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Abstract

The syenitehosted YoungPavidson (YD) gold deposit is located at the western extension of the
CadillacLarderLake deformation zone (CLLDZ), southwest of Kirkland Lake, in the southern
Abitibi greerstone belt, Canad&old is predominantly hosted by syenite, and to a lesser extent by
Timiskaming sedimentary rocks and mafic volcanic rocks in veins and/or small pervasively altered
shear zones related to the CLLDMistorical gold production wasiainly from quartzveins and
disseminated pyrite hosted in altered syeitecentdrilling by AuRico GoldCorporation(formerly
Northgate Minerals Co.) has expandeduhderground resource to 14.6 million tonnes (measured
and indicated) at an average grade.0682)/t Au and an underground reserve of 39.1 million tonnes
(proven and probable) at an average grade of 2.79 g/t Au, where most of the gold is hosted in the
syenite.

Three generations of veins have been identified based on crosscutting relatiovegipps at an
underground ore crosscut; Woudinaged irortarbonate veins, Molded quartzpyrite veinlets and

V3 planar quartzarbonate veins. Structural characterization of the vein sets indicat¥s and Vs
extensional vein arrays developed duringD, deformationwhich generated the steeply dipping
eastwest striking penetrative,$oliation that is found elsewhere along @eLDZ. Petrographic
analysis of mineralized syenite shows that native gold grains are most abundant in zones of intense
potassiehematitepyrite alteration as inclusions and along cracks in-velated and disseminated
pyrite. Volcaniehosted gold is mainly located in quaman-carbonateseins hosted in narrow
sheared and pervasively albiten-carbonatepyrite alteredsolcanic rocksWhole rock
lithogeochemical analyses and mass balance calculations show that mineralized syenite is
characterized by enrichments in K, S, Na, Ba and W whereas mineralized volcanic rocks are
characterized by strong enrichments in Na, AIKSi-e, S, Ba and W. &chemical contouring of
279analyses ofirill core along two NS sections through the YD syenite show broad cross section
scale correlation of gold mineralizatianth K,O, S and Ba. Sulfur ihe mosstrongly correlated

with gold mineralization; however, the most intense sulfidation is generally coincident with zones
containing coarse altered feldspars and adira@ned groundmass of irararbonate, Neand K-
feldspar and minor quartz.

Bulk sulfur isotopic analyses oysnitehostal pyritegrainsindicate that the dominant source of
sulfur is magmatidut there is also a component thas interacted with the reduced Archean
atmosphere. Pyrite grains in syenite and volcanic rogktainup to 15000 ppm Co4,000 ppm Ni

and 4200 pm As.Chemical mapping of Co, Ni and As from different vein associated pyrite grains
show: 1) Arsenic in pyrite is low, <G00 ppm; 2) Pyrite shows @i zoning and gold in Yvein

pyrite is associated with @di rich pyrite overgrowths of earlier corradi@yrite grains; 3) gold along
fractures in \ vein pyrite is also associated with -Gl enrichment; and 4) gold inWeins crosscuts
Co-Ni patterns in pyrite, which suggests that thestyle of mineralizadon has precipitated by

different mechanismg$yrite mapping combined with alteration assemblages, mineralization
characteristics and mineral chemistry suggietsthe syenitéiosted mineralization has formedrn
interaction betweemultiple fluids with distinct physicochemical conditioi$e proposed

formational model for the YounBavidson deposit ief fluid mixing between magmatic and
metamorphic fluids during the deformation events that generated the extensive veining systems at
Young-Davidson.
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Chapter 1

Genemdlrolducti on



1.1 General Introduction

Gold mineralization in the Superior Province of the Canadian Shield is an important source of gold

for the Canadian economy. The Superior Province contains abundant mineral wealth compared to the
other provinces of the Canadian Shield; 80 VMS deposits; e gold deposits, magmatic nickel

sulfide deposits, ircioxide deposits and several veigsociated copper depog®oulsen et al.,

1992) Quartzcarbonate vein deposits in the Abitibi account for 48.1% of the total Canadian gold
production from all deposit types. The Abitibi greenstone belt acctami?.4% of all Canadian

gold production from greenstoi@sted quartzarbonate vein typdeposits and is home to 6 of the

12 O6wdralsdd gi ant dep @s0itonhnss, of gol@obé and Gosselin,200A)i ng >
Lodegold deposits in the Abitibi are associated with first order crgstle structures and second

order splay and fautitructurege.g, Hodgson, 1989)They also show strong correlation with felsic
intrusive rocks and, to a lesser extent, Timiskaming +setimentary rock&.g, Robert, 2001)
Gold-bearing veins in the Abitibi can be hosted by any lithology, but therityagd the

mineralization is hosted in irarich tholeiitic volcanic rocks, iromich gabbroic sills and felsic
intrusions(Dubé and Gosselin, 2007)wo major crustascale structures are present in the southern
Abitibi: the PorcupineDestor deformatiozone (PDDZ) and the CadilldarderLake deformation

zone (CLLDZ), shown ifrigurel.1.The YoungDavidson gold mine is a syenitested deposit that

lies along the western extension of the CLLDZ, a few kilometers west of the town of Matachewan,
approximatey 70 km westsouthwest of Kirkland Lake. Known gold mineralization along the

CLLDZ extends from Youndpa vi d s o n, east through Kirkland Lake,
Quebec. Similarly, to the north, the wodthss Timmins mining camp occurs along tastwest

striking PDDZ.

Archeanaged gold deposits in the Abitibi can be grouped into 4 key geneticagprslined by
Poulsen et al. (2000yreenstondrostedquartzcarbonate vein deposits; intrustassociated deposits;
turbidite-associated deposjtand goldrich VMS deposits. Individual gold deposits generally contain
distinct features thaiermitgrouping into one of the genetic types. These characteristics generally
include: tectonic setting, geologic associatioteration styles, fluid association, metal associations
and general mineralizing characteristics. Some individual deposits contain characteristics that are
representative of more than one genetic model, which leads to difficulties describiogtitodson
mineralization. This in turn affects the exploration model as exploration strategies for each type of
deposit differ. To complicate matters further, even though each type of deposit forms at different

2
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Figure 1.1: General geologic map of the southern Altibi greenstone belt showing location of major
crustal scaledeformation zones the PorcupineDestor deformation zone (PDDZ) and the Cadillac
Larder -Lake deformation zone (CLLDZ). All types of gold deposits in the southern Abitibi show
correlation with these major crustal scale structures and their splaysStudy area shown in red on inset
map (M odified from Dubé and Gosselin, 2007 an®inel et al, 2008)
crustal levels, from different fluids in distinct tectonic settirgyg.(VMS vs. intrusiorassociated
Figurel.2), compressional deformation and development of regional fault zones has often
superimposethter vein related alteration/mineralization styles on earlier mineralization.shjtes
many gold deposits in the Abitibi lie along major crustede deformation zones or related
secondary structures and are associated with intrusions near thick volcanic seqdtemcts
mineralizing characteristics do not clearly support a single formational model. It is important to be
able to determine the mdstportant factors controlling mineralization at each deposit so exploration
criteria can be developed to find further mineralization. For example, does mineralization occur along
a specific lithology/chemically favorable horizon? Is it constrained totaiceorrelatable vein set or
common structure? Determining such controls requires understanding the relationship between

mineralization and volcanic construction, intrusion events, regional deformation, veins and alteration.
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Figure 1.2: Formational models for different classes of gold deposits found in the southern Abitibi
greenstone bel{Modified from Dubé and Gosselin 2007)

Gold deposits in the southern Abitibi can be subdivided based on geologic setting, age, host rocks
and formational models. Regnized deposit models in the southern Abitibi idelugoldrich VMS
deposits (e.gLaRonde Penna), greenstdmested quartzarbonate vein deposits.g.,Kerr
Addison), turbiditehostal Au mineralization€.g.,Pamou) and intrusiorrelated gold depos (€.9.,
Canadian Malarctic, Upper BeavébDubé and Gosselin, 2007; Dubé et al., 20@0id-rich VMS
deposits are thought to have formed during volcanitstruction of the Abitibi in a shallow water to
subaerial volcanic setting (Délet al., 2007)By contrast, intrusiorassociated gold deposits are
thought to form during regional compression and orogenesis at greater depths (Rober20ay ).
regionatscale deformation, sheeglated quartzarbonate vein deposits formed along major
structures andthay have locally overprinted, upgraded or remobilized earlier intrusiated or Au
rich VMS styles of mineralization located along those deformation Z&né® and Gosselin, 2007)
Therefore at a single deposit, gold mineralization may be controlled by two temporally distinct events
that are spatially associated. Alternatively, for intrusageociated depositBpbert (2001) showed
that the characteristics of mineralization (veingtgles, pyritization styles, alteration styles, isotopic
signaturesare distinctly differenfrom the mineralizingcharacteristics at quartarbonate vein

