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Abstract 

Island Gold is a currently producing  mine on the high-grade orogenic Island Gold 

deposit in northern Ontario . It  is located within  the southern domain of the regional 

Goudreau Lake Deformation Zone (GLDZ), which trends east-west through the 

Michipicoten greenstone belt of the Wawa-Abitibi terrane.  

The study area encompasses the Island Gold deposit and is located along the 

northern limb of  the Goudreau Anticline,  a regional-scale fold  attributed to D1 

deformation . D2 consists of regional greenschist-facies metamorphism, camp-scale F2 

folds, associated steep axial-planar foliation S2, moderately to steeply east-plunging 

stretching lineation  L2a, and sub-horizontal slickenside striations  L2b. D3 structures are 

camp- and outcrop-scale F3 folding , which deforms S2 foliation into  shallowly-plunging 

Z-folds, weakly developed axial-planar cleavage S3, and brittle reverse faults. The Island 

Gold deposit forms a mineralized corridor south of the  trondhjemitic  Webb Lake Stock 

intrusion . The main Lochalsh, Island, Island Deep, and Extension 1 and 2 Zones consist 

of steeply dipping, subparallel ore zones of laminated V1 quartz veins and V2 veinlets 

within a silicic -sericitic alteration package. V3 conjugate quartz-carbonate extensional 

veins cross-cut V1 and V2 ore veins. Offset to the north  of the main zones is the 

Goudreau Zone, which contains both sub-vertical and sub-horizontal ore zones with  VGD 

ore veins. All pre-existing vein sets and structures were overprinted by V4 tourmaline 

veins. U-Pb zircon geochronology analyses from this study place the age of the 

mineralized Webb Lake Stock at 2724.1±4.3 Ma and the age of the post-mineralization  

I2M int rusion  at 2672.2±3.5 Ma, which constrain the upper and lower  absolute limits on 

timing  of mineralization.  Youngest detrital zircon ages from the overlying Doré 

metasedimentary rocks, which show D2 greenschist-facies metamorphism, further 

constrain this tim ing to between 2680±3 Ma and 2672.2±3.5 Ma. 

The GLDZ formed during D 2 deformation along a major lithologic contact. The 

Island Gold deposit V1 and V2 ore veins were emplaced sub-parallel to S2 foliation along 

a strain shadow created by the Webb Lake Stock during  D2 north -side-up, sinistral 

transpression. Subsequent D3 deformation folded and sheared the ore zones and V3 

veins were emplaced in areas of high competency contrast.  
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1. Introduction 

1.1 Scope and purpose 

Significant gold mineralization occurs  along the Goudreau Lake Deformation Zone 

within t he Michipicoten greenstone belt and numerous mines have operated in the area 

in the last century.  The Island Gold deposit is a high-grade, lode-gold deposit located 

along the Goudreau Lake Deformation Zone. Goudreau Lake lies above where the 

deposit would outcrop , and as such the Island Gold deposit was not discovered until 

much later than other deposits in the area. Studies in the Michipicoten greenstone belt 

have been conducted by government surveys beginning in the early 1900s (Bruce, 1940; 

Goodwin, 1962) up until  the early 1990s, but the Island Gold deposit was only just 

beginning to be developed at the time of the last detailed study in the area (Heather and 

Arias, 1992) and was not yet accessible for closer observation. The Island Gold mine has 

now been in production fo r over ten years and presents a unique opportunity to study 

the deposit and the surrounding Goudreau Lake Deformation Zone  from both the 

surface and extensive underground workings.  Mineralization is still open laterally and at 

depth, but  an improved understanding of the deposit and its tectonic setting is however 

necessary to optimize exploration at the mine and elsewhere in the district. 

The objectives of this study are (1) establish and characterize the generations of 

deformation in the study area; (2) constrain the relative and absolute timing of 

deformation events and mineralization; and (3) determine the structural controls on 

mineralization.   

To achieve these objectives, camp- and outcrop-scale field mapping was carried out 

to document structures and cross-cutting relationships  within the study area to 
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determine the deformation history . Underground mapping  at the Island Gold mine and 

petrographic analysis were used to identify  and characterize vein generations, which 

were then correlated to generations of deformation . Samples were collected where 

possible for both thin section analysis and for fire assay to determine gold content. 

Selected intrusions were sampled for U-Pb geochronology to constrain the absolute 

timing of deformation and mineralization.   

1.2 Location, access, and topography 

The study area of this thesis is located in northern Ontario , approximately 16 km 

southeast of the town of Dubreuilville and  in the southeast corner of Finan township. It 

occupies an area of roughly 22 km2 with the UTM coor dinates (NAD 83, Zone 16N) of 

5,350,000N  ï 5,353,700N and 687,300E ï 693,500E (Figure 1.1). 

Access to the study area is available by road year-round. Highway ON-519 E, off of 

Trans-Canada Hwy/ON-17 N, is paved and provid es access to the town of Dubreuilville . 

An unnamed dirt and gravel road, maintained by the company, connects Highway ON-

519 E near Dubreuilville to the Goudreau Road, which ru ns through the study area. 

Branching off from Goudreau Road within the study area are multiple  recent dril l-access 

roads and historic logging roads. Most are traversable by truck or ATV. 

Local topography is typical of Canadian shield, with low to moderate exposure of 

low-profile  bedrock interspersed with  glacial sediments, heavily wooded areas, muskegs, 

and lakes. 

  



3 
 

  

F
ig

u
re

 1
.1

: 
G

e
o

g
ra

p
h

ic
 l
o

c
a

ti
o

n
 o

f 
th

e
 s

tu
d

y
 a

re
a

. 
U

T
M

 c
o
-o

rd
in

a
te

s
 a

re
 i
n

 N
A

D
 8

3
, 

Z
o

n
e

 1
6

N
.  



4 
 

2. Geology of the Michipicoten greenstone belt 

2.1 Previous work 

The Michipicoten greenstone belt has been of economic interest since the early 

1900s, when iron and gold were discovered near Wawa, Ontario. Early mapping in t he 

Michipicoten greenston e belt was completed by E.L. Bruce in the late 1940s, and since 

then the area has been the subject of multiple mapping projects (Goodwin, 1962, 1964; 

Sage, 1987, 1993, 1994; Heather and Arias, 1987, 1992; McGill, 1992; and others) to 

elucidate the geological and deformational history as well as assess the economic 

potential of the area. The Goudreau-Lochalsh area of the belt was first targeted for iron 

ore, but the discovery of gold occurrences spurred further exploration and led to the 

discovery of multiple deposits in the area.  

