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Abstract
The Maskinonge Lake fault islate NW-striking fault that occurs at a high angle to the

structural features of the geffoducing Goudreau Lake Deformation Zone (GLDZ) in the
Michipicoten greenstone belt. The fault is populated with zones ofdragte gold
mineralization along its strike amepresents an uncommon settingdosgenicgold deposits in
the Superior Provincdhree phases dault movemen{Dai Ds) are identifiedthat postdategthe
main structural features of the GLJR1i D3). D4 dextral shearing resulted in thetiation of the
Maskinonge Lake fault and the developmentaoit-parallel foliation.The fault was reactivated
during Ds sinistral progressive brittdductile deformation and included the emplacement of
steeply dippindault-parallelquartz veinarraysandextensionaén echelon veinStructural
analysis of theeveins showsthatstructures associated wibs deformationaresubvertical and
occurred during transpressidde sinistral faulting is responsible ftine breciation of earlier

features and1 km ofstrike-slip stratigraphialisplacement with little to no vertical movement.

The PineBreccia gold occurrence is found along the Maskinonge Lakedadltonsists
of rocksthathave undergone pervasive silica alteratigtihin the fault zoneThe centre of the
alteration halo contains a geldndcopperbearingfault-filling i ma i n . Botle therfalt and
main vein are located along the contacts of a-tkding Matachewan dykevhile gold
concentrations in the main vein are enhanced at the intersection between the Maskinonge Lake
fault and ENEstriking shear zoneJ hese structural controls providdditionalconstraints for
favourable sites of mineralization along late hagige transversdaultsand support these

structures as viable gold exploration targets.
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Chapter 1. Introduction
Orogenic gold deposits represent many of the largest gold deposits worldwide and are the

source of more than 75% of gold extracted throughout higiimjlips, 2013) The Superior
Province, which composes much of the Canadian Shield, is one of the {pgssting gold

regions in the worldColvine et al., 1988; Goldfarb et al., 2005)

The Michipicotengreenstondoelt is hosted in the southern margin of the Superior
Province(Card & Ciesielski, 1986andis an area witlsignificanteconomic potentialone which
hasbeen a subject of exploration and minogerationdor decade¢Sage, 1994 )Currently, the
Island Gold deposit, owned and operated by Alamos @olitainsan estimated.1 Mt of ore in
total reserves with an average grade of 10.1 g/t Au and an additional 7.9 Mt of inferred resources
with an average grade of 13.6 4li for an estimated total of 4.8 Moz of gqBourgeault et al.,
2022) Mineralization is associated with eastiking, steeply dipping vein systems occurring
parallel to stratigraphy within the regional higtrain Goudreau Lake Deformation Zone
(GLDZ). The main ore body plunges eastward, and is projected to intersaottimeest
striking Maskinonge Lake fault, a major britteictile structure with apparent sinistral motion
that displaces stratigraphy by over a kilom¢8age, 1994)Local gold enrichment and intense
hydrothermal alteration in zones along the fault imply that it functioned as a conduit for gold
bearing hydrothermal fluidéerkins, 2001)Although the Island Gold deposit exhibits
numerous similarities to other major orogenic gold deposits in the Superior Province, the
presence of late goloearing transverse structures occurring at a high angle to majonesist
striking shear zones ingompatible with the conventional genetic orogenic gold m@ighé &
MercierLangevin, 2020; Goldfarb et al., 2008nd may instead belong to a separate subset of

orogenic gold deposits. Despite their mineralization potential, these transverse structures have



been overlooked in previous exploration framewottksreforethe timing and structural controls
of these deposits are poorly understood. The Maskinonge Lake fault thus presents an excellent
opportunity to investigate late higingle faukhosted gold mineralizatian the vicinity of

major gold deposits.

1.1 Objectives
The primary objectives of this thesis are to (1) resolve the kinematics, extent, and

geometry of the Maskinonge Lake fault, (2) evaluate temporal and genetic relationships between
the local structures, alteration, and mineralization, and (3) incorporate the findings of this thesis
into the geological context of the Island Gold and GLDZAahetegrating the criteria for this

style of gold mineralization into the existing structural framework may lead to future exploration

of similar highangle structures in greenstone belts.

This thesis is divided into six chapters. Chapter 2 provides the geological context and
background for the Island Gold deposit and study area. Chapter 3 outlines the methods used in
this research. Chapters 4 and 5 summarize the results of field mappistgueharal analysis,
along with geochemistry and isotope signatures of mineralization. Chapter 6 discusses the
significance of these results as they pertain to the objectives of the thesis. Chapter 7 presents
conclusions and propositions for future waBkipplementary information is included in the

Appendices.



Chapter 2: Geological Setting
2.1 Superior Province
The Superior Provincg-ig. 2.1) is one of the oldest Archean cratons in the warld is

composedf terraneghat amalgamatetthroughfive north-south accretionary everftom 2.8

2.6 Ga(Percival et al., 2012}hough the exact mechanisrhcratonizations contentiousand
mayinvolve a vertical pluménduced componeriBédard, 2006; Harris & Bédard, 2014; Lin,
2005) The first of these collisions occurred between the Hudson Bay and North Caribou
terranes, with the latter acting as a nucleus from which the Superior Province deYeiotd

al., 2006; Percival et al., 2006)his was followed by the Uchian Orogeny from 272000 Ma
marked by the northward collision between the North Caribou terrane and the Winnipeg River
terrane during southwesipping subduction that was followed by penetrative deformation and
brittle-ductilefaulting (Bethune et al., 2006Theamalgamatiorf the Wabigoon terrane onto

the developing Composite Superior Superterrane marks the Central Superior Orogeny at 2700
Ma (Percival et al., 2012plthough there is uncertairgypoutthe timing and nature of the

collision. The docking of the WawAbitibi terrane onto the Wabigoon terrane during the
Shebandowanian Orogeny is documenitgttanspressive deformation recorded in greenstone
beltsgeneratedetween 2685 Ma and 2680 Nfaorfu & Stott, 1998) The final accretionary
eventat 2680 Ma juxtaposed the Minnesota River Valley terrane onto the Composite Superior
Superterrane during the Minnesotan Orog@grcival et al., 2012pandis speculated thave

resulted irtherapid uplift of the Wabigoon platedRercival et al., 2004)
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Fig. 2.1: Simplified map of subprovinces of the Superior Province (modified from Card, 1990;
Percival et al., 2012). The Michipicoten greenstoneibdiighlighted in redAbbreviations: AC