4



deposits hosted by other lithologies. Robert (2@0&her classifiedyenitehosted deposits as
distinct deposit type based on the strong spatial associatiosyeitlite to monzonite stocks,

contrastingvein typesalteration characteristics andie&k of structural controls

1.2 Thesis Objectives

Orogenic lode goldleposits aravell characterizedn the southern Abitibi and in addition to the
strong spatial association with crussahle deformation zones, also show spatial correlation with
Timiskaming sedimentary rocks and felsic intrusions. This study igagbehemicatomponenbf a
combined stucturalgeochemical studgn the syenitehostedmineralization athe Young-Davidson
gold depositSince theYoungDavidsonsyenite is the dominant host of mineralization but is also in
close proximity to the CLLDZa geochemicainvestigation requirea structural context to correlate
mineralization features wittegional structural events. A combined structgebchemical approach
will help addresshe controversyf the roleof felsic intrusios in gold mineralizatiorat this deposit.
A structural studyf the deposiby Zhang et al.Z012 hasoutlined the relative timing of veining
within the syenite, and relat&eining to local structural events that correlate to regional events from
elsewhere in the Abitibin order to propose a genetic model toe syenitehosted gold
mineralization at Youngpavidson, this geochemical study will:

1. Assess the relationship between mineralization, alteratidweiningandcorrelate

findingswith the structural framework developed by Zhang et&l19

2. Characterizehe geochemical enrichmerassociated with gold mineralization in the
syenite and volcanic rocks at Youbgvidson

3. Determine the depositcale lithogeochemical trends along two nelith cross sections
throughthe YoungDavidson syenite

Calculate thenass changes in mineralized rocks at YeDagidson
Characterize the textures of the -oe¢ated minerals: rutile, pyrite and gold

Determine the chemistry oiitile, pyrite and gold graindrom different locations in the
Young-Davidson syenite, grouped lrgin types and relative textures, to obtain
information about the oreontrolling fluids

7. Obtainchemicalmaps and bulk sulfur isotopic analysgpyrite grains from distinct vein
sets and textural styles of pyrite mineralization



1.3 Thesis Organization

Thisthesis is organized into 4 chapters. The current chapter is intended to highlight a number of key
background criteria and methodology that does not fit in the paper style format of Chapters 2 and 3.
This first chapter includes an introduction to the peabthat is to be addressed in this thesis,

historical summary of the Yourgavidson deposigenerabackground information on the formation

of thelithological units in théAbitibi and a summary of the methods usethis thesisin addition
Chapterl also provide a shortliscussion of the quality of the datad someroblems encountered
during data collection. Chapter 2 and 3 are written as standalone papers, riéqgeétion in the
introduction, background and method sections for both papegenkral, Chapter 2 highlights the
geology, petrography, alteration and geochemical characteristics of the mineralization at the Young
Davidson deposit where&hapter 3 addresses ttigemical and stable isotopic characteristics of ore
related minerals ahé YoungDavidson deposit. The final chapter summarizes the results from
Chapters 2 and 3 and provides unifying discussion and conclusions, tying the results of Chapters 1, 2

and 3 into a complete thesis.

1.4 Background

1.4.1 Local Setting

The YoungDavidsonsyenite is a coarse trachytic to porphyritic syenite that has intruded roughly
along the contact between Timiskaming sedimentary rocks to the north and Tisdale mafic and
ultramafic volcanic rocks to the soutfigure1.3 andFigurel.4). The YoungDavidsonsyenite is

part of an overturned sequence dipping approximate0r&egrees to the south. Since all of the
Archean rocks in the Matachewan area are metamorphosed to greenschist facies (locally up to
amphibolite facies; Lovell, 1967), the prefix me&implied for all Archean unitse(g.,meta

volcanic) and will be omitted in the following sections. A minor component of late brittle movement
is developed along the-8 trending Mistinigon Lake and the Montreal River faults west and east of
Young-Davidson respectivelyfigure1.4). The minescale geology of Youn@avidson is shown in

Figure2.3 and discussed further in Sectidw.
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Figure 1.3: Southern Abitibi greenstone belt showing the location of the Cadillatarder -Lake
deformation zone, Matachewan, Kirkland Lake, Larder Lake and various available age dates from the
area (Modified from Zhang et al.,2012.

1.4.2 History of Young-Davidson

The YaungDavidson gold deposit was discovered by Jake Davidson in 1916. The discovery of gold
mineralization led to a staking rush that established the Matachewan Consolidated Mine. Native gold

in a quartz vein crosscutting carbonrattered volcanic rocks wamrt of the initial discovery and is

still found on the mine site today. In 1917, gold was found in reddish brown syenite and grey volcanic
rocks in the adjoining Matachewan Consolidated ¢
approximately 969000 ozof Au wereproduced from the two mines, operating at either end of the

current deposit, at an average grade of 0.094 oz/ton Au from the Yaawidson mine and 0.107

oz/ton Au from the Matachewan Consolidated Migeans, 2007)In 2003, Northgate Merals

Corporation gained ownership of the property and in 2005 initiated an extendiaee and

7



519000 m E 521000 m 523000 m 525000 m 527000 m 529000 m 531000 m 533000 m
= ¥ S — =X T
AN TSI
|

Do 26778113 Ma" i\
~ \ : H ™ ¥
Q% \ : i/ \"\..‘ 5

T

5316000 m
W 0009LES

L Gy .
istinigon G A o
ke Fault \5;“: X\ Ve \ G

G AV - River Slook -

5314000 m

. :Q':PO%REY\ \ ,,,,, \i NAS R 30 =

w 000¥LES

5312000 m
w 000ZLeS

y o5 ¢ i ~Deformatio nZope Nz
(R,f i 7 ] A / ; A e
Y/ | NN

5310000 m N

17 4 “Young-Davidso
i

N W 0000LES

i i i

\
o
\ED o : X i i I
519000 m E 521000 m 523000 m 525000 m 527000 m 529000 m 531000 m 533000 m
Paleoproterozoic Symbols )
{ ling (incli i ;7 | Mineral foliation, 2nd generation
Gowganda Formation Timiskaming Sedimentary rocks |/ /| Lithological boundary o5 | Graded beddng mctined, veutical). [ F] o e ey
Conglomerate, Sandsonte, | Conglomerate, wacke, arkose, T /| Graded bedding (overturned) ot i s
arkose, wacke, siltstone, argilite ~ sandstone, siltstone o 8 Anticline . s |/ # | Mineral foliation, 3rd generation
Matactiewan Dyke Swarn Felsic Metavolcanic rocks L ~_| Synciine £ | Becimentary bacelog (ncled) -] Mineral lineation
Diabase textured, epidote bearing ‘/ /7 High strain deformation zone /s /| Pillows (inclined, vertical) == (L1 lineation, L2 lineation)
e n i % » | Cleavage, unknown generation Ll
Archaeal Mafic and Intermediate D/’ CLLo + 7| Clea k Intersection lineation
- Neoarchean intrusive rocks Metavolcanic rocks _ Fault; strike-slip <+ (inclined, vertical) [~ Fold axis lineation
[ / /| Bedding (inclined, vertical) " /| Schistosity (inclined, vertical) <1 (F2 fold, F3 fold axis)
Metamafic Intrusive rocks Ultramafic Metavolcanic rocks = o y i e N " %# Quartz vein
Gabbro, leucogabbro, pyroxenite Spinifex textured | /~ | Cross bedding (inclined, vertical) =/ / | Mineral foliation, 1st generation *&¢ | (v1,V2, V3 veins)

Figure 1.4: Local geology of the Matachewan area showing location of Youravidson, CadillacLarder -
Lake deformation zone, Montreal River Fault, Mistinigon Lake Fault and other felsic intrusions in the
area (Modified from Zhang et al.,2012.

underground drillingprogram thahas added considerably to the resource. The newly delineated
zones are mostly hosted in coagsained syenite that is crosscutddyundant quartz veins and is
intensely pyrite angotassiehematite alteredlhe drilling program has extended the deposit from
surface to a depth afpproximately 1.3 km, and over a lateral extent of up to 1Surfacedrilling

has also uncovered quararbonate vein hosted and replacement stylgslofnichosted
mineralizationin deformedand albitizedsolcanic rocksast of the syenite along strike with the
CLLDZ. An additional resourcis also being drilled to the west of the current reservesimitar
coarsegrained syenite that is crosscut by veining, hematitassic alteration and host to abundant
pyrite.In 2011, the property was acquired by AuRico Gold Incorporated.