Mapping  of the Michipicoten greenstone belt  by Goodwin (1962) initially  

described three volcanic cycles, three major east-west trending fold s later folded by 

three major northeast trending  folds, and multip le north -striking sinistral faults.  A ten-

season, systematic mapping program was undertaken by the Ontario Geological Survey 

from 1979 to 1988 to study the central portion of the Wawa terrane and produced 

multiple 1: 15,840 scale maps of over fifteen townships, as well as accompanying reports 

and geochemical analyses (Sage, 1994). Work by Sage (1987) documented the previously 

unrecognized Hawk assemblage and mapping by McGill and Shrady (1988) in the 

Chabanel Township identified an abrupt reversal of younging direction within a 

sedimentary belt and multiple fault -bounded lithologic packages, as well as an apparent 

fault separating the sedimentary belt from the northern volcanic terrane. These 

observations led to the interpretation of a thrust -imbricated sequence of volcanic and 
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sedimentary rocks. The recognition of a large-scale recumbent fold and the repetition of 

volcanic cycles along imbricate thrust-faults by Arias and Helmstaedt (1990) 

reorganised the stratigraphic interpretation  into the current  configuration  (Figure 2.2). 

Work by Arias and Heather (1987) identified two major northeast -trending deformation 

zones in the Goudreau-Lochalsh area: the Goudreau Lake Deformation Zone and the 

Cradle Lake Deformation Zone (Figure 2.4).  

Economic activity in the Goudreau-Lochalsh area began in 1916 with the 

development of the Morrison No. 1 iron -sulphide property by Algoma Ore Properties 

Ltd. , and the discovery of gold wit hin the deposit in the later years led to further gold 

exploration  in the area by various companies. By the late 1980s, the Canamax Resources 

had completed extensive work on their Kremzar and Island Gold projects, and in 1988 

the Kremzar mine began commercial production. The mine operated until 1990, when 

all operations were suspended at both the Kremzar and Island Gold projects. In 1996 

Patricia Mining Corporation took over the property, and in 2003 they entered a joint 

venture agreement with Richmont Mine s to continue exploration and development of 

the Island Gold project . In 2007 Richmont Mines acquired full ownership of the project 

and brought the Island Gold mine into commercial production the same year. Since that 

time, exploration to expand the resource along strike and down dip has continued with 

surficial and underground exploration and diamond drilling. Most recently, the property 

was purchased by Alamos Gold in 2017. 

2.2 Tectonic framework of the Wawa subprovince 

The Superior Province is a massive craton that formed during the Ar chean 

(Figure 2.1). Five discrete accretionary events are interpreted to have formed the 
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Superior Province and are known collectively as the Kenoran Orogeny (Card, 1990). 

Accretion began with the collision of the Norther n Superior superterrane and North 

Caribou superterrane in the Northern Superior Orogeny at 2 .72 Ga and continued 

southward for the next 40 million  years (Percival et al., 2012). The Wawa-Abitibi 

terrane was the fourth of five terranes to join the Superior superterrane during the 

Kenoran Orogeny. The terrane has been interpreted as originating along a converging 

plate margin and shows lateral variati on from immature to mature island arc rocks 

(Sylvester et al., 1986), and was accreted to the Superior superterrane in the 

Shabandowanian Orogeny which began at ca. 2.695 Ga. The cessation of arc-related 

magmatism and the emplacement of sanukitoid intrusio ns in the Wabigoon-Winnipeg 

River terrane at this time suggest north-verging subduction, as well as the possibility of 

slab break-off (Lin and Beakhouse, 2013). A similar series of events (cessation of arc 

magmatism, emplacement of sinuktoid intrusions) oc curred within the Wawa -Abitibi 

terrane at 2.68 Ga with the accretion of the Minnesota River Valley terrane to the 

Superior superterrane in the fifth and final accretionary event, the  Minnesotan orogeny, 

followed by cratonization (Percival et al. , 2006).  Cratonization began in the northern 

Superior Province at 2.68 Ga and continued south across the province until  2.60 Ga and 

was characterized, in part, by regional metamorphism, granitic plutonism, deposition of 

Timmiskaming -type sediments, and gold localization (Percival et al., 2012). The 

emplacement of granitic plutons under and into the volcanic sequences, combined with 

post-plutonism deformation,  created synclinal keels throughout the Superior Province 

which gives many of the greenstone belts their current, somewhat linear, configuration 

(Lin and Beakhouse, 2013). The Superior Province has remained relatively tectonically 

stable since 2.60 Ga. 



7 
 

2.3 Geology and structure of the Michipicoten greenstone belt 

 The Michipicoten greenstone belt is composed of thr ee bimodal volcanic 

assemblages ranging from late Mesoarchean to Neoarchean in age (Heather & Arias, 

1992). The volcanic assemblages are overlain by the Doré metasedimentary rocks 

(Figure 2.3). The supracrustal rocks of the belt are regionally metamorphosed to 

greenschist facies and reach the amphibolite facies in contact aureoles of the 

surrounding plutonic rocks. Paleoproterozoic Matachewan diabase dykes pervasively 

intrude the greenstone belt, typically in a roughly N -S orientation.  

2.3.1 Hawk Lake assemblage 

 The Hawk Lake assemblage is the oldest of the volcanic assemblages in the 

Michipicoten greenstone belt  with a zircon U-Pb age of 2889.2±9.2 Ma  of felsic volcanic 

rocks (Turek, 1988, 1992). I t is poorly exposed and only found along the southern edge 

of the belt (Figure 2.3). The base of the Hawk Lake assemblage consists of basaltic and 

peridotitic komatiites which occur as pillows and massive flows. The mafic volcanics are 

overlain by intermediate to felsi c volcanic tuffs and breccias and the assemblage is 

capped by a chert-magnetite-sulphide iro n formation (Sage, 1994). 

2.3.2 Wawa assemblage 

The Wawa assemblage unconformably overlies the Hawk Lake assemblage and 

occurs in bands throughout the greenstone belt (Figure 2.3). It  is composed of tholeiitic 

mafic to intermediat e volcanics in the bottom portion , intermediate to felsic volcanics in 

the upper portion , and is capped by the Michipicoten Iron Formation. U-Pb zircon 

geochronology of the upper portion of the assemblage gives ages ranging from 2749 ±2 

Ma to 2728.8 ±2.7 Ma (Turek, 1982; 1992). 
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2.3.3 Catfish assemblage 

The Catfish assemblage is the youngest volcanic package in the Michipicoten 

greenstone belt. It overlies the Wawa assemblage, but contacts between the two have 

been extensively sheared and are not considered primary . Volcanics of the Catfish 

assemblage are of tholeiitic mafic to intermediate  composition in the lower portion of 

the assemblage, and intermediate to felsic in the upper portion. Unlike the Hawk and 

Wawa, the Catfish assemblage is not capped by its associated iron formation; t he Dreany 

Iron Formation  occurs between the mafic and the felsic portions of the assemblage 

(Figure 2.2) (Sage, 1994). Samples from the upper portion of the assemblage gave zircon 

U-Pb ages of 2710±7.7 Ma and 2701±7.7 Ma (Smith, 1981; Turek, 1984). 

