 0.013930558 13.54514102 0.438564159 0.1871118 0.000701232 2726.13 58.6  2718.06 30.2 271691 65  -0.3
M32 ioc“?nﬂiff nfng 603.6 0.151097372 0.51771029 0.013986363 13.59240352 0.469300707 0.187554751 0.000729849 2689.36 59.2 272141 323 2720.05 6.4 1.1
M33 ﬁf’c“/rf.tﬂc;ff nfng 4481 0.084732652 0.535390653 0.014103628 13.97336527 0.464123813 0.187561834 0.000717341 2764.07 59.1  2747.70 312 272011 63  -16
M34 ioc“fnﬂiff e 233.6  0.103112748 0.509107275 0.013568015 13.20955293 0.432559762 0.187619553 0.000662914 2652.60 57.9  2694.37 309 272056 5.8 2.5
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Ages
Fraction Description u u/ 206pp/ h H' 207pp/ b H' 207pp/ b H' 206pp/ B H 2Pp/ B H 207Ph ) Disc.
(ppm) Th 238/ 23 206pp 238 23 206pp (%)
20 um, nozoning
M35 loc. Alt halo . 38.7 0.003945322 0.497228222 0.052465724 12.91827511 1.470518017 0.18753094 0.007728031 2600.37 225.9 2665.32 110.3 2724.79 61.1 4.6
M36 IZO?:HE}T%Z:HTHQ 295.6 0.125780116 0.513045034 0.013666261 13.41411987 0.445636537 0.188345135 0.000890068 2669.50  58.1 2708.95 31.1  2726.90 7.8 21
M37 i)(z:ym‘t?lglzc?nfng 2214 0.031596019 0.529975174 0.055394188 13.77093332 1.459176691 0.188399521 0.001284696 2739.99 230.8 2731.95 97.0 2726.93 11.2 -0.5
M38 IZO?:HE}T]C;'Z:HTHQ 230.6 0.031432031 0.508668367 0.052542462 13.28940082 1.388585566 0.188392749 0.001876578 2650.91 224.8 2700.27 98.4  2727.00 16.3 2.8
M39 i)(z:ym‘t?lglzc?nfng 286.7 0.183553804 0.507875452 0.013209897 13.19199283 0.421543235 0.18848603 0.000542029 2647.43  56.5 2693.30 30.1  2728.16 4.7 3.0
M40 IZO?:HE}T]C;'Z:HTHQ 304.0 0.085238285 0.516352607 0.013377644 13.49517315 0.434624797 0.189361794 0.000878604 2683.67  56.8 271483 30.4  2735.74 7.6 1.9
M41 IZO?:HE}T%Z:HTHQ 399.2 0.014523163 0.533660348 0.013746617 13.95585972 0.444611268 0.189619314 0.00058412 2756.84  57.7 2746.64 30.1  2738.05 5.1 -0.7
M42 E%H\Téigozonfng 247.8 0.009666308 0.543065219 0.014116461 14.34823282 0.46547399 0.191503215 0.001051356 2796.23  58.9 2772.85 30.7 2754.18 9.0 -15
M43 i)ochl’tr;(;z:nfng 214.1 0.068626878 0.503287141 0.014209073 13.57228648 0.524709637 0.193026085 0.001975081 2627.50 60.8 2718.53 36.2 2766.59 16.5 5.0
M44 i)?:exllt?lzlzc?nfng 234.4 0.015707611 0.53082515 0.054853531 14.37036774 1.506462918 0.194834387 0.002345867 2744.89 231.0 277421 99.9 2782.12 19.8 1.3
M45 i)ocu/z:t Eglf)omng 139.8 0.016138732 0.510316311 0.052826626 13.90554107 1.470249224 0.196094133 0.002983147 2657.79 225.2 2742.09 98.4 2791.45 24.7 4.8
Monazite in HBV
10 pum, zoning

M1 loc. Alt halo 1276.7 0.016125006 0.50561323 0.052218597 13.10219542 1.368811209 0.186547248 0.001209064 2637.85 223.3 2686.88 98.1 2711.02 10.7 2.7
M2 icl)tw:fozoned’ oc 230.1 0.00309638 0.553956909 0.05733894 14.41906955 1.505303604 0.188287553 0.001035104 2841.30 238.4 2777.37 99.8 2726.18 9.0 4.2
M3 i\(l)tl;lrgl’ozoned, oc 291.1 0.002120697 0.533125512 0.101465044 13.88880139 2.651112877 0.188488081 0.001862457 2669.41 394.0 2653.58 156.2 2727.39 16.3 21
M4 icl)tlllwrgllozoned’ o 161.0 0.003152104 0.497154075 0.051589351 13.01540292 1.366561913 0.189175304 0.001628462 2600.94 221.2 2679.57 985 2736.10 15.3 4.9
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Ages
Fraction  Description U u/ 206ppy/ B H 207Pp/ B H 207ppy/ B H  206Pp/ B H  2Pb/ 5 H 20Pp/ p H Disc.
(ppm) Th 238/ 235 206Ph 238 235 206ph (%)
Monazite in SRV
20 um, nozoning