1.4.3 Formation of the southern Abitibi greenstone belt

The Superior Provincef the Canadian Shield consists of alternating-e@st trending volcaro
plutonic and sedimentary subprovinces; the southernmost vebtatumic belt is the Abitibi
SubprovincgPoulsen et al., 1992The majority of the gold mineralization in the SupeRrovince

is found within the Abitibi greenstone belt, and more specifically is hosted by @aabanate vein
deposits that occur along crussaiale deformation zon€éBubé and Gosselin, 200&Vithin the

Abitibi there are 9 supracrustal assemblapas dare thought to represent volcanic construction and
subsequent deformation and sedimentatforer et al., 2002)The 7 earliest volcanic assemblages
(Pacaud, Deloro, Stoughtéoquemaure, KiddMunro, Tisdale, Kinojevis and Blake River) range in
age fran 2750 to 2697 Ma and consist of variable amounts of ultramafic, mafic and felsic volcanic
rocks, with calealkaline, tholeiitic and MORBike affinities (Ayer et al., 2002)The 2 youngest
sedimentary assemblages (Porcupine and Timiskaming) were uncahfpheposited over older
assemblages and consist of wacke, siltstone and mudstone in the Porcupine assemblage and clastic
polymictic conglomerate, sandstone and fluviatfigme deposits in the younger Timiskaming
assemblag@Ayer et al., 2002; Bateman @iBierlein, 2007)Deposition of the two sedimentary
assemblages was roughly coeval with emplacement of syntectonic granitoid intrusions, regional

folding and reactivation of earlier accretionary fa@itger et al., 2002)

The construction and evolutioffi tihe Abitibi Subprovince is thought to involve mamgas from
different mantle sources in a periodic riftitagnvergent plate tectonic setti(yer et al., 2002)
During volcanic construction, from 2750 to 2697 Ma, the general tectonic setting in the Ydoiidol
from extensional, to baekrc settings, to plumeelated volcanigwith uplift) to a faulting and
subsidence dominated setting related to rif(ifvger et al., 2002)After 2696 Ma, the tectonic regime
changed from volcanic construction inirify and plumerelated environments to a compressional
orogenic environment with associated deformation, metamorphism, sedimentation and emplacement
of granitoid intrusiongAyer et al., 2002)The first orogenic phase lasted from 2696 Ma to 2690 Ma
and resuktd in the deposition of the wackes, siltstones and mudstones of the Porcupine assemblage,
the formation of the oldest folding structures and the firsttegtonic intrusions recognized in the
Abitibi (Ayer et al., 2002 anckf. therein. The second deforation and metamorphism event lasted
from 2687 Ma to 2675 Ma and resulted in deposition of the conglomerate, sandstone and localized
volcanic rocks of the Timiskaming assemblage and emplacement of alkalic fiyenst al.,
2002) The final deformationlpase in the Abitibi posilated Timiskaming sedimentation and resulted
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in folding and emplacement of Algoman granites axgp® granites from 2660 to 2640 Niayer et
al., 2002)

Gold-rich mineral deposits are associated with each tectonic phasedafhepment of the
Abitibi. Compressive regional deformation superimposed different mineralization styles upon one
another where the end reswthsoverprinting of the existing mineralization or geng&rnatof new
styles of mineralizatiofDubé and Gosselin0B7). The most important mineral deposits in the
Abitibi are gold deposits, of which there are 3 main types: greenbtmsied quartzarbonate vein
deposits, intrusiomelated gold deposits and Aich VMS deposits. Auich VMS deposits will not
be considred further because of the significant temporal and genetic differences of those deposits
compared to intrusierelateddeposits.

1.4.4 Greenstone-hosted quartz-carbonate vein mineralization

Greenstondnosted quartzarbonate gold deposits arost abundartype of golddeposit in the

southern Abitibi greenstone belt. Mineralization is characterized by modetatshtgeplydipping
structurallycontrolled networks of laminated gelsbaring, quartzarbonate, faultill veins set

within altered wall rockDubéand Gosselin, 2007Although goldbearing veins can be found in any
lithology present at the mine scale, they are preferentially hosted by mafic to ultramafic volcanic
rocks, competent irerich tholeiitic gabbroic sills and granitoid intrusions of Archeae(Dubé and
Gosselin, 2007)These deposits generally possess weak carbohlaiéte alteration related to

regional greenschigjfrade metamorphism. Alteration styles that are observed at specific gold deposits
include Fecarbonatization (ankerite afeion), albitization, tourmalinization, #eldspathization,
sericitization, silicification and chloritization peripheral to mineralization. Greenstone hosted quartz
carbonate vein deposits, in general, have a number of common features, regardlesssoftie& h

type (from Dubé and Gosselin, 2002) fault and shear zone related extensional veins hosted in
carbonate altereandpyrite- or arsenopyritdearing host rock 2) deposits are typically hosted

within first order regionascale structuisor related secondrder structures; and 3) deposits have
significant vertical extent withestrictedmetallic zonation. The alteration styles at each deposit

depend on the type of host rock, but in general -gi@mbonate alteration is ubiquitous.
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1.4.5 Intrusion-associated mineralization

Intrusionassociated gold deposits in the Abitibi are similar to quzatbonate vein deposits with
respect to locatioand some alteration and mineralization characterigiobert (2001) proposed a
distinct classificatiorof intrusionassociated deposits because of mineralizing and alteration
differences between intrusiassociated deposits and typical quadebonate vein deposits.
Intrusiontassociated mineralization is characterized by zones of disseminated pyriggiavith
stockwork veins hosted in larger zones of carbonate, albite daldigpar alteration in the intrusions
(Robert, 2001)Robert (2001interpretedhat gold is genetically related to intrusions and is deposited
from the magmatifiydrothermal systenather than fluids associated with regional scale fault zones.
The intrusiorassociated characteristics considered unique from geatpnate vein deposits

include: 1) the lack of throughoing quartzcarbonate veing) oxidized mineralizing conditions
indicated by hematitmagnetite + anhydritend 3) negative to magmati&'S values in pyrite

(Robert, 2001)

1.4.6 Structures in the Abitibi

Gold mineralization in the Abitibi Subprovince shows strong spatial correlation with regicadel
structures, namelthe Porcupindestor deformation zone in the north and the CadilcerLake
deformation zone in the southigure1.1). Gold mineralization locally correlates with structural traps
along these regional deformation zoniesluding:dilational fault sysems rheological contrastand
lithologies with specific chemistry and intersection of different structiMe€uaig and Kerrich,

1998) The distribution of gold at quartarbonate vein deposits is controlled by veins developed
within shear zones hostedthin the larger scale deformation corrid@eodgson, 1989)The overall
structural development at most deposits is well constrained by regional mapping, geochronological

work and minescale vein and crosscutting relationships.

1.5 Sample and Data Collection Methodology

Characterization of the mineralization at the YoWayidson deposis accomplished through a
combinaton of hand specimen observation, rock slab stajtragsmitted and refleedl light
petrographic analysis, scanning&ron microscope (SEM) analysis, wavelendjgpersive electren

microprobe (EMP) analysis amdajor and trace element geochemistnalyzed by a variety of
11



methods detailed in the sections beldviotal of 464 samples were collected: 280 samples of drill

core from holes drilled by Northgate Minerals Corporation between 2006 and 2010; 132 samples
from an underground ore crosscut that was mapped in the summer of 2008; and 52 surface samples
from around the Matachewan area collected during field mappin@0i@. Zwo-hundred seventgine

major and trace element lithogeochemical analyses were obtained from two commercial laboratories
(details below); 221 samples of drill core, 33 from the ore crosscut, and 25 from select surface
exposures. A total of 238 polistl thin sections: 148 from drill core, 47 from the ore crosscut and 43

from surface exposures were examined in the course of this thesis.

1.5.1 Samples

The strategy for sampling drill core for major and trace element geochemistry was to collect samples
thatcontained the least amount of vein mate&amples were chosen based on a nunfhariteria:
alteration typealteration intensitythe relative location to the ore zgtithology; andintrusive

textures Geochemical samples were collecéd spacingf approximately 25n (or les3 down

hole, depending on the relative changes in the above critegeneralif the sampling criteria varied
substantially over the 2% interval, additionasamples were collectdd represent the variation for

that inerval Theend goabf geochemical samplingasto constructwo N-S cross sectiontrough

all zones of the mineralized syenite and to present the deyidsitgeochemistryfahe syenite on

vertical NS sectios through the deposiT.wo cross sectionwere created and are discussed further

in Chapter 2; SectioR.3and Sectior2.6.

At the ore crosscut, representative wall rock samples were colle@ethaspacing alonthe 80
m N-S crosscu{discussed in Sectidh5.2. Samples were collected @onjunction with the structural
study of the ore crosscut Bpang et al.Z012) to determine the gechemical and petrographic
characteristicef each vein set ia structural contéxLarge veins were removed from each sample

prior to analysis

Surfacesampls were collected tobtainleastaltered syenite samplés from the mineralized
Young-Davidson syenite. Samples were chosen bas&eathering intensitgndthe relative
distance from thenine site and the CLLDZSincefresh syenite is generalibsent from drill core

sampling, one goal of surface sampling was to see if a true unaltered sample of syenite could be found
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north of the mine site away from the deformation zone. Prior to geochemical analysis, veins and the

weathered crust were removiedm surface samples.

Samples were collected for petrography during all stages of sampling. Interesting vein and
alteration related features were collected for petrographic analysis to determine the relative mineral
paragenesis for different alteratiogles and intensities of alteration. The focus of petrographic study
was to determine the crelated minerals associated with each stage of mineralization outlined at the
ore crosscut. Therefore, veins and disseminated sulfides in syenite represenitya onh e
collected petrographic samples. A small number of volcanic and sediment samples were also
collected for analysis.