2.3.4 Doré metasediments 

 The Doré metasediments are the youngest supracrustal rocks in the Michipicoten 

greenstone belt and occur as three belts (Figure 2.3). The southern sedimentary belt 

occurs near Wawa and the U-Pb age obtained from a boulder within a conglomerate unit 

indicates sedimentation occurred after 2698±2 Ma  (Corfu and Sage, 1992). The 

youngest detrital zircon  from the central sedimentary belt  has a U-Pb age of 2682±3 Ma 

(Corfu and Sage, 1992). The northern sedimentary belt flanks the northern edge of the 

Michipicoten greenstone belt and with the youngest detrital zircon dated has a U-Pb age 

of 2680±3 Ma (Corfu and Sage, 1992).  Doré metasediments typically unconformably 

overlie the Catfish and Wawa assemblages, but they have also been recorded as 

interfingering with the felsic to intermediate volcanics of the Catfish assemblage. This 

relationship  has been attributed to a period of intermediate to fel sic volcanism and 
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sedimentation that  occurred simultaneously (Rice & Donaldson, 1992; Sage, 1993, 

1994), but may actually be the result of tectonic juxtaposition .  

 Metamorphism within the Doré me tasediments is mostly of greenschist grade 

and reaches lower amphibolite grade in areas of contact metamorphism from plutons 

(Rice and Donaldson, 1992). 

2.3.5 Goudreau Lake Deformation Zone 

The Goudreau Lake Deformation Zone (GLDZ) is a regional structure composed 

of multiple shear zones. It is  located near the northern edge of the Michipicoten 

greenstone belt, reaching approximately 4.5 km in width and has been traced along 

strike for over 25 km and strikes 070° to 100°. The deformation zone is centred on the 

contact between two volcanic assemblages. The GLDZ has been divided into four 

domains (North, East, South, and West) (Figure 2.4) based on location and deformation 

style (Arias and Heather, 1987). The control of initial deformation is attributed to the 

lithological contact between felsic metavolcanics in the south and mafic metavolcanics 

to the north (Arias and Heather, 1987).  

The Southern Domain of the Goudreau Lake Deformation Zone (GLDZ) is located 

within felsic rocks  of the Wawa assemblage. It is approximately 2 km wide and has been 

traced for 8 km along strike. It strikes 070° and consists of subparallel, brittle -ductile 

shears (Arias and Heather, 1987). Two regional brittle fault zones trending at 135-145° 

may bound or offset the Southern Domain (Heather and Arias, 1987): the McVeigh 

Creek fault to the west, and the Maskinonge Lake fault to the east.  
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Figure 2.1: Simplified map of the Superior Province  (bold outline)  with terranes and belts.  Note the 
Wawa -Abitibi terrane highlighted in grey and the location of the Michipicoten greenstone belt (green). 
AC=Ashuanipi complex; E RB=English River belt; HBT=Hudson Bay terrane; KU=Kapuskasing uplift; 
MRVT=Minne sota River Valley terrane; MT=Marmion terrane; NCT=North Caribou terrane; 
OB=Opinaca belt; OT=Opatica terrane; PB=Pontiac belt; QB=Quetico belt; RAT=Riviére Arnoud 
terrane; WRT =Winnipeg River terrane; WwT=Western Wabigoon terrane. With minor modifications 
from Percival et al., 2012.  
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Figure 2.2: Stratigraphic column of the volcanic and sedimentary rocks of the Michipicoten greensto ne 
belt. Modified from Arias and Helmstaedt, 1990  
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3. Geology and structure of the Island Gold Deposit in the Southern 

Goudreau Lake Deformation Zone 

3.1 Introduction 

The study area encompasses a section of the contact between the ~2750 Ma 

Wawa assemblage and the overlying ~2700 Ma Catfish assemblage (Figure 3.1). 

3.2 Geology of the Study Area 

3.2.1. Wawa assemblage 

The intermediate to felsic volcanics of the younger, or ñupperò, phase of the 

Wawa assemblage occupy the southern half of the study area and consist primarily of 

dacitic quartz-feldspar phenoclastic tuff, with lesser occurrences of lapilli tuff and tuff 

breccia that have all been metamorphosed to greenschist facies. In relatively 

undeformed tuff, the qua rtz-feldspar phenocrysts are euhedral to subhedral and 

weather to a light cream colour (Figure 3.2a) while t he finer-grained matrix comm only 

weathers to a medium- to light -green. Where the tuff has been deformed the 

phenocrysts are flattened to varying degrees and define the foliation  (Figure 3.2b). 

Capping the intermediate to felsic volcanics of the Wawa assemblage is the 

Michipicoten Iron F ormation, locally referred to  within the study area as the Morris on 

No.1 Iron Range. Highly deformed b anded iron formation is exposed south of the 

Magino mine, while at the Morrison No.1 exposure south of the Island Gold mine portal , 

the iron range occurs as massive pyrite with minor chert and contains cobbles of 

volcanic material . 
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3.2.2 Catfish assemblage 

The mafic to intermediate  volcanics of the older, or ñlowerò, phase of the Catfish 

assemblage occupy the northern half of the study area and locally consist of massive 

flows that have been metamorphosed to greenschist facies. They are fine-grained and 

weather to a medium green with occasional rust-coloured alteration  (Figure 3.2c). Large 

mafic intrusions have also been documented within the mafic volcanics of the Catfish 

assemblage. Historicall y these intrusions have been identified during mapping primarily 

by grain size, but due to extensive alteration this classification is not always accurate.  

3.2.4 Webb Lake Stock 

The Webb Lake Stock is a sheet-like trondhjemitic intrusion that  crosscuts the 

contact between the upper Wawa assemblage and the lower Catfish assemblage where it 

is folded in the study area. On fresh surfaces the trondhjemite is a mottled grey-green 

which weathers to a creamy yellow (Figure 3.2d). It is medium- to fine-grained and 

equigranular,  and on both fresh and weathered surfaces the characteristic millimetre -

sized, rounded, blue-grey quartz grains are readily apparent. The surface trace of the 

stock is subparallel to regional stratigraphy  and dips steeply to the north. The width of 

the stock varies from 150m to 300m and the long axis extends beyond the study area to 

the east. In the area of the Magino mine, the Webb Lake Stock has been mapped as two 

bodies; divided into a north and south body by eithe r a fine-grained intrusion or a 

sheared zone. The northern contact of the Webb Lake Stock is irregular and interfingers 

with aureole rocks, while the southern contact is relatively straight  and highly sheared. 

The Magino mine is located in the northern bod y of the Webb Lake Stock and 
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mineralization occurs  within a stockwork of ñshear-fracture-hostedò quartz veins 

(Heather & Arias, 1992). The southern body is not mineralized.  

3ΦнΦр άLнaέ LƴǘǊǳǎƛƻƴ 

 The ñI2Mò is an unmineralized  intrusive body that cross-cuts Island Deep ore 

zones. It is medium- to fine-grained, mottled grey and pink  and contains elongated 

phenocrysts of chlorite and biotite with accessory blocky pyrite (Figure 3.2e). 