M1 loc. Alt halo . 217.6 0.010944553 0.507054101 0.013159162 13.52324269 0.434328811 0.192702758 0.000832781 2643.96 56.2 2716.64 30.3 2764.32 7.1 4.4
M2 Izo?:H\r/ne’ilrw]ozonfng 294.8 0.025284907 0.516283234 0.013847872 14.21773118 0.468401702 0.199244082 0.001153159 2682.90 58.9 2764.89 324 2820.05 9.8 4.9
M3 E%H\Téirqozonfng 305.7 0.01603761 0.516774012 0.013365157 14.02470246 0.448921673 0.196616642 0.000758276 2685.48 56.8 2751.35 30.2 2797.54 6.3 4.0
M4 Izo?:H\Téilrwlozonlng 315.8 0.015814695 0.505538186 0.013079667 13.29321439 0.424490397 0.190062016 0.000716507 2637.52 56.0 2700.58 30.0 2741.81 6.2 3.8
M5 i(l)t%rgl‘ozoned‘ e 1626.1 0.055811913 0.51695714 0.013442114 13.23688907 0.422047221 0.185307542 0.00040982 2686.24 57.1 2696.66 30.1 2700.19 3.7 0.5
M6 i(l)tL;Ql,OZOﬂed, oc 2107.8 0.090605727 0.507394653 0.01311893 12.99095723 0.412224684 0.185317702 0.000418659 2645.49 56.1 2678.98 29.8 2700.29 3.7 2.0
M7 i(l)t%rgl‘ozoned‘ e 1493.5 0.042251684 0.516427129 0.013369376 13.23543137 0.420753553 0.185522725 0.000404486 2684.00 56.9 2696.57 30.0 2702.11 3.6 0.7
M8 i?tirglyozonEd’ oc 1734.2 0.084310199 0.491827224 0.012724472 12.60922816 0.400016949 0.185530132 0.000422161 2578.50 55.0 2650.81 29.9 2702.17 3.8 4.6
M9 ,ZA(I)tirglyozoned, e 526.0 0.028600315 0.509601954 0.013215793 13.08921469 0.417035355 0.185896579 0.000462467 2654.84 56.5 2686.58 31.7 2705.40 4.1 1.9
M10 i(l)twgllozoned’ e 680.6 0.026185301 0.496821198 0.012916721 12.77570009 0.407462451 0.186104003 0.000404603 2599.99 55.5 2663.07 29.8 2707.27 3.6 4.0
M11 ,ZA(I)tirgl’ozonedy_ e 1070.1 0.035889003 0.491937889 0.012869144 12.6636157 0.406755318 0.186148256 0.000407937 2578.87 55.6 2654.65 30.1 2707.66 3.6 4.8
M12 E%HQI}?]C;T;WHQ 537.8 0.022018479 0.504418694 0.013274713 13.00700845 0.422412858 0.186319774 0.000818182 2632.65 56.6 2679.94 30.3 2709.05 7.2 2.8
M13 ,ZA(I)tirglyozoned, e 810.0 0.034580114 0.50649402 0.013816588 13.11530617 0.428181577 0.186476865 0.000641136 2641.52 59.1 2687.87 30.8 2710.56 5.7 25
M14 i(l)t‘;lrgl’ozoned’ e 497.8 0.019998295 0.528241163 0.014364311 13.61703195 0.446116254 0.186479986 0.000437802 2733.39 60.2 2722.79 30.5 2710.59 3.9 -0.8
M15 icl)tlfl]rgllozoned" oc 1521.7 0.039093648 0.505593344 0.013131939 13.03699321 0.414661568 0.186687826 0.00042487 2637.78 56.2 2682.31 30.0 2712.43 3.8 2.8
M16 i)(?m’t?l(;lzc?nmg 504.7 0.020606641 0.506937573 0.013147393 13.18384373 0.427249235 0.187219634 0.001239666 2643.53 56.2 2692.77 30.5 2716.89 10.9 2.7
M17 icl)tlfl]rgllozoned’ oc 1142.6 0.037137121 0.494695281 0.013089738 12.82643301 0.419552193 0.187193925 0.000431794 2590.77 56.3 2666.57 30.3 2716.90 3.8 4.6
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Table 3. Continue
Ages

Fraction  Description U u/ 206ppy/ B H- 207Pp/ B H- 207ppy/ B H  206Pp/ B H  2Pb/ 5 H 20Pp/ p H Disc.

(ppm) Th 238/ 235 206Ph 238 235 206p (%)
20um, zoned, loc.

M18 Alt halo 698.9 0.025646241 0.505944941 0.013093792 13.11186687 0.417060481 0.187525711 0.000443919 2639.29 56.0 2687.72 30.0 2719.81 3.9 3.0
20 um, zoned, loc.