- Ashuanipi complex; BRT Bird River terrane; ERB English River Belt; HBTT Hudson Bay
terrane; KU Kapuskasing uplift; LG La Grande domain; MB Minto block; MGB i
Michipicoten greenstone beMRVT 1 Minnesota River Valley terrane; NQTNorth Caribou
terrane; OB Opinaca belt; OT Opatica terrane; P Paleoproterozaicover; PB Pontiac belt;
QB Quetico belt; WATI WawaAbitibi terrane; WT; Wabigoon terrane; WRTWinnipeg

River terrane.



2.1.1 Orogenicgold deposits in the Superior Province
Orogenic gold deposits are often recognized by their genetic association with

metamorphosed supracrustal rocks (i.e., greenstone belts) and complex structural (Dstoées
& Mercier-Langevin, 2020; Goldfarb et al., 2008 reenschisfacies metamorphism under
brittle-ductile conditions is more favourable to the initiation of extensional/shear fractures and
veins than higher metamorphic grades, which is consistent with the widespread spatial
association between greenstdiedts and gold district§Soldfarb et al., 2005)These gold

deposits are often linked to desgoted, firstorder faults through second and thaxtler

structures in greenschist to lower amphibegjtade metamorphosed roqk3ubé & Mercier
Langevin, 2020)In a metamorphic model of gold mineralization, fluids are sourced from the
devolatilization of hydrated rocks during the greenschist to amphibolite transition durihig a P
path typical of orogenic bel{&aboury, 2019and thus are generally localized to convergent
margins during compressional or transpressional eyémtwes et al., 1998).inking gold

deposits to specific rock types is often discussed and remains contentious, although mafic and
metasedimentary rocks are particularly plausible sources of fofdkins, 2013)which are
leached by chloride or hydrogasulphidebearing fluidgGaboury, 2019)Complex fault

systems provide necessary conduits for the migration oflggdding fluids from deep
amphibolitefacies sources to upper crustal precipitation sites, and a wide variety of kinematic
settings have been recognized as hosts for major deposithvide (Vearncombe & Zelic,

2015) Although the metamorphic grade and fluid chemistry are important aspects of the
mobilization of gold, it is the crustal architecture and structural geometry that impart the most
critical control on developing favourable environments for orogenic goldralimation(Groves

et al., 2018)



Gold deposits across the Superior Province, particularly those within greenstone belts
across the Wawabitibi terrane, are predominantly recognized as@sogenic with north
south accretion events and are therefore controlled bivesstttrending, stegpdipping
structureskig. 2.2) subparallel to the terrane boundafigésckson, 2010; Leclair et al., 1993;
Percival et al., 2012; Wilkinson et al., 1999maller scale structural discontinuities (i.e.,
dilational jogs, tension fractures, etc.) along strike of these major deformation zones host the
majority of deposits and explain the variability of mineralization within a shear sySt@rine
et al., 1988)A significant amount of workglass orogenic gold provinces are found in
Neoarchean greenstone bdé{Boldfarb et al., 2001)nany of which exhibit evidence of fluid
movement through lateectonic major shear zon@Rercival et al., 2012However gold
deposits associated with structures at a high angle to these major shear zones may also be viable
for gold mineralizatior{e.g.,Lin & Corfu, 2002)and have been suggested as a potential

secondary class of orogenic gold deposit.
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Fig. 2.2: Distribution of major shear zones and gold deposits across the-Waitilai terrane
(modified from Leclair et al., 1993). Major gold deposit locations are retrieved from Percival
(2007) and Dubé and Mercieangevin (2020) The Michipicoten greenstone ball Goudreau
Lake Deformation Zone are highlighted in red. Abbreviations:K8I3Z i Big Duck-Killala

Lake shear zone; BCHZBear Creek fault zone; CLLFCadillacLarder Lake fault; GLD4
Goudreau Lake deformation zone; KLBXabenung Lake shear zond;SZ i Langdon Lake
shear zone; L$IFZ 1 Lake SuperiotHemlo fault zone; MLSZ4 Mishibishu Lake shear zone;
PDFZi PorcupineDestor fault zone; PLSE Puskuta Lake shear zone; WRWakusimi River
fault.

2.2 Michipicoten Greenstone Belt
The Michipicotengreenstondelt (MGB) is located within thevesternWawaAbitibi

terrane on the southern margin of the Supd?rovince Fig. 2.1) and isbounded by ake
Superior to the west and the Kapuskasing Structural Zone to th&agstet al., 1996The
greenstone belt consists mainly of supracrustal volcanic and sedimentary rocks along with
intrusive lithologies throughout the bekig. 2.3). The volcanic rocks can be grouped into three
distinct assemblagegif. 2.4), each exhibiting mafidelsic bimodal volcanisniSage et al.,
1996) These volcaniassemblagesave crystallization ages 8000 Ma, 2750 Ma, and 2700 Ma

based on zircon {Pb geochronolog{Turek et al., 1982, 1984, 199a@nd accordingly are



referred to as cyctel, 2, and 3. Regional deformation and subsequent greenfaciest

metamorphisnarepervasive throughout the greenstone {itidemeister, 1983)