Petrographic study indicates that  the I2M is a nepheline-bearing monzonite with only 

minor deformation  (T. Ciufo, 2019). The I2M is 2-4 metres wide where it crosses the 

mine workings at the 740 level and dips steeply north.  

3.2.6 Matachewan Diabase Dykes 

Proterozoic Matachewan diabase dykes intrude all Archean assemblages. Within 

the study area they appear as relatively ñfreshò-looking dark green intrusions  (Figure 3.2f)  

less than 50 m wide that are subvertical and trend NW -SE (Figure 3.1). Offset of older 

units and structures is observed along the dykes. 

3.2.7 Island Gold deposit 

The Island Gold deposit is hosted in the volcanics of the upper Wawa assemblage. 

The deposit is comprised of the Island Gold, Island Deep, Lochalsh, and Extension 1 and 

2 Zones, which lie along the same strike, and the Goudreau Zone which lies to the north 

(Fig. 3.1).  

Ore zones consist of millimetre- to decimetre-wide auriferous quartz veins 

enveloped by an alteration package referred to at the mine as ñAPIò (Alteration Package 

Island) . API is pervasive carbonate and silica alteration that gives the host rocks a 
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bleached, grey-beige appearance. In zones of intense alteration, pre-existing rock 

textures or fabrics are often obliterated . 

The Lochalsh, Island, and Extension Zones form a mineralized corridor that 

widens from 50 m near surface to over 100 m at depth. The zones are hosted in 

intermed iate to felsic metavolcanic rocks and consist of sub-parallel , metres-wide ore 

zones with an average strike of 070° and average dip of 80° to the south, and ore shoots 

plunging moderately to the northeast. At approximately 500 m depth there is a ñflexureò 

in the zones where the dip shallows to the south before steepening again. This flexure 

separates the main Island Zone vertically into the Island Gold Zone above the flexure 

and the Island Deep Zone below. The ore zones within the Island Zone are labelled, from 

south to north, as the G1, G, B, C, D, D1, E, and E1 zones (Figure 3.3; Figure 3.4). An 

anastomosing relationship, documented during mining  operations, exists between the 

ore zones. The C and D zones merge to form the C/D zone; the E and E1 zones merge to 

form the E1E zone; and at depth the D1 zone merges in and out of the E1E zone. The C 

zone is the most continuous and consistently of high-grade of these ore zones and is the 

main economic target. Within the Extension  1 and 2 zones the E1E ore zone is the main 

economic target. 

The Goudreau Zone lies immediately south of the Webb Lake Stock (Figure 3.1). It  

is hosted by both intermediate to felsic volcanic rocks and the Webb Lake Stock and 

dioritic intrusions and consists of several steeply dipping ore zones, similar to the Island 

Zones, as well as sub-horizontal  ore zones (Figure 3.5) consisting of tightly folded sub-

horizontal ore veins. Intersections in this zone can be very high grade but are less 

consistent than those found in the main Island zones.  
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Figure 3.2: Outcrop photogra phs of the main lithologies found in the study area. a) Relatively 
undeformed dacit ic tuff from the Wawa assemblage. b) Foliated dacitic tuff from the Wawa assemblage. 
c) Mafic volcanics from the Catfish assemblage. d) Webb Lake Stock trondhjemitic intrusi on. e) "I2M" 
monzonite intrusion, f) diabase dyke.  
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Figure 3.3: Generalized cross-section through the Island Zone (above 500m depth) and Island Deep 
Zone (below 500m depth) showing the spatial geometry of the  ore zones and the Webb Lake Stock. 
Letters correspond to ore zones (in orange), with the C-zone highlighted in red. Note the ñflexò in the ore 
zones outlined by the dashed circle. Redrawn with minor modifications after a diagram from the Island 
Gold mine. 
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Figure 3.5: Vertical section 15800E (Island Gold mine grid, looking west) thro ugh the Goudreau Zone 
showing arrangement of ore zones and the spatial relationship to the Extension 2 Zone E1E ore zone and 
the Webb Lake Stock. Redrawn after a cross-section from Island Gold mine.  
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3.3 Structural Geology of the Study Area 

A minimum of three generations of deformation were identified i n the study area 

on the basis of overprinting relationships.  They were documented through field 

mapping, detailed outcrop mapping, and structural measurements.  

3.3.1 D1: Regional compression 

 D1 structures consist of regional F1 folds and the associated axial planar cleavage 

S1. F1 folds are upright, regional- and camp-scale folds. The Goudreau Anticline (Figure 

2.4) is an example of such a regional F1 fold, the closure of which is located 

approximately 2  km southeast of the study area. The volcanic packages within the study 

area are located on the northern limb of the Goudreau Anticline and are tilted  to their 

current , steeply NNW-dipping orientati on as a result of F1 folding. A parasitic, camp-

scale synclinal F1 fold  within the study area  (the ñMagino foldò) can be traced on surface 

by the S-pattern of the Michipicoten Iron Formation to the west of Goudreau Lake 

(Figure 3.1), and in drill core by the  repetition of the  contact between the Catfish and 

Wawa assemblages. The Webb Lake Stock occurs coincident to the axial plane of the 

Magino fold  and obscures the fold nose, however the surface pattern and drill 

intersections suggest that the fold hinge plunges shallowly to moderately toward the 

west.  

 An S1 cleavage is developed axial-planar to F1 folds but is rarely preserved in the 

study area. The orientation s of D1 and D2 structures are broadly coincident with in the 

study area, and consequently S1 cleavage is pervasively overprinted and  rarely 

recognizable as a distinct fabric. It is best preserved along the margins of intrusions , 

where it has often been rotated to a shallowly-dipping  to sub-horizontal orientation. 
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Southeast of Goudreau Lake, pencil cleavage resulting fro m the intersection of sub-

horizontal S1 and sub-vertical S2 fabrics is exposed along a historic logging trail to the 

south of Goudreau Lake. At the historic Portage Showing between Bearpaw Lake and 

Pine Lake, S1 cleavage can be traced in an intermediate intrusion  surrounding folded 

lapilli tuff . 

 The orientation of u pright, large -scale F1 folds indicates that D1 deformation took 

place during regional, roughly N-S compression. During D1 deformation, t he Webb Lake  

Stock was intruded along the axial plane of a parasitic F1 fold. The elongate geometry of 

the stock and its coincidence with the fold axial plane suggests that deformation was 

ongoing duri ng the time of emplacement. A contemporaneous intrusion, the  

tr ondhjemitic  Gutcher Lake Stock (Turek et al.,1984; this study) , is located in the 

western domain of the Goudreau Lake Deformation Zone. It  displays an aureole of 

epidote-hornblende hornfels  contact metamorphism that has been overprinted by 

regional greenschist-grade metamorphism (Studemeister, 1983), indicating that  

emplacement of the Gutcher Lake Stock, and by association, the Webb Lake Stock and 

D1 deformation, occurred before regional greenschist-grade metamorphism.  