M19 Alt halo 848.5 0.028204869 0.505439461 0.013110134 13.40071981 0.436161062 0.188196576 0.000628142 2637.12 56.1  2708.26 30.7 2725.71 5.5 3.3

Notes: LCV, Laminated crustiform vein; HBV, Hydrothermal breccia vein; SRV, Sulfide rich vein
Loc., Location; Alt., Alteration; Disc., Discordance
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TIMS U/Pb age obiversion stock

Sample21GJF0027Aof the Diversion stockonalitewas collected along the western
margin of theMarmion Batholithbeyondthe alteratiorenvelopeof the Hammond Reef depasit
The samplés a coarse grained porphyritic tonahktéth weak sericite and chlorite alteratigh
heavy mineral concentratem this samplgielded mostly pyritevith 180tiny, colourless to
medium brown, altered zircenThe zirconsrecloudy and locally staine® of thehigher
guality grainshavestraightcrystalfaces with square crossectionsand short (~2:1) clear prisms
(Fig 23).

Results for threehemically abradedsingle grain fractionseturneduniform resultstwo
of thethreefractions aregerfectly concordat (Z1, Z3 andyieldeda weighted average
207PpPo%%Pp age of 2890.2 + 1.0 MAable 4) A third fraction (Z2) is slightly discordaandlies
on a poorlydefined secondary Flbss trajectorywith an upper intercept age of 2889.0 + 2.2, Ma
whichis consider less reliable than the age for the two concordant points laloag an

imprecisdower intercept age of 1662 + 390 Méthout geologicalsignificance



Table 4: Zircon U-Pb isotopic data fdDiversonstock tonalitic intrusion, Hammond Reef area.
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Ages (Ma)
Fraction Description U Pb Phc Th/U  208pp/ 206pp/ +2 207pp/ +2 207Pp/ +2 20pp/ +£2 201Pp/  +£2  20Ph/ +2 Disc.
(pm)  (p9)  (pg) 2oPb 2 Gy 20%Pb Gy Gy 20%Pb %)

21GJM027A;Diversion stockcoarsegrained tonalite (607308E,
5419217N, Zone 15U).

1 clr, cls, dbiterm
Z1 pr 229 155,71 0.30 0.687 27751 0.566095 0.001318 16.23705 0.04315 0.208026 0.000175 28918 54 28909 25 28902 1.4 -0.1
Z2 1 clr, cls, sm shard 176 50.72 0.22 0.629 12468 0.561396 0.001318 16.02649 0.04298 0.207046 0.000179 28724 54 28784 26 28826 14 0.4

1 clr, 3:1 dblyterm
Z3 pr, cldy tips 160 110.68 0.41 0.771 14275 0.566315 0.001402 16.24338 0.04532 0.208026 0.000184 2892.7 5.8 2891.2 2.7 2890.2 1.4 -0.1
Notes:

All analyzed fractions represent best optical quality (craoklusion, corefree), fresh (least altered) grains of zircon. Zircons were chemically abraded (matiéieilattinson, 2006

Abbreviations: Z zircon; clr- clear; cldy- cloudy; cls- colourless; dblsterm- doubly-terminated; pr prism/prismatic; sm small; X:Y - length:breadth ratio.

Pb' is total amount (in picograms) of Pb.

Phc is total measured common Pb (in picograms) assuming the isotopic composition of laboratory blank:-2A@548340.4%; 207/204 15.59+ 0.4%; 208/204 39.36+ 0.4%

Pb/U atomic ratios are corrected for spike, fractionation, blank, and, wheessary, initial common Pb; 206Pb/204Pb is corrected for spike and fractionation.

Th/U is model value calculated from radiogenic 208Pb/206Pb ratio and 207Pb/206Pb age, assuming concordance.

Disc. (%)- per cent discordance for tigezen 207Pb/206Pb age.

Uranium decay constants drem Jaffey et al. (1971).
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2.5 Di scussi on

2.5.1 Structural Interpretation

Shear zones and faults in the northern and southern domains haveNtl#ends and
kinematic deformation historyn the northern domain, tigawbill veinfills andis parallel toa
NNE-striking shear zoné heanticlockwise rotation of the foliation and veins within the shear
zone and the presence of dilatationalfpping jogs suggest sinistral transcurrent movement
along the shear zon€&he foliation is only present within ttehear zone, where it is oriented
oblique and clockwise to the walls of the shear zone, suggesting that it formed as a mylonitic S
fabric during shearingl'he striations along the laminated Sawbill vein are subhorizontal and
perpendicular to the common énsection line between the foliatiandthe vein, further
suggesting that the laminated vein formed as a shear vein during transcurrent movement along
the shear zond-{g. 12). Other narrow quartz veins are oblique to both foliation and laminated
vein butshare the same common intersection lirfeeir orientatior(i.e. 70° anticlockwise of the
laminated vein), opespace fillingvuggytextures, and wedgée tapering, are consistent with
their formation as extensional veins during sinistral transcurremément along the shear zone.
Sinistral transcurrent shear indicators are further observed alongfdhiingfaults and shear
zones in the southern domain, as exemplified on Outcrop #5hg#d drag folds, sinistral
shear bands, and the rotation of fibieation along the margin of the quartz vein filling the shear
zone. As the vein contains foliated fragnsaftthe host roclout predates the dragging of the
foliation along its marginthis suggest thatit was emplaced during slgndthe formation othe