A full list of drill core samples with hand specimen descriptions and sample photos can be found in
Appendix A

1.5.2 Staining

Select amplesfrom theore crosscuivere stained for Keldsparto determine if thereverevariations
in theabundancef K-feldspar in the syenite and determine any trends theduldbe related to
mineralization Thin section blocks and larger slab sampleseweat, and sent to Vancouver
Petrographics for Keldspar stainingSamples were etched with concentrated HF solution for 3
minutes, dipped in water, dipped in a barium chloride solution and then immersed in a solution
containing sodium cobaltinitrite fdr minute, thereby staining-feldspars yellowas outlined by
Bailey and Stevens, 1960 full photo collection of Kfeldsparstained samples can be found in
Appendix H

A number of samples were stained for harbonate at the University of Waterlocain effort to
better characterize the carbonate minerals in thegiiamed altered groundmass and in the different
vein generations. Thin section blocks were first submersed in a deionized water bath, then placed in a
mixture of deionized water, HCI, ahrin red C,4HgO,4), and Kferricyanide for 4 minutes with
constant agitation (Conliglio pers. comm., 2011). A full photo collection ofdesbhonate stained

samples can be found Appendix |
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1.5.3 Geochemical analyses

Samples were analyzed at Geosciencentatbries (GeolLabs) in Sudbury, Ontario and Activation
Laboratories (ActLabs) in Ancastédntario.

GeolLabs analyzed major elements by XRF (with LOI from weighing), trace elements by fused
pellet ICRMS, S by infrared absorption and?Fby titration. Samples were first processed with a
small jawcrusher, rifflesplit and then pulverized in a 99.8% pure@Jplanetary ball mill to 170
mesh (80 em); a minor amount of Al i s expected to
method. Major elementseredetermined by Xay fluorescence (XRF); samplegrefirst run for
LOI and then fused with a borate flux to produce a glass bead. Trace elemmdstermined by
ICP-MS; the samplevasdissolved in a closed vessel mudtid (hydrofluoric, hydrochiic, nitric
and perchloric) digestion chamber that is designed to promote total dissolution prior to analysis. Total
Swasanalyzed by infrared absorption where sulfiasoxidized by combustion and measured by
infrared absorption. Ferrous irerasanalyzel by titration where samplegeredissolved in an
aggressive nooxidizing acid mix, and titrated with standardized permanganate. Precision for major
elements analyzed by XRF, tested with sampling duplicates, is better than 5%. Precision for trace
elementsanalyzed by ICRMS, tested with sampling duplicates, is better than 10% except for Ba
(precision 100%), Be (40%), Bi (60%), Cd (50%), Dy (20%), Gd (15%), In (15%), Sr (80%) and Tm
(30%). The low precision for Ba and Sr is because of extremely high coofedch in the samples
(> 2000ppm for each, analyzed by pressed pellet XRF; Nadepubl datd. For Cd, the low
precision is due to values near detection limits. LOI and total S analyses are precise to 10%, tested by
sampling duplicates. Due to redeamplications arising from Bg F€* S* and $* being present in
the samples, Féanalyses are precise to 80%, and thaseomitted from the results presented in this

thesis(Geoscience Laboratories, 2011)

ActLabs analyzed major and trace elemédytéused pellet ICRMS; total S was determined by
infraredabsorptiorand As, Au, Br, Cr, Ir, Sc and Se were analyzed by INAA. At ActLabs, samples
are first crushed to 1.7 mm, riffigplit and then approximately 1@0of sample is pulverized to 150
mesh(D5 em) in a mild steel mill that does not intr
determined by fused pellet IGRS where samples are fused with a lithium metaborate/tetraborate
flux to produce a glass bead that is dissolved and analyzed BM8CBince major elements at
Geolabs were analyzed by XRF, a subset of sanmaealso analyzed for major elements by XRF

at ActLabs to compare with the IS data. Precision betwe®iRF and ICPMS analysest
14



ActLabs is better than 5% and major elem@R-MS analyses are considered comparable with
results produced by XRF. Precision for all majad traceslement dat at ActLabs is better than 10%
tested by sampling duplicatesxcept for Zn (50%), As (50%), Sb (80%), W (15%), Tl (20%), Pb
(20%) and Bi (3@6) (Actlabs Group of Companies, 2011)

Since the data used in this study was obtained by two labs, a subset of samples analyzed at
Geolabsvasreanalyzed at ActLabs for comparison. From these duplicate analyses it was determined
that major elements areqmise to 25% and trace elements are preci88%o Lab standards were
utilized during geochemical testing to ensure accuracy and to check and correct for instrument drift.
Comparing data from analyses obtained from two laboratories wiliifferentmethods is not ideal.
Conclusions from figures using data from both labs as a complete datafais considered to be
semiquantitative, whereas conclusions from calculations using data from a single lab are
guantitative Therefore aly data obtained éim ActLabs will be used in the mass balance calculations
presented in Chapter 2; Sectid.

A full database of the geochemical data obtained from both labs is providpgendix D

1.5.4 Mineral-chemical analyses

The chemical composition of erelated mirrals (rutile, grite and gold) was analyzed with a
wavelengthdispersive electron microprobe at the University of Toronto, Ontario, and the University
of Michigan, Michigan, USA. Rutile and gold grains were analyzed on the Cameca SX50 electron
microprobeat the University of Toronto, which is equipped with 3 tunable wavelength dispersive
spectrometers. Rutile compositions were determined with the following operating conditiés: 20
50nA, 1¢ nbeam sizeind element counting times detailed in Section G@d compositions were
determined with the following operating conditions:kKRQ 20 nA, 1& nbeam size andlement
counting times detailed in Section 3B3yrite grains were analyzed on the Cameca SX100 electron
microprobe at the University of Michigawhich is equipped with 5 tunable wavelength dispersive
spectrometers. Pyrite compositions were determined with the following operating conditi@N’s: 20
100nA, 1¢ nbeam sizeind element counting times detailed in Section &.8etailed summary of

therutile, gold and pyrite analytical conditions is provided in Sec3i@n
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2.1 Introduction

The syenitéhosted YoungDavidson gold deposit iscatedin the southern Abitibi greenstone belt of
the Canadian Shield, Ontario, Canatlae southern Abitibi isenowned foilorogenicgold deposits
hosted within a variety of lithologies anpadially related to Timiskaming sedimentary rocks, felsic
intrusions and regional scale deformation zones such as the PorDasitoe deformation zone
(PDDZ) and the CadillatarderLake deformation zone (CLLDZeen irFigure2.1 (Dubé and
Gosselin2007) Evidence at some deposits suggests thatmaldralizationis genetically related to
emphlcement of the felsic intrusion; these deposits have been tarmeslonassociatedold-
depositqRobert, 2001)Many orogenic deposits are spatially asstma with felsidntrusions and

the role of the intrusioat some orogenic deposits is stithntroversial At some deposits gold is
spatially related to intrusions but is dominantly hosted in veins within other rock g/ges (
Hollinger-Mclintyre and Reg whereas mineralization at other deposits is hosted mostly wiitéin
intrusions €.g., UppeiBeaver, Beattie and Yourigavidson; Robert, 2001Therole of intrusiors is
generally interpreted in two ways) mineralizations localized in the intrusiobhecause of favorable
rheological and geochemicabntrastsor 2) gold is related tthe magmatidydrothermal system that
was associated withmplacement of the intrusion ahdssubsequently been overprinted by regional
deformation(Robert, 2001)Studies of select syeniteostedgold deposits has outlined unique
mineralization and alteration styld®at support the genetic model arahtrast withcharacteristics
from typical orogenic gold deposits (Robert and Poulsen, 1997; Robert, B§@&Dntrast cther
studieson otherintrusionrelated gold deposiia the Abitibi Subprovincdave shownhatthe
association islue torheologicalcontrasts and geochemically favorable host lithologies (Kerrich and
Watson, 1984; Ispolatov et al., 2008yidence fo direct relationship between gold mineralization
and the intrusive hosts includdisseminated mineralization that is nearly completely hosted within
intrusive stocks, a lack of througjoing quartzcarbonate veinghat ae typical of orogenic
deposits)evidence for fluids with relatively high @(i.e., abundant sulfate and oxioénerals

relative to sulfides sulfur isotopic compositions for pyriend temporal relationships that suggest

mineralization has been overprinted by regional struc(i®ebert, 2001).