3.3.2 D2: Sinistral, north-side-up transpression 

The Goudreau Lake Deformation Zone and associated penetrative S2 foliation , 

L2a stretching lineation , and L2b ductile slickenside striation  were developed during D2 

deformation  and regional greenschist-facies metamorphism.   

The Goudreau Lake Deformation Zone is a regional structure  associated with 

gold mineralization . It has a gently sigmoidal trend, striking 090° in the western 

domain, 070° in the northern and southern  domains, and 090° in the eastern domain 
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(Arias & Heather, 1987). In the northern  and southern domains, where the study area is 

located, the deformation zone is centred on the contact between two volcanic 

assemblages (Figure 2.4). 

S2 foliation is  a pervasive, penetrative foliation that formed sub-parallel  to the 

strike of the Goudreau Lake Deformation Zone. It is defined by flattened and elongated 

quartzïfeldspar phenocrysts and lapilli  and aligned micaceous minerals (Figure 3.6b) and 

has a preferr ed NE-SW strike in the study area. Within  the study area, strikes range 

from 040° to 085° with  a range in dips from sub-horizontal to sub -vertical  (Figure 3.7; 

Figure 3.8). At the Morrison No.1 iron range  (Figure 3.1), steeply south-dipping S2 

foliation is observed to intersect the steeply north -dipping tuff -iron formation c ontact at 

an acute angle (Figure 3.6a). South of Goudreau Lake a D2 C-S fabric displaying sinistral 

shear sense is observed in intermediate  tuff . At the historic Portage Showing, pre-D2 

rusty millimetre -wide quartz veins are observed to be folded and offset along S2 

foliation with north -side-up movement (Figure 3.6c). North of the past-producing 

Magino mine,  sinistrally  ñstackedò flattened quartzïfeldspar phenocrysts are present 

along the S2 foliation  in tuff  (Figure 3.6b). Within the Webb Lake Stock, S2 foliation 

occurs in sporadic bands and is best developed along contacts with xenolith s and 

external metavolcanic units.   When plotted on a stereonet, the poles to S2 foliation form 

a girdle (Figure 3.10). The pole to this girdle is coincident with F3 fold axes, indicating 

that  the wide range in the orientation of S2 foliation  is due to overprinting by D3 

deformation.  Based on the small angle to S0 and the orientation  of S2 fabric within 

areas where it is relatively well-preserved, the original orientation of S2 foliation is 

interpreted  to be 070°-075° in strike with a sub-vertical dip.  D3 deformation 



26 
 

subsequently rotated much of the foliation to an either steeply north - or south-dipping 

foliation and produced shallowly - to steeply-dipping fold limbs. The development of a 

steep foliation  at a sub-parallel to oblique  angle to the central domain of  Goudreau Lake 

Deformation Zone is consistent with the transpressional characteristics laid out by 

Fossen et al. (1994). 

 The stretching lineation s L2a are developed on penetrative S2 foliation  within 

dacitic tuff  and is defined by stretched quartz-feldspar phenocrysts (Figure 3.6c). They 

plunge moderately to the east to sub-vertically . L2a lineations are observed on sub-

vertical to steeply dipping outcrop faces that are coincident with S2 foliation throughout 

the study area. When plotted together, their orientations  fall on a continuum , varying 

from moderately southeast plunging to sub-vertical (Figure 3.8). The pattern of 

progressively steeper stretching lineation s is consistent with those found in a 

transpressional regime (Lin  et al., 1998), and the counter-clockwise progression is 

indicative of sinistral shear sense.  

Ductile slickenside striation s L2b are developed in micaceous minerals on S2 

foliation surfaces in high strain areas and are sub-horizontal. Chlorite and sericite 

slickenfibres step counter-clockwise, indicating a sinistral sense of movement. The 

presence of sub-horizontal L2b lineations  suggests that the simple shear component of 

deformation was concentrated in discrete zones, such as the high strain zones to the 

north and south of the Webb Lake Stock. The co-existence of both sub-horizontal and  

sub-vertical lineations is further evidence that deformation took place within a 

transpressional regime (e.g. Tikoff & Greene, 1996; Lin et al., 1998). 
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The formation of the  sinistral  Goudreau Lake Deformation Zone and associated 

structures during D2 defor mation  indicate that deformation took place within  a north -

side-up, transpressional regime. Chlorite and sericite are intimately  associated with D2 

structures and therefore metamorphism during D2 deformation is estima ted to be 

greenschist facies. Further w ork on the metamorphism and alteration associated with 

the Island Gold deposit was conducted by T. Ciufo (2019). 

3.3.3 D3: Dextral, south-side-up transpression 

 Structures related to D3 deformation  pervasively overprint D1 and D2 structures 

within the stud y area. They consist of camp- and outcrop-scale F3 folds, associated S3 

axial planar cleavage, and top-to-NW thrust faults .  

 F3 folds are open-to-tight , shallowly-plunging  to sub-horizontal  Z-folds. They 

occur at the outcrop scale where they transpose S2 foliation and  deform small dykes, 

and at the camp and mine scale where they deform lithologic boundaries  and the shape 

of the ore body. To the north of Goudreau Lake, in the northeast corner of the study 

area, a camp-scale F3 fold can be traced in the boundary between Cycle 2 intermediate 

tuff and Cycle 3 mafic metavolcanics (Figure 3.1). The Michipicoten Ir on Formation , 

which occurs at this contact, is folded into a kilometer -scale Z-fold  with a long limb 

trending 240° and short l imb trending 230°.  Mine-scale F3 folds deform the Main 

Island and Island Extension ore zones. The average orientation of the ore zones is 

070°/80°S, but  recorded dips range from 80°N to 75°S. In the cross-sections, the ore 

zones are observed to be deformed into a mine-scale, open F3 fold with long limbs 

dipping sub-vertically and the short limb dipping 75°S.  Outcrop-scale F3 folds are 

developed proximal  to felsic intrusions . They are particularly well developed within 
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chlorite schist but are observed in multiple l ithologies. Immediately  west of the historic 

Cabin Showing a lens of chlorite schist within the Webb Lake Stock displays intense F3 

folding  (Figure 3.12). S1 foliation and small quartz veins are transposed into decimeter-

scale, shallowly west-plunging  F3 Z-folds. The folds are asymmetric with an average 

orientation of  long limbs at 250°/75° N, short limbs  at 230°/25° N, and fold hinges 

plunging 07° to ward 249°.  