foliation along the shear zone, similar to the Sawbill vein.
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Seridtization alongshear zonebeganduring earlybrittle faultingprior to ductile
shearingFaultsand fracturesocalized the flow ohydrothermafluids, which reacted withthe
host tonalitdo produce sericitsealing the faultBecause sericite is a weak minefatther slip
along the faults was accommodabsdductile shearing instead of brittle faultifighis process,
which is called fluidrock reactiorwedening,was responsible for the evolution of early brittle
faults into the ductile Marmion shesystem(Backeberget al, 2016).Ductile shearingesulted
in the formation of mainternalshear zonéoliation (S-fabric) andreducedhe permeabilityof the
shear zones. &ludions inpermeabilitycausedncreags in fluid pressurs, whichcan be
enhanced byhe influx offluids at depth and their upward migratiatong the shear zones
(Gratier and Gueydan, 2007; Wintsch et B995).Theincreassin fluid pressursand stresses
across the shear zonemused brittle failure and the formation of throwgiing fadts, which
weresealed again btheformation ofmorealteration minerals, compaction, atie deposition
of hydrothermal mineral€yclic changes in fluid pressures, permeability, and stregsess
faults and shear zonegplainthe formation of orogenic gold deposi®ng major faults and
shearzones as conceptualized itme fault valve modedf Sibson et al(1988 (seealsoRobert et

al., 1995andCox, 1999 2010 2020.

Shear zones and faults in the central domain differ in orientiibonthose in the
southern and northern domains. They trend BNE&s the central domain represents a
contractional bend or jog between tHBE trending southern and northern domairige central
domain likely originated as a sdihked stepover zone between the underlappiranscurrent
shear zones and faults of the southern and northern domainevétepnes are areasf more
evenly dstributed strairand arecharacterized by the formatiarf fracture networks, folsland

secondorderfaults Parchell and Evans, 2002; Micklethwaite, 20T0)e central domain
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evolved into a hartinked stepoverzoneby the formation of throughoing fauts that linked
the southern domain with the northern domain. Thus, the central domain repadsamt
linked, right-stepping, contractional spgeover zone between the sinistral transcurrent faults of the

northern and southern domain.

Although goldbearing veingormed during shearing along NNEending faults and
shear zones in the southern domain (Gold Mine Island) and northern domain (Sawbill prospect),
the bulk of the mineralizatiofHammond Reef deposibccursin the central domairaultand
shear zonéinkage &ross stefver zones can be significantlocalizing permeabilityand
enhancindluid flow and mineralization in fautelated hydrothermal systems (Cox, 2020).
Along the MS5, the cleavagés ENEstriking across the three structuddmain, which is
consistent with sinistral shearing along the Ntkhding shear zones and fauwfghe southern
and northern domains and with compression and increased contraction across the central domain.
Increasd compression angormal stressaossthe central domaiduring bulk NNW shortening
increased compaction and permeability reduction in the host iGoksersely, it increased
fracturecontrolled permeability through the formation of fracture netwaidgsresented by the
syn-deformation hydrotérmal brecciasand the formation of linkingecondordersinistralfaults
and reverse faults in which tlsballowly-dippingthick quartz veins with diparallel striations
were emplacedilation and increased permeability in a contractiona) gagh ashe central
domain,may occutthroughin-fault dilation associated with slip on irregular fault surfeaed
dilational fracture growth driven by increadtuid pressureresulting inthe formationof

extensionaleinsand dilational breccias (Co2020)
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During major earthquakes, contractional jogs or-stegr zones may impede the
propagation of faultsThe stresss thentransferredrom the main fault$o the stepover zones
resulting in the localization of minoupturesandaftershocks in thse zones (King et all994;
Coxet al, 2004 Micklethwaite andCox, 2006; Micklethwaite2010. In addition fluid
reservoirs may be breached during seismic ruptures along the migérrésulting in the
injection of highpressure fluid pulses affidrtherrupture of strestoaded secondrder faultsan
the stepover zones (Cox, 2010, 2016, 202Rgpeated shear failure and ruptuasg the main
faults may have reswatlin the cyclial formationof the goldbearing extensional veins,
hydrothermal brecciagndfracture arrays the stepover zone hostinthe Hammond Reef

deposit

A similar structural settings reported fothe St. lves deposit in the Yilgarn craton
Western Australia. This world renown depdss aneasured and indicateesource estimataf
5.17Moz of gold(Gold FieldsUpdated Mineral Resourc2018. The bulk ofthe mineralization
is hosted by low disptcement faults and shear zones with20 kn? contractioral jog, called
the Victory jog locatedbetween two major sinistral transcurrent faults: the Botll@éroy and
Playa faultgNguyen, 1997; Cox and Ruming, 200&olddepositionand fluid flowoccured
along the low displacement structures during aftershdeien by major slip events along the
BoulderLefroy and Playa fault@Coxet al, 2001;Cox and Ruming, 2004TheHammond Reef

deposit occupies a similar structural setting and thus may have formed by similar processes.
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2.5.2 Alteration and Mineralization Interpretation

Orogenic gold systems form during the main orogenic event in a deformed terrane. They
have the followng general characteristics: a spatial association with major faults/shear zones,
intense carbonate aséricite alteration, high Au/Ag ratios and Ag, W, B, A& metal
concentrationgPhillips, 1986; Robert and Brownl986 Workman 1986 Proudlove et aJ.