The 2900 Ma cyclealso known as the Hawk assemblé@galliams et al., 1991)consists
of poorly exposed komatiitic flows capped by intermediate to felsic tuffaceous seq(®ages
1994) The dstribution of 2900 Ma rockthroughout the Michipicoteis limited, but their
komatiitic composition and spinifex textuiage, 1994listinguishthem from theyounger
2750 Ma and 2700 Ma cycles. Pillowed basaltic flows with minimal vealmle@danceuggest a
deep aqueous settifiyloore, 1965) Intermediatdelsic sequences of the Hawk assemblage are
alsospatiallylimited, andconsistof fine-grained crystal and lapilli tuff, implying ventdistal

depositionaknvironmen{Sage, 1994)

The second supracrustal cycle, the Wawa assem@iifams et al., 1991)is
isotopically datedo 2750 Ma(Turek et al., 1982andincludesvesicular, pillowed tholeiitic
mafic flows followed by intermediatéelsic pyroclastic rocks. These mafic flows exhibit greater
abundances of vesicles than the Haskemblagbasalt, suggesting a shallowing subaqueous
environment with progressive flow depositiiMoore, 1965) The mafic rocks areverlainby
intermediatéfelsic pyroclastiquartzfeldspar crystal tuff and extrusive intermediddsic units
transitioning from dacite to rhyolitgSage, 1994)The 2750 Ma volcanicycleis conformably

overlain by a regionally continuous bedded iron formation as thick 48200n(Sage, 1993)

Volcanism resumed at 2700 Ma with tholeiitic MandFe-rich pillowed flows aghe
initial part of the Catfish assembla@#illiams et al., 1991)Mafic suites are commonly
amygdaloidal, which isterpreted to imply either shallewater deposition or gasch terrestrial
volcanic flows(Sage, 1994)intermediatéfelsic metavolcanic rocks diie thirdcycle are

pyroclastic, composed of feldspar and quéetdspar tuff as well agolcanicbrecciagSage,



1993) The youngest supracrustal assemblage, the Doré metasediments, interfingers with the
2700 Ma felsic rocks and is likely sourced entirely from the Catfish felsic metavolcanic unit
during rapid crustal upliftCorfu & Sage, 1992)The metasedimentary belt consists of immature,
trondhjemite clasbearing conglomerates and figeained wackes and arkose, with primary

structures that are interpreted to reflect a subagueous envirof$aget 1994)

Previous studies have suggested the tectonic setting of the MGB as an island arc setting
(Sylvester et al., 198/7but evidence also suggests that volcanism occurred within a cratonic
setting(Sage et al., 1996Mafic intrusions throughout the Michipicoten afgronologically
correlated with th671 Malron Lake gabbrdTurek et al., 1990Q)postdating the Catfish

assemblage by approximately Bflion years

Early work by Goodwin (1962) recognized two major folding events followed by late
faulting, resulting in cros#lding of the stratigraphy and undulating fold axes overprinted by
parallel NNWstriking transverse faultdlore recent work has expanded this early interpretation
with the identification of the inverted Goudreau Anticline and areas of structural complexity
(Arias & Heather, 1987; Arias & Helmstaedt, 1990; Heather & Arias, 1893)pported by U
Pb zircon geochronolog{Corfu & Sage, 1992; Turek et al., 1982, 1984, 19BR)tonism
throughout the Michipicoten belt fbeen correlatetb activityin the nearby Mishibishu and
Gamitagarna greenstone belts to extéredectonic activityof the MGBto 2615 Ma following

thecessation of th@700 Ma volcanic cycléTurek et al., 1990)
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belt (modified fromArias and Helmstaedt, 199MWlajor iron formations are labelled according
to Sage (1994). Units that host the Island Gold deposiharked according to Heather and
Arias (1992).

2.3 Goudreatl_ocalsh District
The GoudreatLocalsh district comprises cycle 2 (Wawa assemblage) feisermediate

pyroclastic metavolcanic rocks intruded by intermediate dykes and sills in the south and cycle 3
(Catfish assemblage) pillowed mafic metavolcanic rocks in the (ldehther & Arias, 1992)

This unconformity is marked by the laterally extensive Goudreau Iron Range, which outcrops
locally at the historic Morrison iron sulphide depdBiburgeault et al., 2022The majority of

gold occurrencem the Michipicotenincluding the Island Gold deposit, are hosted in the
GoudrealLake Deformation Zone (GLDZ), 80 kmlong stratigrapmsubparallel sigmoidal

deformation zone thatorresponds witlthe major contact between tigawa felsic rocks and
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Catfish mafic rockgTurek et al., 1992)The GLDZ can be subdivided into four structural
domains according to style, intensity, and kinematics of deformation along with alteration and
gold mineralization indicator$=(g. 2.5). The northern domain, locat@damediatelysouth of the
granodioritic to quartznonzonitic Maskinonge Lakstock(Corfu & Sage, 1992¢onsists of
subparallel decametescalebrittle-ductile strain zones, northeastriking shear zonesxhibiting
sinistral movement, and northwesttiking shear zonewith dextraldisplacemen{Heather &
Arias, 1992) The southern domain, bound by the Maskinonge Lake fault to the east and the
McVeigh Creek fault to the west, cemposed of dextral britdductile highstrain packages of
altered 2750 Ma felsientermediate metavolcanic rocks; the most dominant of these is the
Goudreau Shear, which hosts major gold mineralization at the Magino andzstesiHeather
& Arias, 1992) The east and wedbmainsborder the Maskinonge Lake and McVeigh Creek
faults, respectively, and are batbfinedby 085° and 1155&triking dextral shear zon€Arias &

Heather, 1987)