Within the mafic metavolcanic rocks east of the Morrison No.1 fold, an F3 z-fold 

is developed in proximity to a thin (<1 m) felsic dyke that  has also been folded (Figure 

3.10). A S2 foliation  within the mafic metavolcanics  is folded into a decimeter-scale F3 

fold which  plunges shallowly to the southwest (Figure 3.10c). The felsic dyke is located 3 

meters to the north  within the same outcrop  and trends 235°. In the sub-vertical 

western edge of the outcrop, the felsic dyke is folded into an open, meter-scale F3 fold 

which rolls fr om 235°/75°N, to sub-horizontal, to 055°/65°S  before the face is buried 

(Figure 3.10a). F3 folds are less developed within intermediate tuff and common ly occur 

as gentle, open folds. At the historic Portage Showing between Bearpaw Lake and Pine 

Lake, outcrop-scale F3 folds are observed in a historic trench  (Figure 3.11) and in the 

walls of a historic pit.  In the trench , an open meter-scale F3 fold  with minor parasitic 

folds is developed in intermediate lapilli -tuff immediately south of a felsic intrusion. S2 

foliation within the tuff is folded into gentle rolls and displays a continuum from sub-

vertical, to  south-dipping, to shallowly north -dipping , before the southern edge of the 

trench drops off sub-vertically  (Figure 3.11c). These folded foliations describe a sub-

horizontal to shallowly east -plunging fold hinge. The western edge of the trench is cut by 

a 325°-trending , relatively recessive diabase dyke which exposes a sub-vertical face of 
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the tuff  roughly perpendicular to foliation . Here, the folded foliation  is observed dipping 

steeply north  in addition  to the previously described range. Within the felsic intrusion 

occupying the northern area of the trench, a lens of chlorite schist is strongly deformed 

with folded S2 foliation at 245°/60°N and displays decimeter scale F3 folding. S2 

foliation  within the felsic intrusion  has been rotated to 240°/75°N.  The historic pit is 

located in intermediate tu ff  approximately 30  meters east-southeast from the trench. In 

the east and west walls of the pit  S2 foliation is transposed into a gently curved, open F3 

fold . The two visible limbs are oriented at 240°/55°N and 065°/75°S with a fold hinge 

plunging 05° tow ard 245°. The relative preservation of S2 fabric orientation proximal to 

intrusions impl ies that the extent of F3 folding is mitigated by the presence of a more 

competent body.  

 Steeply north-dipping  S3 axial planar cleavage overprints S2 foliation and is 

weakly to moderately developed within felsic intrusions that have been affected by F2 

folding  (Figure 3.10b). North of Goudreau Lake, the majority of  S2 foliation  has been 

transposed to steeply north-dipping  and sub-parallel to S3 axial planar cleavage.    

 Top-to-NW reverse faults that offset the ore zone underground were developed 

late during D 3, likely as a result of strain accumulation. 

 Due to the steep S3 axial planar cleavage and the dextral  z-form of F3 folds,  D3 

deformation is interpreted to have taken place during south-side-up transpression. 

3.3.4 Late, undifferentiated deformation 

 Late deformation consists of pervasive crenulation cleavage, brittle fractures 

which show varying degrees of offset, and the emplacement of northwest-trending 

diabase dykes.  
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 Lineation  L4+ is a sub-horizontal to  north -plunging  crenulation cleavage that  

locally and pervasively overprints all previous structures throughout  the study area. It is 

visible at both outcrop and thin -section scale. Within the historic trench at the Portage 

showing, millimetre -scale, moderately north -plungin g crenulation cleavage L4+ offsets 

S2 foliation  with top -to-north movem ent. 

 Late, brittle f ractures are typically sub-vertical and produce minor (<1m) offset 

where markers, such as contacts, are present (Figure 3.11a).  

Matachewan diabase dykes occur throughout the study area and may be 

associated with a portion of the late brittle f ractures. Dykes are typically metre to 

decametre scale with a northwest strike and sub-vertical dip. In the Island Gold deposit, 

two diabase dykes separate the Extension 1 and Extension 2 zones from the main Island 

and Island Deep zones (Figure 3.1). The offset of the zones across the dykes suggests 

that the Matachewan dykes may have been emplaced along brittle faults. 
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Figure 3.6: Outcrop photographs of D2 deformation structures found in the study area. a) Vertical 
outcrop surface showing south-dipping S2 foliation at a small angle to the north -dipping contact 
between Wawa assemblage dacitic tuff and the Morrison No.1 Iron Range  (Michipicoten Iron 
Formation). S2 foliation is overprinted by north -plunging L4+ crenulation lineation. b) Horizo ntal 
outcrop surface displaying sinistral S2 foliation in dacitic phenoclastic tuff. c) Vertical outcrop surface 
displaying northeast -plunging  L2 stretching lineation.  
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Figure 3.8: Lower hemisphere equal area plot showin g the orientations of D2 fabrics in the 
study area. Light blue diamonds represent poles to S2 foliation planes. Dark blue dots 
represent L2 stretchin g lineations.  

Figure 3.9: Lower hemisphere equal area plot showing the orientations  of D3 folds in the 
study area. Black diamonds represent F3 fold hinges.  



34 
 

 

Figure 3.10: Outcrop photographs showing D3 folding of S2 foli ation, preserved by the presence of a 
felsic intrusion. a) Vertical outcrop surface sho wing F3 folding of a felsic intrusion in mafic volcanics of 
the Catfish assemblage. b) Detail from (a) showing S2 foliation folded and overprinted by S3 axial -
planar cle avage. c) Horizontal outcrop surface proximal to (a) showing S2 foliation in mafic volc anics 
overprinted by F3 folding.  
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Figure 3.11: Detailed map of an outcrop immediately north of Pine Lake, showing fabrics related to 
D2 and D3 deformat ion, and highlighting the preservation of D2 fabrics proximal to intrusive bodies. 
a) Detailed outcrop map. b) Close-up of photograph of the contact between the Wawa assemblage 
lapilli tuff and a felsic intrusion showing the continuation of S2 foliation ac ross the contact. c) 
Photograph of vertical surface showing S2 foliation ge ntly folded along F3 fold axes.  



36 
 

  

Figure 3.12: Detailed map of an outcrop immediately north of Goudreau Lake within the Webb Lake 
Stock, showing fabrics related to D2 and D3 deformation. a) Detailed outcrop map. b) Photograph of 
vertical outcrop surface showing S2 foliation in chlorite -schist tightly folded along F3 fold axes. c) 
Photograph of horizontal outcrop surface showing tight folding of the contact between ch lorite -schist 
and the Webb Lake Stock along a shallowly west-plun ging F3 fold hinge.  
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4. Vein Sets and Associated Mineralization of the Study Area 

4.1 Introduction 

 Gold mineralization at the Island Gold mine is primarily hosted by quartz veins, 

with only minor mineralization present in wall rock proximal to veins. Through detailed 

underground and surficial investigation and mapping, five generations of veins have 

been identified  (VGD, V1, V2, V3, and V4). 