1989 Groves and Goldfarb, 199Bpulsen et al200Q Legaultet al, 2006).Becausemajor
faults/shear zones act as condtotsthe upward migration dioth hydrothermal fluids and
melts, intrusiorrelated gold deposits may be spatia$sociated with orogenic gold deposits
(Hattori, 1987; Robertand Poulsen2001; Duuring et al., 2007; De Souza et al., 2015). Some
may even be hybrid deposits with both orogenic and intresi@tedorigins (Bigot et al., 2015;
Mériaudet al., 2017; Mdtieu, 2021 McDivitt et al, 2021) others are solely intrusierelated or
orogenic gold deposits batayhave experienced more than one mineralization/remobilization
events fartin, 2012; Zhang et al., 2014qterpretingthe origin of gold deposits alomgajor
faults and shear zones can therefore be challemgioguse intrusierelated and orogenic gold
deposits may occupy the same space and multiple mineralization events and overprinting

deformation and remobilization events may obscure how the defoysiisd.

Two mineralization events with distinct alteration envelopes, metal association and
alteration mineral chemistry, coexist within the Hammond Reef deposit. The first mineralization
event is represented by the LCVs. The LCVs have an alteratiootdg-rich chlorite and
fine-grained sericite, which is also characteristic of the witiwrite-carbonate (xsericite)
alteration present across the Hammond Reef defdwtlatter has been described on outcrops

#3 where it is overprinted by the secanitheralization and alteration eveiithe alteration halo
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of the LCVsshowsa mass gain in Ni and a mass loss in As; however, both Ni addfike the
primary growth bands in pyritédu, Ag, Te, Pb, Sn, Bi, Co, W aenriched along fractures and
areassocated with a second generation of inclusrarh pyritewhere theytikely precipitatedn
pores created during dissolution of the zoned pyrite. The metals were either liberated during
coupleddissolution of the zoned pyrite and precipitation of the metatisd newly created pores
andfractures (Larocque et al., 1995; Fougerouse et al., 2Uafnerat al., 2016; Hastie et al.,
2020), or wergrecipitated from an external metath fluid. The LCV are folded and
overprinted by the regional cleavage and thus represent eithetexfmaic, possibly intrusien
related, mineralization event, or an early,-$gctonic, possibly MS$elated, miner&ation

event.

The second anchainmineralization event is represented by the-B\8S hydrothermal
breccias, the quarzarbonatechlorite veins, and localizezkricite (xcarbonajelteration
associated with the veins, faults and shear zones. Thedditesetonalite incurred mass gains in
K, Ba, S during their sericitization and Bdhtion, which are common alteration processes
associated with orogengold deposits Phillips, 1986; Robert and Brownl986 Workman
1986 Proudlove et al1989 Grovesand Goldfarb, 1998oulsen et al200Q Legault et al.
2006).Early Ni-As-Co-zoned pyrite is replaced by inclustoch pyrite and fractures enriched in
Au, Ag, As, Te, Bi, Pb, as observed for pyiitehe alteration halo of the LCV, but lack the
enrichment in magmatophile W, Sn associated with the latter. Gold is present as micro inclusions
in pyrite and as disseminations along pyrite and silicate grain boundeaatsresand cleavage
(Kolb, 2010; Backeberg, 201his study. Thus, gold wagitheremplaced lateuring this event

from gold-rich fluid pulses omwasdeposited early and later remobilizearing tre sameevent.
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Theageof mineralization at the Hammond Reef dep@sitonstrainedby the
emplacement aheDiversion sockat289.2+ 1 Ma,whichis similarto SHRIMP U-Pbzircon
ages of 2893 + Ma for tonalitic intrusionsalong the northern margin of tivarmion Batholith
(Bjorkman, 2017)and theemplacement ofa.2735 Ma gabbroimtrusions (Stone, 2010)
which cutacrosghe Z730-2930Ma Steep Rock GroufStone, 2Q00). These intrusions amafset
andoverprintedby the MSS and thus provide a maximum age for mineralizat®minimum
age is constraindoly the analyzed monazite grains withimeralizedveins and their alteration
haloesMonazite is particularly useful in datiftydrothermal systems due to a high thermal
resistancef 5008 00 C and successive growt hudgener ati on
composition and agé&Mmith and Giletti, 1997; Crowley et al., 1999; Wins et al., 2002).
Monazitegrains range in agieom 26901 2720 Mawith the highest U analyses clustering at
~2700 Ma, which represent the best estimate on the age of gold lmateva at Hammond
Reef. Thisagecorrespondsvith the main deformation event in the Wabigoon subprovince,
which occurred at c2690-2700 Ma duringaccretion of the Wabigoon and Wawa terranes (or
subprovinces) with the Winnipeg RivBlorth Caribouerrares Corfu et al., 1992; Percival et

al., 2006;SanborrBarrie and Skulski, 2006; Ma et al., 2022).