The YoungDavidson gold deposit is hostddminantlyin coarsegrained porphyritic to trachytic
syenite thaintruded roughly along the contact between Timiskaming sedimentary rocKssalate
volcanic rockstigure2.2 andFigure2.3). The YoungDavidson syenite and neighboring rocks are

interpreted to lie alonthewestern extension of the regiorgmale CLLDZthat is found affecting
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Figure 2.1: Gold deposits in the southern Abitibi greenstone belt, Canada. (Modified frorDubé and
Gossédin, 2007

similar rocks in the Kirkland Lake area (Ispolatov et al., 20@®)d mineralization at Young

Davidson is characterized by intengetassiehematitepyrite altered syenit¢hat is crosscut by
abundant quartz and quadarbonate veins. The maity of the defined resource at Youwavidson

is hosted by syenite; however, gold can also be concentrated in altered volcanic and sedimentary
rocks that host quartz and quacerbonate veins and have been deformed. Robert (266%)dered
thatthe chamcteristics of the YounBavidson intrusiorareconsistent with intrusionelated gold
mineralization. The localization of gold dominantly in syenite combined with oxidized mineral
assemblages and a magmatic S isotope signature has been used asfevidegareetic relationship
between the intrusion and gold at Yotbgvidson (Sinclair, 1982; Cameron and Hattori, 1987,
Robert and Poulsen, 1997). A recent study by Zhang étdl2(has shown that at Yourigavidson,
gold-bearing vein sets hosted in thygenite can be related to regional movements along the CLLDZ.
Therefore the mineralization at Youavidson can be interpreted to have characteristics of both
typicalorogenic and intrusioassociated styles of mineralization. The aim of this study is to
characterize the vein, alteration, mineralization and geochemical characteristics of thehegeite
mineralization in a structural context outlined by Zhang e®éll?. By performing alteration,
mineralization and geochemical studies on samplesnaatistructural contexhegoal is to develop a

genetic model for the gold mineralization at the Yoayidson deposit.
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2.2 General geology

The general geology of the Matachewan area is shoWwigure2.2. The main lithological units

consis of roughly eastvest trendingouthwaredipping units of lower greenschigtade meta
sedimentary and metalcanic rocks (Berger, 2006). Volcanic and sedimentary rocks have been
intruded by syenite, crosscut by nesthuth trending diabase dikes of tiatachewan swarm and
overlain by relatively horizontal Proterozoic sediments of the Cobalt Group. Since all of the Archean
rocks in the Matachewan area are metamorphosed to greenschist facies (locally up to amphibolite
facies; Lovell, 1967), the prefix neetis implied for all Archean unite(g, metavolcanic) and will

be omitted in the following sections. The main structural feature in the Matachewan area is the east
west striking regionascale CLLDZ. Intense deformation and alteration is generalljiciest to areas
affected by theCLLDZ, however, in the northern part of the map area smaltige&ding shear zones

are interpreted as splays off of the CLLDZ (Zhang e®éll2. A minor component of late brittle
movement developed along theS\trendingMistinigon Lake and the Montreal River faults west and
east of YoungDavidson, respectivelyr{gure2.2). These late faults have variable amounts of left
lateral offset (Lovell, 1967; Ayer et al., 2002) and are likely related to the emplacement eEthe N
trending Matachewan swarm diabase dikes. There are a number of felsic porphyritic intrusions in the
Matachewan area, north of and including the YeDagidson intrusion. The Cairo stock is the

largest pluton in the area and is relatively fresh compartéet¥oungDavidson syenite. The
relationship between the Cairo stock and the YelDagidson intrusion has been interpreted as a

distal dike system by Lovel (1967). TheRb zircon age of the Yourgavidson intrusion (Zhang et

al., 2012 is consistent witlage of the Cairo stock (Bb zircon age; Berger, 2006) and supports the
interpretation of Younddavidson as a distal dike to the Cairo stock. Southern portions of the Cairo
stock contain deformation and alteration characteristicatieatterpretedo represeninfluence

from the CLLDZ (Berger, 2006). Small syenite intrusions north of YeDagidson between the
Montreal River and Mistinigon Lake faults are relatively undeformed and are generally barren (with
exception of the GiMo-Au bearing Ryan Lake trusion; Sinclair 1979) with only minor carbonate

baritex quartz + fluorite veins.

The mine scale geology of Yowavidson is shown ifigure2.3. Based on field relationships,
Zhang et al.Z012 determined that the Yourgavidson syenite isloselyassociated witlthe
CLLDZ. This deformation zone /s 600m wide in the Matachewan area and is outlined in both

Figure2.2 andFigure2.3 (Zhang et al.2012. Westsouthwest oY oungDavidson Archean rocks
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Figure 2.2: General geology of the Matachewan area (modified from Zhang et aR012. Cairo U-Pb age
21

from Berger (2006), YoungDavidson and north intrusion U-Pb ages from Zhang et al.Z012, and Ryan

Lake (porphyry Cu-Mo-Au) Re-Os molybdenite age fromR.L. Linnen (unpubl. data).
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areoverlain by undeformed Proterozoic cover; therefore the location and extent of the CLLDZ is

poorly constrained.

2.3 History of Young-Davidson

Gold mineralization at Your®avidson is hosted dominantly by syenite. Two former miMesng

Davidson and Matachewan Consolidated collectively mined the west and east end of the Young

Davidson syenite, respectively (Sinclair, 1982). Historic production at ¥Bawidson consisted of

guartzcarbonate vehassociated gold mostly fromtrusiverocks but also from volcanic and

sedimentary rocksThe distribution of Archean rocks and surface projection of the mineralized zone

at the YoungDavidson mine site is shown by the plan view mapigure2.3. Since acquisition of
Young-Davidson by Northgate Minerals Corporation in late 2005, drilling has expanded the
22
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Figure 2.4: Schematic long section through the Youndpavidson deposit (looking north) showing location
of the Upper Boundary Zone (UBZ), Lowe Boundary Zone (LBZ), Lucky Zone (LZ) and Lower YD

Zone (LYDZ). The location of the studied ore crosscut is indicated with the black star. The location of the
two N-S geological cross sections at 2278{E and 23240mE from Figure 2.5 are indicated with vertical
black lines. Based on unpublished data from: Edmunds2012)

underground resource (as of 201d14.6 million tonnes (measured and indicated) at an average
grade of 2.03 g/t Au and an undergrouesgtrveof 39.1million tonnes(proven and probableat an
average grade &.79g/t Au (AuRico, 201). In 2011, Northgat®ineralsCorporatiorwas acquired
by thecurrent ownetoperator AuRico @ld Corporation. Gold mineralization at Yougvidson is
subdivided into 4 main zones: Upper Bdary Zone (UBZ), Lower Boundary Zone (LBZ), Lucky
Zone (LZ) and the Lower YD Zone (LYDZ); shownhigure2.4. As part of this study, an 88 long
N-S oriented ore crosscut (back steigure2.4) was chosen for detailed structural mapping, ore
petrographyandlithogeochemistry in order to characterize the mineralization with respect to
alteration and different vein generations at this locality. The framework developed during this initial
study was then applied to the deposit wide study of the minerafizatttéoungDavidson.Drill holes
from two NS vertical cross sections werelogiged and sampled. These sections cut through the
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during resource modeling.Core logging by AuRico gologists.Grid spacing is 100m. Ground surfaceis
at approximately 10300z; these cross sections do not intersect the surface.
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center and western portion of the deposit, at 232B0and 22790nE (mine scale) respectively. The
N-S horizontal extent afach section is shown by the labeled black lindsgnre2.3 and the vertical
extent of each section is shown by the labeled black linegime2.4. Lithology, drill hole traces
and sampléocations from each cross section are showFignre2.5. Cross sections were
constructed using a 48 window oneither side (90n total slice width) to allow for sampling of drill

core above and below tineneralized zone.

2.4 Local geology

2.4.1 Structure

There are 3 recognizalp®stTimiskamingdeformation events in the Archean rocks of the
Matachewan area (Zhang et @012. The details of that study are only summarized here, but an
important observation is that structures from the regiprealimiskamingD; deformation are absent
from the present study area; thus the Matachewatef@rmation correlates to the regional D
(Matachewan B= Regional Q3; Zhang et al.2012 and in the text below all abbreviations (D for
deformation and S for foliation) refer to Matachewan observations

Syenite emplacement and Timiskaming sedimermtatiere coeval, and padated the B
deformation. R consists of northeast to southwest compressionanééries of togpo-the-north
northeast thrust faults, and is recorded as a Wwep&netratives, foliation thatoverprintsbedding in
volcanicand Timskaming sedimentampcksat small angle§Zhang et al.2012. This foliation is
generally observed north of the Youbgvidson syenite, distal to the CLLDZ. Close to the mine site
and CLLDZ, intense shearing during Bas nearly completely overprintedésr structures. The,S
foliation can be identified in isolated shear zones north of Ydangdson that are interpreted as
splays off of the CLLDZ; however,$% dominantly restricted to areas directly affected by the
CLLDZ in the southern portion of éhmap area (Zhang et &012. The dominant fabric in the
Matachewan area developed during thel&formation and is spatially and temporally related to
development of the CLLDZ. The,leformation occurred under northwest to southeast compression
and wa characterized by top to the northwest oblique thrusting and-slikehearing (Zhang et al.,
2012. Rocks within and adjacent to the CLLDZ show steeply sdighing eastrending $ foliation
that ranges from open folding, isoclinal folding, crenolatleavage and eventual transposition to the
penetrative Sfabric (Zhang et al2012. A similar postTimiskaming B deformation that generated

eaststriking, steeply dipping penetrative foliation along the CLLDZ is observed in the Kirkland Lake
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area(Ispolatov et al., 2008). At Matachewan, tight isoclinafdfds of early quartzarbonate veins

are observed in Tisdale mafic and ultramafic volcanic rocks and Timiskaming sedimentary rocks. In
drill core, the penetrative, $oliation is the dominant sicture. Boudinaged veins and stretched
pebbles are associated witjaBd locally $is masked by intense veining. The major eesst

trending penetrative foliation has been overprinted by late bditiiéile D; deformation which

generated fopen foldsand subvertical $cleavage (Zhang et a0p12).