4.2 Vein Sets 

4.2.1 VGD 

VGD veins occur almost exclusively in the Goudreau Zone of the Island Gold 

deposit. Due to the spatial separation between the Goudreau Zone and the main Island 

Zones, direct relative timing relationships  between the two have not been established 

and therefore the VGD veins have received a designation separate from the numbered 

vein sets. VGD veins are mineralized, sub-hori zontal extensional quartz-carbonate veins 

with minor sericite  and often contain tourmaline cores . Vein thickness varies from 1 cm 

to 40 cm, typically decreasing where the vein has been sheared and reaching maximum 

thickness in fold noses. They have been folded into tight upright folds with shallowly 

east-plunging fold hinges  (Figure 4.2). Primary extensional features, such as bridging 

structures, are often preserved within the veins (Figure 4.3a). Gold mineralization 

within V GD veins can be very high grade (>1000 g/t in some chip samples) , but it is 

typically dis continuous and nuggety. Visible gold is common and is most often observed 

as aggregates within the quartz. VGD veins are hosted by the Webb Lake Stock, dioritic 

intrusions,  and felsic to intermediate metavolcanics of the upper Wawa assemblage. 
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4.2.2 V1 

 V1 veins are dominant veins of the Island Gold deposit.  They contain high-grade 

concentrations of gold, and most are steeply south-dipping laminated quartz shear veins 

with minor sericite, chlorite, and pyrite that strike sub -parallel to ore zone boundaries. 

They also occur as sub-horizontal  buckled extensional veins. The majority of 

mineralization within the Island Gold  deposit is hosted by V1 veins and visible gold is 

commonly observed as aggregates and disseminated grains in the quartz and as grains 

along chlorite-sericite slickensides within the veins (Figure 4.3c). V1 veins are hosted by 

dacitic metavolcanics and are enveloped by the ñAPIò sericitic-silicic alteration package. 

The laminated  veins occur as sub-parallel  elongated lenses of smoky-grey to milky -white 

laminated  quartz veins, typically 10 to 40cm thick  and spaced 1 to 3 metres apart within 

ore zones. The lamination is defined by layers of quartz shear veins and slivers of highly 

sericitic -silicic -chloritic altered , foliated  wall rock. Internal folding is common, and 

veins are extensively deformed and recrystallized with  local brecciation. The sub-

horizontal veins are composed of mostly massive smoky-grey to milky -white quartz  with  

wall rock and sericite-chlorite -pyrite inclusions. 

Petrographic study reveals that V1 veins are nearly entirely composed of quartz 

with accessory (<5%) sericite, chlorite , and pyrite. Quartz grains are subhedral with 

straight grain boundaries and sub-grains are common while undulose extinction is rare.  

Slickensides within the veins are predominant ly sericite with variable amounts of 

chlorite and pyrite and show a reduced grainsize in quartz.   

Within the Goudreau Zone, small laminated  V1 veins are observed within  weakly 

developed D2 shears. In the Island Zones, laminated V1 veins occur within D2 shearing , 
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sub-parallel to S2 foliation , suggesting they were likely emplaced during D2 deformation  

along dilated S2 c-surfaces. Sub-horizontal V1 veins occur at a high angle to laminated  

V1 veins and are buckled. The orientation of the sub-horizontal veins is compatible with 

the orientation of extension during D2 deformation and were therefore likely emplaced 

within extensional fractures during D2 deformation . Brittle D3 fractures containing V3 

veins cross-cut V1 veins, indicating that V1 were emplaced prior to D3 deformation. 

Most V1 veins show brittle deformation  (e.g. local brecciation) , suggesting that they 

acted as a more competent body during later deformation. The margins of steeply-

dipping  V1 veins may have provided a preferred plane for movement during D3 

deformation, resulting in the sharp southern contact of the C-zone mineralization .  

4.2.3 V2 

 V2 veins are mineralized,  discontinuous, millimetre - to centimetre-thick crack-

seal veinlets spaced millimetres apart. They occur within the ñAPIò alteration package, 

sub-parallel to laminated V1 veins and S2 foliation . Petrographic study shows that V2 

veins are composed of fine-grained quartz, sericite, chlorite, and pyrite with minor gold.  

Withi n the ore zones, rock fabric has been destroyed by intense deformation and 

silicification , however the V2 veinlets appear to form along the orientation of D2 C-

surfaces, suggesting that they were emplaced during D2 deformation and are likely 

broadly contemporaneous with V1 veins.  V3 ñboudin necksò deform the V2 veins into  a 

pinch-and-swell fabric, indicating that V2 veins were emplaced prior to D3 deformation  

(Figure 4.3b). 
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4.2.4 V3 

V3 veins are weakly mineralized extensional veins that cross-cut the Island Gold 

ore zones. They occur as shallowly-plunging  and steeply-plunging  boudin necks within 

V1 laminated veins, as shallowly-dipping extensional veins that cross-cut ore zones, and 

as en echelon veins along brittle thrust faults . In  the main Island zones, sub-horizontal 

and sub-vertical V3 veins appear in N-S drift faces and in the ñbackò as ellipt ical boudin -

necks within V1 veins (Figure 4.3b). In the Island Extension  and Goudreau zones, 

shallowly south-dipping  extensional V3 veins extend beyond the V1 veins into the 

surrounding alteration zone. Both the boudin -neck and extensional V3 veins commonly 

display sub-vertical growth fibres of quartz  and carbonate. In the Island Extension Zone 

1, V3 en echelon veins were locally associated with a south-dipping,  top-to-northwest  

brittle  thrust  fault.   

Petrographic study reveals that V3 veins are composed of varying amounts of 

quartz and carbonate. Both the quartz and carbonate components of V3 veins display a 

larger grainsize than that of V1 veins. Quartz grains within V3 veins  display undulose 

extinction and sutured gra in boundar ies. V3 veins are weakly mineralized, but it is 

unclear whether the mineralization is primary or scavenged from the  V1 veins that they 

cross-cut.  

The orientation and opening direction of sub-horizontal and en echelon V3 veins 

are compatible with  south-side-up transpression, suggesting that they were emplaced 

during D3 deformation.  Where intersections between sub-horizontal and sub-vertical  

V3 veins are visible in  drift walls, there is no apparent cross-cutting relationship, 
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indicating contemporan eous emplacement (Figure 4.3d). Blocky tourmaline is commonly 

found in V3 veins, but they are also cut by sub-vertical tourmaline ñribbonsò. 

4.2.5 V4 

 V4 veins are gold-barren tourmaline  veins with minor quartz . The tourmaline  

occurs as ribbons, cores within other veins, and as blocky masses that  invade or cross-

cut all previous vein sets and fabrics. The prevalence of tourmaline decreases from west 

to east along the Main Island zones, becoming scarce within the Island Extension zones. 

V4 tourmaline ribbons follow, but also cross-cut laminated V1 veins. Within sub -

horizontal V3 veins they commonly mimic the quartz -carbonate extensional growth 

fibres or form blocky masses. The I2M , an intrusion which cross -cuts the C-zone, 

commonly hosts sub-horizontal extensional quartz veins with V4 tourmaline cores . 