The onlydetailed study conductechdhe HammondReef deposit is by Backeberg
(2015) as part of his PhD thesis. Backeberg (2015) suggested théi-trending MSS, which
hosts the Hammond Reef deposit, formed along the contact betweafatineion Batholithand
the Finlayson greenstone belt before the emplacement Bitkesion stockalong this contact.
It lay dormantfor 100-200Ma prior to itsreactivation as a pure shear high strain zone during
boundarynormal NW-SE shortening and coeval dextral slip along tHeesBdingQuetico fault

However, theMSS is dragged into th@uetico faultwhich indicatesthat coeval deformatiois
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notlikely. Furthemore, aparfrom theimportant observatiothat the MSShnitially formed as
brittle faults that overprint thBiversion stocktheinterpretation by Backeberg (2015) clashes
with current understanding of orogenic gold systemtsch invokes the migratioaf large
volumes of hydrothermal fluids with low gold concentrations (Tilling et al., 1973; Kwong and
Crokcket, 1978; Kerrich, 1991; Gohth and Groves, 2015) along magiructures such as faults
and shearones that remain permeable through repeatetivaion and seismic slip along those

structures (Sibson et.all988; Roberts et al., 1995; Cox, 1999, 2010, 2020; Sibson, 2020).

2.5.3 Comparison tamthergold deposits in the Wabigoaubprovince

Hammond Reef is one fif/e significant gold deposits the Wabigoon Subprovince®f
the four other significant gold deposits, two of them, that is, the Goliath and Rainy River
deposits, are symolcanic, and the other two, ti@oldlund deposit and Hard Rock Mirere

orogenic golddeposits

The synvolcanicGoliath gold deposik locatedin the Western Wabigoaerrane andhas a
measured and indicateesource estimate 4f23 Moz of Au and 3.8 Moz of A@lreasury
Metals Inc. press release, 202djneralizationis associated witla felsic volcanigsill or flow
dated at 2703 Mwithin aturbiditic sardstone and mudstorsequencef similar aggMcRae
2022).1t predates regional deformation and is interpreted as parsyfvolcanic system
(McRae, 2022)TheRainy River deposin thewesternWabigoonhas a measured and indied
resource estimate of 6Moz of gold (New Gold Inc. website, December 20 Mineralization
is hostedn a calealkaline dacite to rhyodacite complex surrounded by tholeiitic basalts.
Mineralized zones are oriented parallel to the nbedtonicfoliation in the areandhigh grade

zonesplunge parallel to a strorgiretching lineatiomlong this foliationMonzonitic dikes
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which cutacrosamineralization andaweakly mineralized colrent dacitelow or sill, aredated
atca.2693Ma andca.2717Ma, respectively J-Pb zircon;Pelletier et al., 2016 hese ages,
structural overprinting relationships, and the style and spatial zonation of alteration and
mineralization, suggest thRainy River deposit agold-rich volcanogenic massivaulfide

(VM S) deposit(Pelletier et al., 2016)

The Hard Rock mine in the eastern Wabigoon subprovince has a resource estimate of 6.4
Moz gold (G Mining Services, 2016). Mineralization is hosteithin apanel of< ca.2700Ma
turbiditic sandstongoolymictic conglomeratgbanded iron formatiorand youngeca.2694Ma
feldsparquartz porphyy intrusions Gold was emplaced during two separate events. The first
mineralization evenwhich is expresseby quartzcarbamate veins and theaiteration halo,
occurred duringinearly Dy thrustingevent which postdates the emplacement of the feldspar
guartz porphyry and predatge emplacementf the2690 + 1 MaCroll Lake StockToth, 2019;
Toth et al., 202). Thus, it is similar in age (ca624Ma'i ca. 269 Ma) to thatof gold
mineralization at the Hammond Reef depdBite second mineralization eventissociated with
tourmaline and quartzarbonate veinthatwere emplaced during a lategrenal folding and

shearing evenfT¢th, 2019; Téth et al., 2022)

The Goldlund deposit in th@esternWabigoonsubprovince occupies a wide shear zone
similar in orientatiorand shear sense the MSS. lhas aneasured and indicateelsource
estimate ofl. Moz of Au (Treasury Metals Inc. website, October 2022neralizationwas
emplaced within competent granodioritic and gabbroic intrusions during sinistral transpression
along the NErendingManitou Dinorwic deformation zone (McCracken, 2019; Zammatl et

2022).Mineralization is youngein age tharthatat the Hammond Reef deposit and was
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emplaced during two evesdtiated at ca2672to ca. 2626 Ma and ca590Ma to ca.2580 Ma
(U-Pb xenotimeZammit et al., 2022)Sinistral transcurrent movement on anotimajor NE-
trending shear zone, the Miniss River faidtdated at c&2681 Ma Bethuneet al., 2006).
Although no significant gold deposits have been located along this fautteN&@ing sinistral
faultsand sheazoneswithin the western Wabigoon underwentiltiple shearingand
hydrothermakvents andretherefore highly prospective structures for the discovery of new

gold deposits.