Three major deformation events are observed around the Island Gold deposit, which is
situated in the southern domain of the GLDZ upon the northern limb of the Goudreau anticline.
The earliest event, Dis associated with regional compression tedipright folding of the
Wawa assemblagesulting in the steepening of stratigraphy and the development of the
Goudreatanticline (Jellicoe et al., 2022)'he Goudreaanticline is postulated toecordmultiple
isoclinal folds and the erosion of the Michipicoten iron formation associated with chlardbid
stratigraphy hakistoricallyinhibited the recognition of this folding evei8age, 1994)The
second period of deformation {0s reflected through sinistral, nordiideup transpressive
motion(Jellicoe et al., 2022Yesulting in the development of tli.DZ and the generation &

foliation subparallel to the 070° striking deformation z@Heather & Arias, 1992)This is
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overprinted by dextral, souside up transpression @and the production of shallow plunging
folding of S foliation of the metavolcanic rocKdellicoe et al., 2022)T'he GoudrealLochalsh
district is alscoccupiedoy numerous northwestending transverse structur@sias & Heather,
1987; Goodwin, 1962; Sage, 1994hese structuregre often associated witliabaselykes

recording little to no deformatiofiHeather & Arias, 1992)suggesting they were emplaced in

late fault planes following the cessation of regional folding. The Maskinonge Lake fault, striking
140°, isone of these structureandrecordsli 2 km of apparent sinistral displacement

(Bourgeault et al., 2022; Heather & Arias, 1992; Sage, 1994)

The goldhosting lithologies at Island Gold are characteristically associated with
alterationenvelopes obiotite, sericite, and iron carbondt@iufo et al., 202Q)coherent with
other occurrences throughout the Goudrkeacalsh aredArias & Heather, 1987)Depositwide
structural features, including pervasive foliation, srsallle thrust faults, and intense shearing
and mylonitization are also associated with these alteration padigmegeault et al., 2022)
Mineralization is controlled predominantly by millimette meterwide smoky grey quartz
veins emplaced by shearing duringd&formation between 2722672 Ma(Jellicoe et al.,
2022) The deposit is hosted in a sequence of steeply-sijpping lenses that strike northeast
along the limb of the regional anticlifBourgeault et al., 2022Recent work has refined the
mineralization timing to 268@2672 Ma(Jellicoe et al., 2022Wwhich is consistent with other
deposits in the Wawa subprovin@avis & Lin, 2003)but older thammost quartzarbonate
hostedmineralization in the Abitibi regiof2660 2640 Ma,(Dubé & MercierLangevin, 202Q)
Previous work at Island Gold has suggested that the strain shadow imparted by the Webb Lake
stock, located to the west of the Island Gold deposit, is the primary control on mineralization

during D shearingJellicoe et al., 2022)
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The PineBreccia and Michael Syndicate zor{€gy. 2.5), two historic gold showings
east of the Island Gold deposit, are situated upon the Maskinonge Lake faultaidtich
epidotealtered mafic metavolcanic rocks on the west side against unaltered mafic and felsic
metavolcanic rocks on the edsieather & Arias, 1992; Sage, 199@old mineralization ifboth
of these zones is typically fractucentrolled and associated with chalcopyrite and/or pyrite
(Heather & Arias, 1992)stockwork quartzarbonate veining, argilica flooding(Bourgeault et
al., 2022) the intensity of which decreases gradually to the east and is truncated sharply by the
Maskinonge Lake fault on the west. Thigle ofsilicification is alsocomparable to alteration
associated witlthedeep ore zones of the Island Gold dep@Sitifo, 2019) Mineralized zones
along the fault vary from 1 m wide at tReneBreccia zone to 7 m wide at the Michael
Syndicate zone and are associated witharacteristipseudebrecciated texture. The nearest
majornorthwesttrending structure, thderman Lakdault, exhibits comparablapparent
sinistral motiorto the Maskinonge Lake fault and hosts the Adonis occurrence, which has a
similar brecciahosted, chalcopyritech mineralization style to the Maskinonge Lake fault
occurrencegArias & Heather, 1987)As the Goudrealiocalsh area is populated by many
northweststriking faults, the Maskinonge Lake fault acts as a proxy for understanding the
significance of these late structures on a prospective additional class of gold deposit in the

Michipicoten greestone belt.
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Chapter 3: Methods
3.1 Field mapping
The primary study area along the Maskinonge Lake fault is located 4 km east of the

Island Gold mine along the border of the Finan and Jacobson townshipsaaoéessible from
Dubreuilville, Ontario via Goudreau Road and tirgtoricdrill road network around the area

The focus of mapping was the PiBeeccia zone, an extensive northwiehding 200 x 40 m
stripped outcrop proximal to the Maskinonge Lake fault. The original 70 x 40 m stripped outcrop
was a result of historic gold exploration in the 19B@<anamax ResourcéBourgeault et al.,

2022) but recent expansion of the outcrop by Alamos Gold has exposed an additional 130
metres on the eastern block of the fault. Detailed mapping of theBRéceia zone concentrated

on identifying structures and kinematic indicators resulting from the maveshéhe

Maskinonge Lake fault. The region around the Maskinonge Lake study area was also mapped to
provide geological context for the structural setting and gold mineralization. Mapping transect
lines through the study area were designed to cross tke atreastnortheassstriking

lithological contacts to observe the most variability in structures and lithology. Additional work
was done at the Michael Syndicate and Clement occurrences, two historic gold showings along

the Maskinonge Lake fault.

3.2 Sample collection and analysis
112 field samples were collected from the study area, comprising 44 from regional

mapping and 68 from the Puigreccia outcrop. A total of 94 polished thin sections were created
from 59 samples at Vancouver Petrographics. In addition, Alamos Gold pr@gededdemical
multi-element data from 655 samples collected from 131 channel cuts across {Beclecie

outcrop as part of their exploration program. These samples were sent to ALS Global in Thunder

Bay for preparation and analysis. Samples were crustedita and pulverized further to 8n
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before undergoing four acid digestion followed by {MIB, fire assay, and sodium peroxide
fusion/ICRAES for a full multielement suite including gold and silicon concentrations. Channel
lines were cut perpendicular to the fault to test the influencéicfied alteration on

mineralization potential.