Petrographic study shows that tourmaline occurs as euhedral needles.  
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Figure 4.1: Thin section photomicrographs showing the p etrograph y of main vein sets. a) VGD vein 
with large quartz and cal cite grains. Crossed nicols. b) V1 vein (right) cut by V3 vein (left). Crossed 
nicols. c) detail from (b) showing gold in pyrite and quartz. Reflected light. d) V2 vein in highly 
altered and crenulated wall rock. Plane polarized light (left) and crossed ni cols (right).  
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Figure 4.3: Photographs of vein sets found in the study area. a) V GD vein in the Goudreau Zone. b) Cross-
cutting relationship between V1, V2, and V3 veins in the main Island Zones. c) Visible gold occurring as 
suspended droplets and along slip faces in a V1 vein. d) The upper-left corner of a drift showing the 
orientation of a V3 conjugate vein set. e) A drift face in the Island Deep Zone showing the typical 
geometry of the C-zone: one of more steeply south-dipping, large V1 veins flanked by sub -parallel, 
smaller V1 veins and V2 veins within the ore zone and cross-cut by apparently sub -horizontal V3 veins. 
f) sketch of (e). 
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Figure 4.4: Lower hemisphere equal area projection showing the 
orientations of V1 and V2  veins sets in the Island Gold mine. Red 
diamonds represent pol es to V1 veins recorded during this study. The 
yellow star represents the pole to the average orientation of Island Gold 
mine ore veins. Blue dots represent poles to V3 veins recorded during 
this study 



46 
 

  

Figure  4.5: Schematic block diagram showing the geometry of D2 fabri cs and the vein sets of the Island 
Gold deposit. API=Alteration Package Island. Not drawn to scale.  
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5. U-Pb Geochronology 

5.1 Introduction 

Two intrusions within  the study area were selected for U-Pb geochronology to 

constrain the absolute age of gold mineralization at the Island Gold deposit.  Samples 

were collected from core and underground and sent to the Geological Survey of Canada 

for  processing and analysis.  

5.2 Analytical Techniques 

Zircons were separated from 1-5 kg of pulverised rock by conventional crushing, 

grinding, and hydrodynamic separation on a Wilfley TM table, Methylyne Iodine heavy 

liquid separation, and magnetic separation using a Frantz isodynamic separator. Zircons 

were selected from the magnetic and (or) non-magnetic fraction at 1.8 A and 1°ss. 

Around 70-130 grains from each sample were mounted in epoxy resin and polished to 

expose their interior.  

U-Pb analyses were performed with the SHRIMP II instrument at the J.C. 

Roddick Ion Microprobe  Laboratory, Geological Survey of Canada, Ottawa. Analytical 

procedures followed those described by Stern (1997). Briefly, zircons were cast in 2.5 cm 

diameter epoxy mounts along with fragments of the GSC laboratory standard zircon 

(z6266, with 206Pb/ 238U age = 559 Ma, Stern and Amelin, 2003). The mid-sections of 

the zircon grains were exposed using 9, 6, and 1 µm diamond compound, and the 

internal features of the zircon (such as zoning, structures, alteration, etc.) were 

characterized in back-scattered electron mode (BSE) utilizing a Zeiss Evo 50 scanning 

electron microscrope. Mount surfaces were evaporatively coated with 10 nm of high 

purity Au. Analyses were conducted using an 16O2- primary beam projected ont o the 

zircon at 10 kV. The count rates at eleven masses including background were 
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sequentially measured over 6 scans with a single electron multiplier and a pulse 

counting system with deadtime of 23 ns. Off-line data processing was accomplished 

using SQUID version 2.50.11.10.15, rev. 15 Oct 2011. The 1s external errors of 206Pb/ 238U 

ratios reported in the data table incorporate a minimum °1.0 % error in calibrating the 

standard zircon (see Stern and Amelin, 2003). Pb isotopic values were monitored by 

analyses of an in -house standard with a 207Pb/ 206Pb age of 2679.6 ± 0.3 Ma; a small 

mass bias correction (1.003) was applied. Common Pb correction utilized the Pb 

composition of the surface blank (Stern, 1997). Isoplot v. 4.15 (Ludwig, 2008) was used 

to generate concordia plots and calculate weighted means. The error ellipses on the 

concordia diagrams and the weighted mean errors are reported at 2s. Analytical data 

are given in tables 5.1 and 5.2. 

5.3 Sample description and U-Pb results 

5.3.1 Sample SH-3: Webb Lake Stock trondhjemite 

Sample SH-3 is from the W ebb Lake Stock, a mineralized trondhjemitic intrusion  

that extends sub-parallel to the Island Gold deposit, approximately 500 metres to the 

northwest . Sample material  was collected from drill core which intersected the stock at 

550 metres below surface. The elongate, stretched out shape of the stock suggests that it 

was emplaced syn-tectonically with the F1 fold that it intrudes along. Results from this 

sample will give an absolute older limit on the timing of mineralization  and an 

approximate timing of  D1 deformation associated with the emplacement of the Webb 

Lake Stock.  

128 zircons were recovered from sample SH-3. The majority of zircons recovered 

were colourless, slightly  elongate, sub- to euhedral crystals. Some of the zircons had a 
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brownish hue, and a few formed very long, slender crystals (Figure 5.2). SEM images of 

the zircons show zoned or faintly zoned grain interiors with homogenous rims  or 

recrystallized zones (Figure 5.1). Twenty-four spot analyses were done on 22 zircons and; 

4 were taken from rims and 20 were taken from the grain interior. Regardless of the 

location of the spot analysis, very similar ages were returned. Together, the analyses 

returned a weighted mean 207Pb/ 206Pb age of 2724.1±4.3 Ma (n=23/24; MSWD = 1.5)  

for sample SH-3. The precision of the age is indicative of a single age for the sample, and 

zoning is considered a product of magma crystallization . This places an older limit on 

the absolute timing of mineralization as well as an approximate time for D1 

deformation.  

5.3.4 Sample KJM095: άLнaέ ƛƴǘǊǳǎƛƻƴ 

Sample KJM095 is from the ñI2Mò, a weakly deformed, barren, nepheline-

bearing monzonite intrusion which cross -cuts the Island ore zones at depth and dips 

steeply to the north . Sample material was collected from the 740 level of the Island Gold 

mine workings.  The absence of a pervasive fabric or alteration  within the intrusion  

suggests that the I2M was emplaced late or after D2 shearing and regional greenschist-

facies metamorphism . The results from this sample will give an absolute younger limit 

on the timing of mineralization , as well as the approximate timing of the  end of D2 

deformation.  

Seventy zircons were recovered from sample KJM095. They were pale to dark 

translucent  brown with  subhedral to rounded crystals (Figure 5.4). SEM images of the 

zircons show zoned grain interiors with thin, homogenous rims  (Figure 5.3). 24 spot 

analyses were done on 22 zircons; 3 were taken from rims and 21 were taken from the 
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grain interior.  The ages returned for sample KJM095 w ere also remarkably similar 

regardless of spot location and define a weighted mean 207Pb/ 206Pb age of 2672.2±3.5 

Ma (n=24/24; MSWD = 1.2) . The data is indicative of a single age and represents the 

magma crystallization age. This places a younger limit on the absolute timing of 

mineralization as well as D2 deformation.  
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