26 Concl usi ons

The Hammond Reeafepositformed along a contractiahstepoverzonebetween two
regional sinistral transcurrent fautisthe MSS Compression acrossistzoneresulted in more
fracturing that localize thisrmation of breccias, thmigration of hydrothermal fluidandthe
precipitation anaoncentration of goldhineralization Stepoverzone may control
mineralization and the formation of vein systeas pulses of higpressure fluids originating
from breached fluid reservoirs along the main transcurrent fanésjected in the stepver-
zones creatng breccias and reactivag fractures and fault@vicklethwaite and Cox, 2006;
Micklethwaite et al., 2010)What cause the formation and localization of steperzones
requires further research. At the Hammond Reef deposit, thechémiife-carbonate alteration
may havechanged the mechanical propertieshaf rockscreating a large zone of weakness
which arrested the propagation of the main transcurrent faudtsesukdin the formation of a
stepoverzone. Although speculativéhis hypothesis may help explain the location of gold
deposits along the major NiEending faults and shear zones that transect the Wabigoon

subprovince.
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Figure 1: Outline of the subprovinces and terranes of the Superior Province (Wheeler et al.,
1997; Montsion et al., 2018), with inset map to the top left showing the location of the Superior
Province in North America. The HammoReef deposit is represented by as&, and yellow
circles are for geographical reference and represent the communities of Red Lake and Thunder
Bay.
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Figure 3: Map of the southern domain showing the MSS, with structural measurements and

important outcrops discussed in text shown as filled red circles. Contours on upper stereonet

diagram are ir2% of total datgoints per 1% areaf the stereonet plots. Foliation, shear zones,

conjugate faults and veins are plotted as poles. Number of measurements and average orientation

of the plotted structural features at the bottom right of the stereonet plots. NAD83L5N

UTM coordinates.
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Figure 4: Field photographs from Gold Mine Island in the southern domain. a) Zone of elosely
spaced sinistral fractures with sericite alteration halos delineated by broken red lines. Quartz vein
(blue lines) is sinistrally offset along the fractures (broken red lines). Camera cap (5.8 cm in
diameter) for scale. b) Closg photograph of sinistrally offset quartz vein (blue line) in (a).
Fractures are represented by broken red lines. Camera 8@m(fb. diameter) for scale. c)

Quartz veins (solid blukne) bisecting the angle between two sets of sericite altered shear
fractures (broken red line) forming bridges between two fractures (broken yellow lines). Camera
cap (58 cmin diameter) for scalal) Foliation (solid red line) defined by sericite alteration. Ser

= sericite; Carb = carbonate; QCC = quardzbonatechlorite.
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Figure 6: Field photographs and photomicrographs from Outcrop #5 in the southern dajnain
Sericitic foliation (solid red line) dragged in anticlockwise manner along quartz breccia vein.
Camera cap (B.cmin diameter) for scale. b)§haped drag folds along contadail{@ black line)
between medium grained tonalite and fine grained tonalite. Photo carch{®$ length) for

scale. c) Foliated host rock fragments within breccia vein. Foliation is represented by solid red
line. d) Photomicrograph of porphyritic tonaltemprised dominantly of quartz and feldspar.
Quartz shows undulose optical extinction, low angle boundaries, and irregular recrystallized
margins, and is surrounded by smaller recrystallized quartz grains and sericite. Crossed polars. e)
Photomicrographfdractured plagioclase with kink bands. Crossed polars. f) €lps# (e).
Primary muscovite partially replaced by firgmained sericite showing a sigmoidal mica fish
geometry indicative of sinistral movement. Crossed polars. Plag = plagioclase; @#z g

Photograph locations are shown on Fig. 5.
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Figure 7: Map of the central domain with the MSS represented by the blue horizontal line
pattern. Stereonet plots of poles to foliation, shear zone, conglyzde fractures, and veins.
Number of measurement (n=) and average orientation of structural feature to the lower right of
the stereonet plots. Contours are in intervals of 2% of the total data points per 1% area of
stereonet. UTM coordinates NAD83 ZoneNL% CV, laminated crustiform veins; HBV,
hydrothermal breccia veins; QCC, quartz chlorite carbonate veins; SRV, sudfidesins.
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Figure 8: Map and fieldphotograph®f outcrop #3. See Figure 7 for location of outcrop. a)