3.3 Sulphurisotopes
Ten samples of mineralized quartz veins were selected for sulphur isotope analysis.

Pyrite grains (x chalcopyrite) were manually separated by-pakihg, dried, and homogenized
into a fine powder. Weighing anid*S isotope analysis were done at the Environmental Isotope
Lab (EIL), University of Waterloo. Samples were weighed into tin capsules with added WO
powder to assist in combustion. Isotope measurements were determined by combustion of the
sample powder through a 4010 Elemental Analyzer coupledl isoahrom continuous flow

isotope ratio mass spectrometer (CFIRMS) and corrected against the-Zanyan Diablo

Troilite meteorite primary reference mater.]
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Chapter 4. Geology andstructural evolution of the Maskinonge Lake fault
The study area is centred on the northviessidingMaskinonge Lake faultwhich

divides the area inta northeastern and southwestern bld€g.(4.1). Chapter 4.1 describes the

main lithologies in the study area and Chapter 4.2 describes the structural geology of the study
area. The northeast block encompasses a portion of the unconformable contact between the 2750
Ma (Wawa assemblage) felsintermedate and the 2700 Ma (Catfish assemblage) mafic
metavolcanic rocks. These assemblages are separated by a continuous massive sulphide unit and

situated against mafic metavolcanic rocks on the southwest (8age, 1994)

18



5355200 N

5354400 N

692600 E

Northeast
Block

Southwest
Block

Pole to tectonic foliation

Northeast
Block

Elongation lineation

19

ANCWNIRERRERD

Mafic metavolcanic rock [\
Mafic volcanoclastic rock
Felsic-intermediate tuff
Gabbro

Magnetic gabbro
Quartz-feldspar porphyry dyke
Diabase dyke

Massive sulphide

Foliation (inclined)

Lineation (elongation)

Shear (measured)

Shear zone (discrete, inferred)
Fault (known)

Fault (inferred)

Outcrop

Gold occurrence

693400 E

Strike of shear plane




Fig. 4.1: (A) Geological map of the regional study area, with equeh lower hemisphere
stereographic projections of structural measurements on (B, C, D) the northeast block and (E, F,
G) the southwest blockhe PineBreccia and minor gold occurrences (1) Michael Syndicate and
(2) Clement are indicatetTM coordinates are in NAD83, Zone 16N.

4.1 Geology of the Maskinonge Lake study area
4.1.1 Wawa assemblage: Feléintermediate metavolcanic assemblage
The felsid intermediate volcanic cycle, occupying a portion of the northeast block of the

study area, is a pyroclastic dacitic tuff with up to 508 inm subrounded grey and blue quartz
grains and ~20% coarséll0 mm beigewhite feldspar crystals hostedarfinegrained, grey
green chloritized matrixHig. 4.5A). Within the study area, feldspar is strongly deformed and
defines both the foliation surface and principal stretching direction. Thef fatsionediate tuff

is inferred to represent the upper portion of the 2750 Ma felsic pyroclastic cycle and is only

observed on the northeastern side of the Maskinonge Lake fault.

4.1.2 Catfish assemblage: Mafic metavolcanic rocks
Mafic volcanic flows of the lower Catfish assemblage are the most widespread of the

units in the Maskinonge Lake area and are often distinguished by the presence of chloritized
pillows or I 10 mm rounded vesicleFi. 4.5B), which are typical indicators of a deejfater
seafloor environmer{iMoore, 1965) Although these rocks are usually figeined, intense
alteration throughout the area makes this an unreliable method of unit identification. These
volcanic rocks are deformed with the greatest intensity of all units and are commonly strongly
sheared angervasively altered, displaying both banded and patchy carbonate and sericite

alteration.

A subset of mafic volcanic rocks is recognized by the presence of heavily altérgd, 10
cm rounded beigeoloured nodules hosted in basaltic flowkese fragments typically compose

5-10% of the rock and exhibit more brittle deformation than the surrounding mafic fiogvs (
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4.5C). This fragmental mafic unit represents the base of the Catfish metavolcanic assemblage
based on its stratigraphic relationship with the massive sulphide unit and gradational contact with

the pillowed mafic flows marked by decreasing nodule content.

4.1.3 Quartzfeldspar porphyry intrusions
A series of quartteldspar porphyry (QFRJykesare found throughout the mapping area

(Fig. 4.5D) and trend 070080°, approximately parallel to the strike of the regional foliation.

Most QFPs are 0i3 m wide and have a porphyritic texture withI%% I'5 mm rounded

qguartz phenocrysts (grey and/or blue varieties) and up to 15% subrounded feldsoarysis
homogeneously distributed throughout the rock. These dykes exhibit variable degrees of chlorite
alteration and often contain 8 cm xenoliths of mafic country rock. Tectonic foliation is

continuous across QFPs, which are further boudinaged amsptysed, implying they intruded

before regional deformation. While the dykes are laterally extensive, none are observed
crosscutting the Maskinonge Lake fault, nor can they be used as stratigraphic markers due to the
prevalence of these dykes within thedy area. The exact age of the QFP dykes is unknown,
although an intrusive body with a similar appearance (i.e., the Webb Lake stock) has been dated

to 2724.1 + 4.3 MdJellicoe et al., 2022)