The eastvest trending CLLDZ is the most important structure in the Matachewan area and
developed during the FD; deformation. Based on local detailed structural map@hgng et al.
(2012 determined tat the CLLDZ nearly completely envelops the Youbavidson syenite and the
surrounding sedimentary and volcanic rodkigigre2.3).This deformation zone is known to extend
east from Matachewan, through Kirkl agnHobditake and
1989). The Youndpavidson syenite hosts several vein generations that can be related to regional
structural events (Zhang et &012. Similarly, volcaniehosted quartzarbonate veins have been
historically mined at Youngpavidson (Edmund<009); these veins possess alteration and
mineralization characteristics similar to volcahizsted quartzarbonate vein deposits elsewhere in
the Abitibi (e.g., McCuaig and Kerrich, 1998).

2.4.2 Tisdale Ultramafic and Mafic Volcanic Rocks

Ultramafic and ma€ volcanic rocks are the oldest rocks in the Matachewan area and forwesast
trending soutkdipping folded bands of volcanic rock, as seeRigure2.2. The volcanic rocks in
Matachewan were formerly known as the Laridake but are now part of thestale assemblage,
deposited at 2710 to 2703 Ma-@b, zircon; Ayer et gl2002). Regionally, the Tisdale assemblage
consists of komatiites, tholeiitic basalts, rhyolites and intermediate to felsialkalme volcanic

rocks (Ayer et al., 2002). At YourQavidson, this group is dominantly basalt with lesser amounts of
ultramafic and felsic volcanic rockkdvell, 1967, Zhang et gl2012. Undeformed ultramafic and
mafic flows north of the CLLDZ show wefireserved primary structures: spinifex and pillow
structures, respectively. Ultramafic volcanic roeksalso encountered in dritiore close to the
YoungDavidson syenite, however proximal to the CLLDZ ultramafic rocks are strongly foliated and
intensely altered. Since primary structures from deforntteanafic rocks are absent, they are

identified based on the presence of fuchsite, talc, chlorite angartonate alteration. Mafic
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Figure 2.6: Features of maflc volcanlc rocks in drill core at YoungDawdson A) ReIaﬂver fresh weakly
foliated chlorite -carbonate-albite altered volcanic rock with minor albite alteration along foliation. B)
Gold-bearing intensely albiteiron-carbonate-pyrite altered volcanic rock. Abundant pyrite, weakly
magnetic, foliation defined by wisps of pyrite. C) Transpositiorof S, defined by early iron-carbonate
stringers to the dominant S foliation (unpublished photo by J. Zhang). D) Photomicrograph of
boudinaged quartzcarbonate veinlet in relatively fresh finegrained chlorite-carbonate-bearing mafic-
volcanic rock. Crosspolarized light. E). Fresh volcanic rock with finegrained chlorite defining foliation,
coarser carbonate grains associated with fingrained euhedral black magnetite. Plane polarized light.

volcanic rocks close to the mine site and CLLDZ tend tevéakly to stronglyfoliated with variable
alteration styles, veining and evidence of transposition where primary structures have been

overprinted by penetrative foliation (Figu2éA, B and C).
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Leastalteredequivalent mafic volcanic rocks at Youlgvidson ae typically very finegrained (<
200e m) , dar k @reyrecalor,tara arg composed primarily of chlorite,icanbonate,
calcite, magnetite and hematite with accessory rutile, pyrite, quartz and feEigpae2.6D and E).

The rocks are commmly foliated and are variably crosscut by carbonate + quartz stringers that are
associated with fine to mediugrained cubic pyriteRigure2.6A). In thin section, foliated volcanic

rocks typically contain alternating coarse quartz + carbonate layefgasgtained chlorite +

carbonate layers. Coarse quartz and carbonate grains occur in boudinaged lenses that also commonly
contain barren, cubic pyrite. These boudinaged quantzonate lenses represent-preguartz

carbonate veins that were deformediniy regional deformation. Pyrite in fresh volcanic rocks is

euhedral compared to that hosted in altered volcanic rocks, and with pyrite found in the syenite.
Chalcopyrite is commonly as anhedral grains along the outer boundaries of this phase ohgyrite, a

less commonly within the boudinaged veins away from the pyrite grains. Chlorite defines the local
foliation within volcanic rocks, and in fresh rocks early carbonate *+ quartz £ pyrite veins are

deformed and do not crosscut the local foliation.

2.4.3 Timiskaming Sedimentary Rocks

Regionally the Timiskaming sediments have been dated by Ayer et al. (2002) at 2687 to 2675 Ma (U
Pb,youngestetrital zircon). In the Matachewan area these sediments are made up of conglomerate,
sandstae, fine sandstone asdtstone that argenerallygrey, to grey-green, but are reddidirown in

color proximal to the CLLDZ and the Yowiggavi dson syenite. Sedimentary r
of meters of altered syenite intrusions commonly have acquired similar alteratesnasiygl

intensities as the neighboring intrusive rocks. These similarities lead to difficulty differentiating
sedimentgrom syenite where both are fine grained, in contact and lack characteristic sedimentary or
intrusive features. The Timiskaming sedingmh general, contain < 1% to 15% subangular to
subrounded sedimentary or volcanic clasts that arensn3o 10cm across. During core logging,

AuRico geologists subdivide Timiskaming rocks into conglomerates (> 15% clasts) arlukel@sy
sandstones ailtstones (< 5% or fewer clasts). Close to the CLLDZ, sedimentary clasts are
ellipsoidal and are elongated parallel to the major penetrafifei&ion along the CLLDZ. North of
CLLDZ, clast elongation in sediments is rarer but occurs locally in shelir zones. Younging

indicators found in the northern band of sedimeRitgure2.7A) indicate younging to the northeast

and indicators in the southern band closer to the mine site indicate younging to the south.
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Figure 2.7: Examples of Timiskaming sediment encounteredat Young-Davidson A) Cross bedding in
siltstone indicating younging to the northeast in the northern band of Timiskaming sedimentary rocks
(Figure 2.2) in the Matachewan area (photo: Zhang pers. comm2011).A) Altered syenite dike
crosscutting relatively fresh fine grained sandstone;Qtz + Cb + Chl veins crosscut the dikeScale bar in
cm. B) Sheared Timiskaming sediments with possible syenitic clast containing minor carbonate stringers,
other clast types present within this rock Scalebar in cm.

Zhang et al.Z012 has interpreted this younging reversal as evidence of large scale open folding of
the volcanic and sedimentary assemblages in the Matachewan area dutifigrBation.

Rare syenite clasts are present in the Timiskaming sediments. In drill core, identification as a true
sedimentary clast is problematic because syenite dikes of all sizes are known to intrude the
Timiskaming sediments (e.drigure2.7B). Since these clastse commonly hosted within sheared
sedimentary sections, they could be explained by deformation resulting in boudinaged dikes (e.qg.,
Figure2.7C). However, boulders of syenite have been identified in a basal conglomerate in
Timiskaming sediment (Zhang at, 2012, which supports the characterization of syenite as clasts in
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sheared Timiskaming sediments intersected by drill core. At the site where syenite boulders are
identified, quartz veins crosscut both the sedimentary matrix and the syenite bdultars,
unmineralizedU-Pb aye dating of theesyenite boulders indicates that they are coeval with the
Young-Davidson syenite (Zhangnpubl data). Syenite boulders in basal conglomerate in the
Matachewan area is consistent with the general formatiodél from the rest of the Abitibi: that
Timiskaming sedimentation and felsic plutonism were roughly coeval and associated with generation
of the major crustal scale deformation zones CLLDZ and PDDZ (Robert and Poulsen, 189&). Th
relationships indicatthat even with the dominant intrusive relationship between syenite and
Timiskaming sediments at Matachewan, some phafsggenite are pr@imiskaming Similarly, at
other syeniteassociated gold deposits, there is often a close temporal relationshipiéttmesive
and sedimentary rocks, outlined by Robert (1997; 2001).

2.4.4 Young-Davidson Syenite

The YoungDavidson syenite is an eagest trending intrusion that was emplaced roughly along the
contact between the mafidtramafic volcanic rock of the Tisdale assemblage to the south and
Timiskaming sedimentary rocks to the noffligire2.3). The main syenite body is an elongate
intrusion measuring ~1 km easest and ~300 m norsouth and is dipping approximately 7% the
south (Edmunds,@D9).The U-Pb zirconage of the Youndpavidson syenite is 2678.8 £ 1.6 Ma
(Zhang et al.2012, which is coeval with Timiskaming sedimentation (2680 to 2da5Ayer et al.,
2002). The WUPb zirconage of a porphyritic syenite intrusion north of YotbDgvidson is 2677 + 1.3
Ma, which is consistent with the age of YodDgvidson (Zhang et ak012. The age of Young
Davidson is slightly oldethanthe Cairo stock (tPb age from zircon: 2676 + 1Ma; Berger 2006)
found northeast of YounBavidson (discussdaelow) however both intrusions show deformation
and alteration characteristics consistent with an overprint by the CLLDZ. Since the portions of the
Cairo stock affected by the CLLDZ have been dated at 2678 Ma (Berger, 2006) the maximum
age of deforration along the CLLDZ is 2676 1.7Ma. Intrusive contacts of the Yowfigavidson
syenite with volcanic and sedimentary rocks are commonly deformed proximal to the CLLDZ.
Porphyritic textures and the coeval nature of syenite and sedimentary rocks inteiasgenite has
intruded at relatively shallow depths (Robert and Poulsen, 1997). Based on the distribution,
orientation and crosscutting relationships of veins within syenite, sediment and volcanic rocks as well

as foliation preserved in the sediments &olcanics in proximity of the syenite, Zhang et 2012
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Figure 2.8: Syenite in drill core at Young-Davidson. A) Fresh porphyritic syenite, minor carbonate
alteration, and crosscut by minor carbonate stringers47.6 mm width drill core. B) Mafic syenite with Bt
altered to Chl in groundmass and elongate purple Ndeldspars.Scale bar in cm.C) Deformed contact
between different phases of syenite within the intrusion: Left Chl-bearing massive syenite, Right
coarse trachytic syenite. Caotact is deformed.Scale bar in cm.D) Potassichematite altered massive
syenite with deformed quartzFe-carbonate veins.Scale bar in cm.E) Photomicrograph of leastaltered
porphyritic syenite with brittle deformation of feldspar phenocrysts, fine-grained Cb-Chl-Ser in
groundmass and carbonate vein to top right. Cross polarized light. F) Feldspar replacement in fresh to
weakly altered syenite. Tartan twinned microcline is overprinted by untwinned feldspar, and
subsequently overprinted by carbonate and weasericitization. Cross polarized light.