Detailed map of outcrops #3. Map shows-lip (blue lines)and sinistral strikeslip (red line)

shear zones located-between two strong lineaments representing nsjear zones. UTM
coordinate?NAD83 Zone 18. Location of field photographs 8b, 8c, 8d shown on maf: b

fabric (S) dragged along sini sPercilgdl®4csmimear band
length) for scale; c) Dyparallel slickenline (red arrow) along the walleo$hallovy-dipping

vein.d) Shallowlydipping vein outlined by blue solid line.
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Figure 9: Detailed geological map of the Hammond Reef showihigh is representative dfi¢
Hammond Reefleposit.See Figure 7 for location of outcrop. UTM coordinates NAD83 Zone
15N. Encircled numbers andtters 1@ to 10d refer to field photographs shown in Figure 10.
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Figure 10: Field photographs from central domad) Laminated crustiform vein (solid blue

line) with a chloritecarbonate rich alteration halo (dashed blue line), Hammond Reef prospect.
Photo card (& cmin length) for scale; b) Shanpalled hydrothermal breccia vein (solid blue
line) with sericite zcarbaate alteration halo (dashed blue line). Photo ca&ldi&in length) for
scale; c¢) Irregulashaped hydrothermal breccia vein with foliated fragments with the foliation
represented by solid red line. Photo car8 @nin length) for scale; d) Stitle-rich vein with a
sericite alteration hald?hoto card (8.5 cm in length) for scad¢.hydrothermal breccia vein
surrounded by a stockwork of narrow quartz veins represented by blue lines; f) foliated
fragments within hydrothermal breccia. HBV, hydrothernraktbia vein. Photograph locations

are shown on Figure 9.
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Figure 11: Map of the northern domain showing extent and orientation of the MSS. Stereonet
plots of poles to foliation, shear zones, faults, and veins. Number of measti(erjeand

average orientation of structural feature to the lower right of the stereoneQuoteurs (1%

area) representing density distribution of poles to foliation, shear zone and veins forming syn

deformation at a 2% intervals. Conjugate faulesgaotted as poles. UTM coordinates NAD83
Zone 1.
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Figure 12 Detailed map of the Sawbill showing (outcrp) with stereonet showing the average orientation of the shear vein,

foliation, extensional quartzeins, and striation along the quartz vein. UTM coordinate NAD83 Z8Ne See Figure 11 for location

of outcrop.
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Figure 13: Field photographs of the Sawbill vein and outcrop in the northern doaja@uartilled dilational
jog or leftstepping stepovezone along shear zone indicating sinistral shear. Compassn(ih length) for
scale. b) Laminated Sawhbill vein. Compas3 ¢inin length) for scale. c) Sdiorizontal striations along shear
planes. Compass Qlcmin length) for scale. d) Sdhorizontal striations along wall of laminated Sawbill vein.
Compass (@ cmin length) for scale. e)-®liation dragged in anticlockwise manner along thlation
indicating sinistral shearing. Compas® ¢min length) for scale. f) Closep of ESEtrending extensional
quartz veins with coarse quartz fibers and vuggy centers. Compass ({1 length) for scale. g) ES&ending
extensional quartz vein dragged in anticlockwise manner along the margalaiimated vein. Compas9(1
cmin length) for scale. h) Extensional quartz veins crosscutting laminated quartz vein. Cor@pass (1

length) for scale. Photograph location is shown on Figure 12.
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Figure 14: a) Graphic log of drill hole (BR060) b) 1. LCV with chloritecarbonate alteration hapwesent in
drill hole BR-4035 2. QCC (solid blue line) with chlorite selvedges and sericite (zcarbonate) alteration halo
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(outlined by the lue broken lines) overprinting a chlortarbonate (xsericite) altered host rock, 3. HBV within
a zone of bleaching. Fragments outlined by blue broken lines, 4. Sericite (xcarbonate) altered porphyritic
tonalite, 5. Chloritecarbonate (tsericiteglteredporphyritic tonalite Modal percentage of minerals are visual

estimates. Gold concentrations are from Agnico Eagle Mines Ltd.
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Figure 15: Photomicrographs of thearly chlorite-carbonate (xsericite) and a late sericite (tca#be)
alteration(a) and (b) Plane polarized and cross polarized light microphotograph of porphyritic tonalite with
early chloritecarbonate (xsericite) alteratiofe) and (d) Plane polarized and cross polarized light
microphotograph of a QCC vein witheh chlorite selvedges in contact with sericite altered porphyritic



82

tonalite. (e) Sericite replacing chlorite in alteration halo of a QCC vein. Plane polarized light. (fugloke

(e). Plane polarized lighQCC, quartzchlorite-carbonate veinchl, chlorite, qtz quartz; sersericite
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Figure 16: Sericite mineral chemistrghowing trends in composition along different vein types found

throughout the Hammond Reddposit a) Ternary diagram for potassic dioctahedral micas from the Hammond

Reef deposit (afteFappert et al., 20)3AI" cations apfu are plotted against Fe Muylcations apfu calculated
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using 11 O. b) Binary plot of Si cations apfu versus Fe+Mg cations apfu. &muhcy plot of Si cations apfu
versus Al cations apfu. LCV, laminated crustiform veins; HBV, hydrothermal breccia veins; QCC,-quartz
chlorite-carlonate veins; SRV, sulfidech veins; Chicarbser, wider zone of chloritearbonatesericite

alteration on outcrop #3. Inset plots of sericite chemistry proximal (red) to distal (green) from QCC veins
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Figure 17: Chlorite and carbonate mineral chemisthpwing variations in composition along vein types found
throughout the Hammond Reef depo&d; Chlorite classification diagraafter Foster (1962¢alculated using
36 O. b) Ternarglolomiteankeritecalcite diagam with Ca, Mg, Fe cations apfu calculated based onL&C®,
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