4.1.4 Gabbro
Two varieties of gabbro are observed throughout the area: strongly magnetic gabbro and

weakly to noamagnetic gabbro. Strongly magnetic gabbro forin3®0 m wide intrusive

bodies, and although their specific stratigraphic relationship with the volcamés égyainknown,

the spatial association with mafic metavolcanic rocks, presence of a weakly developed foliation,
and variable degrees of alteration suggest they may be coincident with the Catfish assemblage
mafic rocks. Normagnetic to weakly magnetic gabkappear commonly as northwstnding

dykes (subparallel with the Maskinonge Lake fault) that sharply crosseakisteng units,
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suggesting these nanagnetic gabbro dykes are the youngest units in the study area. Both
groups are fine to mediwgrained, consisting of approximatelyi3@% plagioclase and 60

70%pyroxene and amphibolitevith trace amounts of disseminated titaitel pyrite

4.1.5 Diabase dyke
An inferred Matachewange diabase dyke outcrops locally along the Maskinonge Lake

fault and is approximately ten metres wide with a subvertical, nortksirdshg orientation and
sharp contact with the western mafic volcanic rocks. This dyke is masshubits sporadic
magnetism, and is fingrained with 15 cm plagioclase phenocrysisg. 4.5E). The dyke
contains diffuse, stockwork quaigpidote veinlets and plagioclase grains saussuritized to
epidote. Modal finggrained quartz and coarse 0.25nm magnetite are visible in thin section,

the latter often comprising up to 5% of the rock.

Twenty-nine samples of the diabase dyke at the-Birgecia outcrop were collected
through a channel sampling program conducted by Alamos Gold. These samples are compared
with compiled geochemical data for Matachewan (~2.45C8#&rowski et al., 2015Marathon,
Biscotasing, Kapuskasing (~2.1 G#alls et al., 2005and Keweenawan dyke swarms (~1.1 Ga,

Halls et al., 2005; Marshall & Lidiak, 1996; Nicholson et al., 1997; Sutcliffe, 1987)

Fig. 4.2 shows that most dyke swarms are-ailialine basalt, apart from Keweenawan
dykes whose Nb/Y content trends towards alkaline basalt, and Matachewan dykes that are
slightly more andesitic. Majo(g. 4.3) and minor Fig. 4.4) element variation with MgO
display a significant correlation between the Maskinonge Lake dyke and Paleoproterozoic dyke
swarms, whereas Mesoproterozoic dykes (i.e., Keweenawan) are typically more enriched in

MgO and have a wider distribution of major d@rate element concentrations. The Maskinonge
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Lake diabase dyke is notably depleted in CaO an®Nampared to the Matachewan suite.
There is a strong correlation between the compositions of the Maskinonge Lake dyke and the
Matachewan dyke swarm, although the amount of overlap in the major and minor element
distributions with other Proterozoic dyke auns makes this classification ambiguous using

elemental composition alone.

Sub-alkaline Alkaline Ultra-alkaline
alkali
rhyolite )
phonolite
rhyolite
dacite trachyte
o /\l’ \eph(.\phO“
p— (ao\" f
S andes'®
N al_—" foidite
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- i O
g A ikali /A Matachewan
basalt ] Keweenawan
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< Biscotasing
5 Kapuskasing
2 I I I
0.01 0.1 1 10 100
Nb/Y

Fig. 4.2: Zr/Ti vs. Nb/Y classification (modified from Pearce, 1996) of the Maskinonge Lake
diabasalyke and Proterozoic dyke swarms in the northwestern Superior Province.
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Fig. 4.3: Major element variation with MgO of the Maskinongeke diabaseyke and
Proterozoic dyke swarms in the northwestern Superior Province. Highlighted areas comprise the
Maskinonge Lake dyke data.
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Fig. 4.4: Minor and trace element variation with MgO of the Maskinobagiee diabaseyke and
Proterozoic dyke swarms in the northwestern Superior Province. Highlighted areas comprise the
Maskinonge Lake dyke data.

4.1.6 Massive sulphide

The Pine massive sulphide unit is inferred to be an extension of the Morrison exposure
southwest of the study a@aart of the extensive Goudreau Iron Rahgehich acts as a
marker horizon for the unconformity separating the Wawa and Catfish metavolcanic
assemblages-(g. 2.5). The unit is recognizable by its intense rusty purple and oxidized surface
(Fig. 4.5F), with a strong magnetic intensity, and is typically massive but occasionally displays
weak local strain in some outcrops. Sulphides are disseminated throughout the rock, which is
composed of up to 50% subhedral 0.5 mm pyrite grains. This unit, aldmgheitelsi¢
intermediate tuff, is only observed on the northeastern block of the study area. In the Pine
Breccia area, this unit is (Parking,r200palooselyl v cove
consolidated matrbsupported polymictic regolith containinggZ) cm subrounded clasts of both

plutonic and volcanic material.
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Fig. 4.5: Field photosof major units in the regional Maskinonge Lake study area. (A) Felsic
intermediate lapilli tuff with elongated feldspar grains. (B) Pilloweadaltwith dark green
chloritized selvages. (C) Sheared mafic volcanic rocks with3@m rounded, brittle clasts that
deflect foliation. (D) Felsic dyke (QFRBharplyintruding intobasalticcountry rock. The dyke is
approximately 4 m widand the contact trends parallel to foliation (~7(E).Diabase dyke
sharply intruding basaltic country rockh& dyke is approximately 10 m wide and the contact
trends parallel to the Maskinonge Lake fault (~3Z6))Rusted metallic weathered surface of
thePPinemassive sulphide marker unit.
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Fig. 4.6: Photomicrographs of lithologies on the northeast block of the regional study area. (A)
Felsid intermediate lapilli tuff with phenocrysts of plagiocld&%) and quart{Qz). (B) Strongly
foliated carbonataltered(Cb) basaltwith anhedral magnetit@ag). (C) Strongly magnetic
epidotechlorite-actinolite altered (E4Chl-Act) gabbro with euhedral pedgeformation

magnetite. (D) Quartkeldspar porphyry dyke with minor interstitimuscovite (Ms) andhlorite
alteration. (E) Maskinonge Lake fadiilling diabase dyke showing evidence of lower
greenschist alteration. (F) Magnetite and py(iftg) replacement in the massive sulphide unit
overprinting a finegrained granular grawdmass of quartz, epidote, and chlorite.
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4.2 Structural geology of the Maskinonge Lake study area
Six deformation events @DDs) and two generations of veinsi(sind \%) are identified

within the mapping area. I n addition, pervasi
proximal to the Maskinonge Lake fault. The composition and style of the vein generations and

silica alteration are describ&artherin Chapte 5.1.1 The first three deformation eventsd.