hasdetermined that the intrusion of the YouDgvidson syenite was pre to sk and temporally

related to Timiskaming sedimentation, jt&ting development of the CLLDZ.
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The YoungDavidson syenite is a multiphasgrusion that includes different textures: fine to
coarsegr ai ned (< 500 e€m to > 2 c¢cm), porphyritic, tra
composition Figure2.8; detailed below). All intrusive rocks within the YouBgvidson stock can
be classifiedhs alkalifeldspar syenite, syenite or quasigenite depending on the relative proportions
of quartz and Kand Nafeldspars. The variation between different texttypes of syenite can be
summarized as a product of grain size, abundance of feldspaoglgsts and orientation of feldspar
lathes (in trachytic samples). All studied samples of syenite from Y¥Dawgison contain some
alteration Leastalteredsyenite(Figure2.8A) consists of approximately 40% K-feldspar, 2680%
Na-feldspar, up to 109%erthite, and the rest of the rock consisting of alteration minenaighibole
and biotite grains are rarely observétleastalteredsyenite, ofically continuous albitéwinned
feldsparis replaced by untwinned feldspidwat is commonly turbidPerthie grains commonly occur
as 2 to 3nm rounded aggregates of two or more perthite grains within the syeotiéatially an
autolith indicating multiple intrusive phasédafic syenite is occasionally intersected in drill core and
contains euhedral elongaiarplebrown Nafeldspar phenocrysts hosted in a biotite (altered to

chlorite) and carbonate groundmaB&)(iIre2.8B).

Quartzrich feldspar porphyries (QFP) are also present at the ¥Dangison mine site, however
they are relatively rare, their relatiship to mineralization is unknown and they were not examined in
this study. Syenite is commonly crosscut by other syenite phases containing differing textures or
alteration characteristics (e.gigure2.8C). Syenite is also rarely crosscut by lamproptdikes.
Potassiehematite alteredyenite xenoclasis lamprophyrehave been sampleddowever, since the
studied xenoclasts do not contain any sulfides, it is not clear whether or not thardikesor post
mineralization. At the very least we ceonclude that lamprophyre pesates potassic alteration of

the syenites.

2.4.5 Other Intrusions

Several other coarsgrained felsic plutonic bodies have intruded Timiskaming sedimentary rocks and
mafic volcanic rocks north of YourADavidson Figure2.2). The hrgest intrusion in the area is the

Cairo stock, which is located northeast of the town of Mataahelis a greypink to earthyred,

medium to coarsgrained syenite that intruded the Timiskaming sedimentary rocks and Tisdale

volcanic rocks. The intrusn contains perthite, green amphibole, minor biotite and accessory titanite,
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apatite, quartz and magnet#ad ninor albite a analteration rim on perthite grains (Berger, 2006).
The U-Pb (zircon) age of the Cairo stock is 2676 + 1.7 Ma, dated by B&@@s), which is roughly
coevalwith Timiskaming sedimentatiothe YoungDavidson syenite and other intrusive rocks in the
Kirkland Lake area (Ayer et al., 2005).

The Ryan Lake intrusion hosts porphatyle Mo-Cu-Au mineralization north of Youn®avidson
and west of the Cairo stock, between the Montreal River and Mistinigon Lake (Sinclair, 1979). This
intrusion is coarsgrained and porphyritic intrusion that has a®se(molybdenite) age of 268211
Ma (Linnen, unpubl. dajaSince quartzeins in themtrusion are largely stockwork with no
consistent orientations and the intrusion generally lacks the penetratol@tBn found closer to the
CLLDZ, the influence of the CLLDZ is thought to be absent from théVlovAu mineralization
associated with tkiintrusion (Zhang et aR012. This intrusion also lacks characteristic eagt
potassiehematite alteration and pyritominated mineralization styles that aleservedn the
Young-Davidson syenite.

Other syenite intrusions are located north ofrttag area ifrigure2.2; one of which has been
datal by Zhang et al.2012 at 2677.8 = 1.3/a, which is similar to the age of the YouBgvidson
syenite and Cairo stock. These intrusions are barren of Au mineralizationdthelon quartz veins
are locdly present. Barite and CBb baring fluorite veins have been identifigdthese intrusions,
but are considered late and coeval with late bhetring veins found at Yourgavidson (Zhang et
al.,2012.

2.5 Alteration, Veining and Mineralization

A total of 238 polished thin sections were used to characterize the alteration and mineralization at
Young-Davidson using reflected and transmitted light microscopy supplemented by SEM analysis. A
general alteration, vein and mineralization paragenesis for syamiteolcanic rocks based on these

observations is presentedhigure2.14.

2.5.1 Alteration 7 Distribution and timing

Study of alteration characteristics for each host rock and each phase of syenite is warranted since

sediments, volcanics and syeratepotentially host mineralization and multiple intrusive phases of
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Figure 2.9: Features of altered syenite at Younddavidson. A) Gold-bearing intensely potassichematite-
pyrite altered coarse trachytic syenite, minor carbonate associateditln pyrite. Scale bar in cm.B)
Potassichematite alteration in groundmass between larger feldspars. Minor chloritization and
pyritization associated with fractures, weak late brittle carbonate stringersScale bar in cm.C)
Photomicrograph showing typical albiteoverprint pattern in syenite. Optically continuous albitetwins
are replaced by untwinned feldspar and crosscut by later carbonate alteration. Cross polarized light. D)
Potassichematite alteration halo surrounding Qtz-Cb-Chl veins in coarse trachytic syenite. Abundant
pyrite associated with this veinScale bar in cm.E) Specular hematite (black) and flecks of fineggrained
hematite associated with finegrained carbonatefeldspar alteration in the groundmass. Plangolarized
light. F) Same as E: Specular hematite associated with carbonatteldspar alteration in the groundmass.
Reflected plane polarized light.

syenite exist. There are at least 4 main alteration styles in the N@awmdson syenite: potassic
hematizabn, sulfidation, carbonatization and chloritization. Gold distribution in the syenite is most
strongly associated with potas$iematite alteration and pyritization. Carbonatization is pervasive
and is found in nearly all rocks at Youbgvidson. Based oXRD analyses (Naderi et al., 2012) and
a subset of iroicarbonate stained thin section blocks (presentéghpendix ), syenite and volcanic
rocks at YoungDavidson contain calcite and ankerite as the dominant carbonate phases.
Timiskaming sedimentary os commonly contain alteration characteristics similar to the syenite;
this is well developed at the contact between sediment and intensely altered $yaigkaming
sediments are also commonly potadsétnatite altered in haloes around quartz + catsoweins.

Minor carbonatechlorite alteration is found in the matrix of the sediment away from veins.

Syenite

Potassiehematite alteration in syenite is manifested as the replacement oftalibited feldspars by
untwinned feldspar containing abundéine-grained hematite mineral inclusioridure2.9C). The
incorporation of hematite mineral inclusions into the feldspar tends to darken feldspars in plane
polarized light and results in a brick red colored hand sample. The incorporation of hemé&steflec
feldspar grains has been observed hiyripler and Puis (2009) and is interpreted as the result of
multiple feldspar reequilibration during magmatitydrothermal fluids circulating during granitoid
emplacement-feldspar has also developed in tlleumdmass where fingrained feldspar,

carbonate + chlorite + sericite contains fine hematite flecks that cause brick red staining in the
groundmassKigure2.9E and F). Therefore although weakly altered syenites can contdeidspar
overprint textureghe feldspar replacement textures embanced samples that have been intensely
potassiehematite altered, with strong ira@taining and specular hematite in the altered groundmass
(Figure2.9A, E and F). Potassicematite alteration haloes are develdaround Yveins, and are

generally only visible in the syenite where the groundmass is weakly altered -deld$years still
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dominate the mineralogy (e.¢rigure2.9D). Hematite and magnetite are thainiron-oxide phases
in the syenite. Magnetite @mmmonly associated with carbonate alteration in the groundmass,
however, it has been observed at the center of large, weakly altered feldspar grains in the absence of

carbonate alteration, possibly indicating that it existed as a primary oxide phase.