4.7) correspond with B D3 described bylellicoe et al(2022) Dai De aredirectly associated

with phases ofmovement along the Maskinonge Lake fault.

4.2.1 Di1iDs
F1 folds generated from regional compression are upright, kilorsetie folds (e.g. the

Goudreau Anticline) that develop &xial planar cleavage and tilt the volcanic assemblages to
their current subvertical orientati¢dellicoe et al., 2022Evidence for this deformation event
within the Maskinonge Lake study area is limited, but parasitading on the northern limb of

the Pine massive sulphide unit may record thilding (Fig. 4.1).

The dominant foliation observed throughout the regional map area is a steeply dipping,
ENE-striking penetrative foliation with local dip reversals towards 160° and 340°, congruent
with the S foliation observed around the GLZellicoe et al., 2022)Nithin the Maskinonge
Lake mapping area, the strike ofrStates from 065070° to 080085° with increasing
proximity to the Maskinonge Lake faultz ktretching lineations are best defined by elongate
feldspar and vesicles in the felsiictermediate lapilli tuff and basalt flows, respectively,
plunging 1% 20° towards 070080°. Strong Zparallel shearing is observed towards the northern
end of the Pindreccia exposure, enhanced by the rheological contrast between tgeafimed
mafic flows and coarsegrained intrusive QFP dykes. In the GLDZ, this behaviour is
hypothesized to control the emplacement of gmdring quartz veins at the Island Gold deposit,

contemporaneous with greenscHesties metamorphisidellicoe et al., 2022)
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Dextral transpression is observed in tight to isoclinaHolds, recognized by the dip

reversals of Sand the folding of Sand S-parallel contacts between volcanic flows and QFP

dykes. The axial plane otffolds is oblique to the dominant strike offSliation.

Fig. 4.7: Field evidence ofaly structures relating to the GLDZ. (A} felding in a felsic dyke
with S axial planar cleavage. (BpFolding of S foliation with no axial planar cleavage. (&) F
folding along the contact ofguartzfeldspar porphyry@QFP dyke.

4.2.2 Da: Dextral, (brittle)ductile
Dextral transcurrent motion along the Maskinonge Lake fault results in the overprinting

of D2 and ¥ structures, consisting of crenulation folds, conjugate kink folds, and agelu&
with associated axial planar cleavage that creates pencil cleavage closer to the Maskinonge Lake
fault (Fig. 4.8). F4 folds are centimetrscale open folds that superimpose earlidokels as well

as fold the penetrative EN&iriking S fabric through crenulations and kink folds, with variable
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steeply to moderately northwagsunging fold axes. Crenulation patterns resemble those of
medium to high material anisotropi@3osgrove, 1976) foliation develops subparallel to the
Maskinonge Lake fault and is defined by the subverticalj N&/striking axial planar cleavage
of F4 folds. Cryptic L stretching lineations are measured on theusfaces and plunge 080°
towards 320°. Deformation becomes brittle approaching the fault, resulting tdevelloped,
vertical pencil cleavage from the intersection pBd S. Strain occasionally accumulates into
1409 320°striking dextral faults that can continue for upwards of 10 m, offsettirgn® S-
parallel felsic dykes. The strike of ®tates from 060070° to 080090° on a regional scale,
with no variation in dip, as the fabric is dragged into the Maskinonge Lake fault with dextral
shear sense. Within the PiBeeccia area, &parallel shear zones and QFP dykes also exhibit

dextral drag, rotating from 25@triking to 3202striking.
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Fig. 4.8: Field evidence of ductil® brittle-ductile Ds deformation. (A) $defined by crenulation
and kink folding of $and . Obliquity is caused by later deformation events. (Bygen
folding of an E fold and S axial planar cleavage. Pencil cleavage occurring from the
intersection of Sand G near the Maskinonge Lake fault.

4.2.3 Ds: Sinistral brittleductile
Sinistral, brittleductile deformation is marked primarily by the emplacementxasfhiéar

veins and infiltration of gokdbearing silicarich hydrothermal fluids along the Maskinonge Lake
fault. V2 veins are oriented subparallel to botre8d the Maskinonge Lake fault and record
evidence of sinistral motion through dilational jogs andechelorveins; the latter of which is

also used to estimate the §hear vectorKig. 4.9). The poles to Yveins and associateuh
echelonveins (\ke) create a girdle that projects on the Maskinonge Lake fault plane to provide a

shear direction of 12° towards 320°. This predicted shear direction is largely parallel to the
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shallow northwesplunging Ls stretching lineations, suggesting thatdhd Oy shearing were
subparallel to one another. Poles te & echelorare at an angld) greater thad5° with the

shear zone boundary, indicating that deformation durgwyd3 transpressionéDIson &

Pollard, 1991)V2 veins exhibit sinistral $olding and boudinage, suggesting thativolved
polyphase or progressive brittikictile deformationKig. 4.10). Although there are no kinematic
indicators in the main vein due to the intensity of alteration and recrystallized nature of quartz
grains, the moderately altered silica halo comprises boudinaged quartz vexildahr&, and
shear bands that are alsansistent with progressive sinistral deformatibig(4.11). V2 veins