Hematite, magnetite and pyrite have a very interesting textural relationship at-Dawndson.
The three phases coexist in some samples and overgrow one another in other samples. Hematite and
magnetite coexist as inclusions within pyigtains in potassibematite pyrite altered syenite.
Hematite most commonly has overprinted magnetite although the reverse relationship is also present
and inclusions of both occur inside vein and disseminated pyrite. Less commonly, the textural
relationship between the twee-oxide minerals is ambiguous and the minerals coexist with relatively
linear graingrain boundaries. Potasdiematite alteration alone does not indicate gold
mineralization, but combined with the presence of pyrite, it has served as a good proxy for
mineralization for exploration geologists at YouDgvidson.

Timiskaming Sedimentary Rocks

Potassiehematite alteration in sedimentary rocks is best developed as alteration haloes ground V
guartzcarbonate veins and large syenite intrusiongjuartzcarbaate veins in sediments
commonly contain pyrite, chalcopyrite and galena, and are associated with weak to moderate K
feldspar alteration haloeBigure2.10A). K-feldspar staining of vein alteration haloes shows near
complete replacement of the sedimengngundmass by Keldspar Figure2.10B). Without

staining, Kfeldspar alteration haloes are observed as reddening of the sedimentary matrix in the
vicinity of V3 quartziron-carbonateveins Eigure2.10C). In thin sectiorK-feldspar and quartz grain
graincontacts are sutured. Based on pyrite textures and chemical mapping of pyrite gtens in
sediments (Chapter 3; Martin et @h prep.) sedimenhosted pyrite is a result of multiple episodes
of hydrothermal pyritization. Pyrite associated with thesssic alteration haloes ranges from
euhedral to subhedral, and commonly contains inclemiored pyrite graingGhapter 3Martin et al.,

in prep.) Carbonate alteration is found throughout the sediments and is interpreted as part of the
metamorphic miaral assemblage in regional studies of the Timiskaming assemblage in the
Matachewan area (Berger, 2006). Carbonate staining of thin section blocks shows thastezin

and matrix carbonates are irbraring (Figur€.13); however, detailed carbonate @dtigy has not
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Figure 2.10: Vein-related alteration in Timiskaming sediments. A) Reddening of the sedimentary
groundmass (potassichematite alteration) and aburdant fine-grained disseminated pyrite in close
proximity to a V 3 quartz-carbonate veinfrom th e ore crosscut, UBZB) Stained sample from A: intense
potassic(yellow)-hematite alteration in the sedimentary groundmass. C) Potasshematite alteration as

reddening surrounding quartz-iron-carbonatevein in drill core.

been completed since théections have not been stained and analyzed.

Mafic Volcanic Rocks

Prior to the mineralization events the mafic volcanic rocks were of greenschist metamorphic grade

and consisted of firgrained foliated chlorite, carbonate and feldspar with accessorytiteearad
magnetite. Potassic alteration developed as K and Na addition where muscotfdtielspar and
minor amounts of Keldspar replaced the firgrained chlorite and quartz groundmdastassic
alteration is coupled with intense pyritizatid®utile is abundant throughout altered volcanic rocks,
and is the dominant Fhearing phase. In altered volcanic rockscBkebonate, albite, muscovite and
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Figure'2.1l' Gold-related alteration of mafic volcanic rocks. A,B) Eorsned volcanic groundmass
associatedwith development of albite, iron-carbonate, muscovite, pyrite and minor chlorite. A) Cross

polarized light. B) Plane polarized light. C,D) Anhedral inclusionbearing pyrite in coarsened albitized

groundmass, tourmaline overprinting pyrite in this section,minor chlorite halo on the pyrite grain.

Abundant fine-grained rutile in the groundmass. C) Reflected plane polarized light. D) Plane polarized

light.

pyrite grains coarsen and are more abundant, whereas the abundance of chlorite and quartz decreases.
Themost altered volcanic rocks contain ~8 wdtfur as pyrite, relatively coarse albiten-

carbonatend muscovite, minor #eldspar and accessomytile and tourmalineRigure2.11). In

mineralized volcanic rocks, magnetite and pyrite appear to coeuistre not in contact. Instead,

pyrite is present along some horizons whereas magnetite occurs along others. The boundaries

between pyritedbearing and magnetitgearing zones do not show any significant replacement
relationships, thus the relative timin§pyrite-magnetite iglifficult to discern. In general, magnetite

grains in the mineralized volcanic rocks tend to be euhedral whergagitieds more typically

anhedral and deformed with abundant inclusiéniate magnetitalteration event probablyest
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explains the euhedral magnetitearing zones in mineralized basalts, and is consistent with addition
of iron to mineralized volcanic rocks during gaklated alteration (discussed in Section 2.7 B¢
tourmalineoverprint of pyritealso indicateshat a postulfidation alteration phase has generated

tourmaline, ands potentiallyrelated to thenagnetite Figure2.11).

2.5.2 Veining

Three main vein types hosted by syenite have been characterized in the Upper Boundary Zone (UBZ)
based on structural mapping of the #9 ore crosscut (baclFiggare2.4). Structural and crosscutting
relationships are discussed in detail by Zhang eR@l3 and are summarized below. Zhang et al.

(2012 produced a structural map of the ore crosscut that outlines the structural relationships between
the different vein sets and an excerpt is shown in Figa2A with examples of each identified vein

set h Figure2.12B, C and D.

V, veins

V, veins are the earliest veins at Yotdgvidson and consist of boudinaged guindn-carbonate
veins that are only present in the syenite. These veins are found in all zones of the deposit and display
similar charactéstics regardless of the zone, ¥ins range from <5 cm to > 20 cm in thickness and
are strongly defored. They are composed of-80% irorrcarbonate (ankerite), 116% quartz,

minor amounts of pyrite and-fe€ldspar, and are commonly rimmed by a thiroake + pyrite halo
(Figure2.12B). Ore minerals associated with ¥eins include trace amounts of galena, chalcopyrite,
magnetite, molybdenite and gold as inclusions in py&iece the VY veins are moderately to

intensely deformed, #eldspar grains itthe veins could potentially represent wall rock fragments,
however, tartastwinned hydrothermal Keldspar in these veins would imply a temperature 0f V
vein formation of > 300C (Nesse, 2000). Weins are boudinaged, folded, dipping to the southwest
atmoderate to high angles and are crosscutfyeins and sy, thrust faults (Zhang et ak012).
Based on these structural relationships, Zhang e2Gil2( has determined that;Veins were pré;;

coeval with syenite emplacement.
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Figure 2.12: Structural map and examples of different vein types at the #9 ore crosscut. A) Structural
map of the #9 ore crosscut highlighting vein types and contact relationship with the syenite (Modified
from: Zhang et al., 2012. B) Steeply dipping boudinaged Yiron-carbonate vein with chlorite + pyrite
rim, crosscut by later planar V3 K-feldspar altered vein. C) Moderately dipping quartzpyrite veinlets,
boudinaged, deformed, with abundant pyrite hosted in intensely altered syenite. Dx\quartz-carbonate
veins,relatively planar, en-echelon, tensiongash type veins, minor associated pyrite.

V, veins

The second vein generation from the UBZ is boudinaged gpwrite veinletshat are dominantly
hosted in syeniteV, veinlets are < 2mto 10cmin length and adw centimeters in width, are
boudinaged and folded, and dip to the northeast at shallow to moderate apy&as\are composed
of variable amounts of quartz and pyrite (locally up t&efuartz or 996 pyrite) with accessory
carbonate, chlorite and rwgil The main ore mineral in,Weins is pyrite that is corroded along
fractures and contains abundant hematitggnetiterutile, chalcopyrite and gold as inclusions and
additionally, gold along fractures,¥eins are the dominant gelbaring vein typerbm the ore
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Figure 2.13: Staining of Timiskaming sediment sample E14 (A to C) and UBZ syenite sample RW453
(D to E). A) Unstained sediment. B) Ironcarbonate staining (blue). C) kfeldspar staining (yellow) with
K-feldspar alteration through the sediment matrix proximal to V3 quartz-carbonate vein. D) Unstained
syenite. E) Iron-carbonate staining (blue) with iron-carbonate dominated \4 veins and patches of
alteration in the groundmass. F) Kfeldspar staining (yellow) with K-feldspar dominating the syenite
mineralogy.

crosscut and the UBZ. Based on the structural relationships these veidateadsy deformation

and predated or developed during tBe deformation (Zhang et ak012).

V3 veins

The third vein generation from the UBZ3\are larg planar quartzarbonate veins. They are

commonly > 30 cm (locally > 2 m) in length and > 10 cm in width and are relatively planar compared
to the older, more deformed, vein generations. These veins are composed of variable amounts of
quartz and carbonateither quartz or carbonate dominated) with accessory pyriteldspar and

chlorite. The main ore mineral is pyrite that is generally euhedral and characteristically contains much
less mineral inclusions compared tgand V.. Inclusions of galena, cltapyrite and minor rutile in

V3 vein pyrite contrasts with the hematiteagnetite rich inclusion assemblage ifVeéin pyrite. \4

also commonly hosts galena, chalcopyrite, scheelite and occurrences of native free gold. During study
of the ore crosscut, Weins varied from carbonate dominated along one interval (i.e.;8® mm) of
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