also often exhibit 15 cm of boundanparallel displacement that results in the right end of the
vein overlapping the leffHig. 4.12). Field relationships suggest the presence of apost
intermediate stage with discrete, centimeaitale sinistral faulting at a high angle to the principal
shear direction before further sinistral deformation relatingstolBis geometry is akin to
antithetic deformation bands (R6) in a Riedel
Maskinonge Lake faulfAhlgren, 2001) although the significance of this is difficult to resolve as
the displacing fractures are extremely discrete and evidence for an intermediate brittle dextral

stage is otherwise not observed.
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Fig. 4.9: Equatarea loweihemisphere projection of poles ta,¥n echeloveins (\2e), S, and
L4. The poles to quartz veins create a girdle that defines the shear direction when projected onto
the Maskinonge Lake fault plane.
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Fig. 4.10: Field evidence of qogressive brittleductile Ds deformation. (A, B) Sinistral-$olding
of V2 veins. Faulting in (A) occurs along the axial plane of the fold, likely resulting from strain

Fig. 4.11: Sinistral shear sengedicators in the strongly deformed silica halo. (AL Sabric

along the margins of a quartarbonat€Qz-Cb) vein. (B) Sinistral quartfilled extensional
shear band.
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V, quartz vein

Fig. 4.12: Geometry of overlapping 2eins. resulting from an intermediate sinistral
deformation stage between Bnd Oy deformation events. Schematic diagram is of the topmost
photo. The significance of the pd3t faulting is unclear as the sinistral displacing faults are
minor and discrete.

4.2.4 De: Sinistral, brittle
Brittle reactivation of the Maskinonge Lake fault is evident by the kilorrsztaée

sinistral stratigraphic offset recorded across the Maskinonge Lake fault, using the Morrison and
PineBreccia massive sulphide units as marker horizons. The offset ofntlaeker units is
approximately 1.2 km, but marker horizons in the northern Michipicoten greenstone belt (i.e., the
contact between the Dbmetasedimentary and the Catfish mafic metavolcanic packages) only

record an apparent 400 m of displacement. Thisrd&dtion event is also responsible for the
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brecciation of the main vein and silica halo on a local s€adg 4.13). Pockets of fault breccia
overprint the silica alteration, and fragments of silitiered rock are up to 15 cm large with no

preferred orientation or rotation.

Undifferentiated posDs discrete joints are observed across the entirety of the Pine
Breccia outcrop, creating regularly spaced fracture networks striking at a high angle to the
Maskinonge Lake fault and overprinting all earlier structures with <10 cm of offset. The joints
are dserved to cut one another with both dextral and sinistral shear sense, implying they form a
contemporaneous set with rough conjugate symmetry. Sinistral joints strike dominantly at 240°
whereas dextral faults are both 27&Ad 250%striking, creating aangle of 1030° between the

dominant strike of the jointd=(g. 4.14).
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Fig. 4.13 Field evidence of tittle De and postDs deformation. (A) Fault breccia witli 10 cm
clasts of the main vein and figgained silicaaltered material in the gouge. (B) Late
contemporaneous brittle faults offsettingWéins with opposing senses of shear. (C) FHiglle
faulting offsetting the main vein and silica halo with dextral shear sense.
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Dextral
(n=14)

Sinistral
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Fig. 4.14: Rose diagram of pofds contemporaneous discrete brittle faults with opposing senses
of shear and approximate conjugate symmetry (bin size of 10°).
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Chapter 5: Geology, dteration, and mineralization of gold occurrences along the
Maskinonge Lake fault

Three historic gold occurrences are located along the strike of the Maskinonge Lake fault.
The primary study area, the PiBeecciaoccurrencehas been stripped and expanded by Alamos
Gold to expose a 200-0ng section of the Maskinonge Lake fault. Two auxiliary study aceas
the north of the PinBreccia occurrengehe Michael Syndicate shaft and the Clement
occurrence, provide additional evidence of structural controls on mineralization along the

Maskinonge Lake fault.

5.1 ThePineBrecciaoccurrence
The PineBrecciagold occurrence is exposed predominantly along the northeast block of

the Maskinonge Lake fault and comprises the Wawa assemblageifsimediate tuffaceous
rocks, the unconformable massive sulphide unit, and the Catfish assemblage pillowed mafic
flows populated with interbedded chemagnetite iron formations=(g. 5.1). The mafic rocks
gradually transition from a volcanoclastic unit in the south to pillowed basalt moving north
across the outcrop and are interbedded with isoclinally folded-ctagmetite iron formations

(Fig. 5.2). The northern section of the outcrop is also populated by numensrending

felsici intermediate porphyritic dykes that intrude into the mafic metavolcanic country rock. The
west side of the fault comprises strongly sheared mafic volcanic rocks that are intruded by the
epidotealtered diabase dyke described in Chagters The Maskinonge Lake fault has ail5

m wide altered damage zone with brecciated, pervasively silicified wall rock and anastomosing
fault-parallel quartzcarbonate veinlets, which transitions into parallel, northsegting steeply
dipping arrays of lanmated quartz veins to the east of the fault z&ing b.3). Quartz veins are
offset by spaced subvertical joint networks striking broadwEvith both sinistral and dextral

shear sense.
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Fig.5.1: (A) Detailed map of the stripped PHuBgecciaoutcropalong the Maskinonge Lake

fault. The inset map is modified froRig. 4.1. Stereonets show (B) regionallS fabric and (C)
fault-induced /L4 fabric.
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Fig.5.2: (A) Detailed map othe northerrsection of the Pin8reccia outcrop, showing the
overprinting relationships between early foldinghe interbedded iron formatipk’2 veins, and
brittle faulting. (B) Isoclinal EZ-folding in an interbedded magnetitieh iron formation. The
unit is displaced by both dextral and sinistral brittle faults. (Cyains cut andginistrally
displaced by 320striking V2 veins.
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