
INTRODUCTION 

Island Gold is an operating underground gold mine 
located approximately 35 km north of Wawa, Ontario, 
near the town of Dubreuilville. At the end of 2016, 
indicated and measured resources were estimated at 
0.48 Mt at 5.94 g/t Au (91,400 oz) with inferred 

resources estimated at 3.04 Mt at 10.18 g/t Au (995,700 
oz: Adam et al., 2017). Additionally, proven and prob-
able mineral reserves were estimated at 2.55 Mt at 9.17 
g/t Au (752,200 oz: Adam et al., 2017). 

The Island Gold deposit is part of the Wawa gold 
camp, which is located between the major mining 
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ABSTRACT 

The Archean Island Gold deposit is situated in the Michipicoten greenstone belt within the Abitibi-Wawa 
subprovince. Gold mineralization is hosted in dacitic volcanic and volcaniclastic rocks, gabbro, and a 
tonalite-trondhjemite body (Webb Lake stock) within the southern domain of the east-west-trending 
Goudreau Lake deformation zone. The area is highly prospective, however, the controls on high-grade min-
eralization and the timing of events in the Michipicoten belt remain to be firmly established and compared 
with major gold systems of the southern Abitibi belt. 

Several phases of deformation have affected the host rocks. The first deformation (D1) event produced 
regional-scale folds. The second deformation (D2) event resulted in camp-scale folds (F2), a steep axial pla-
nar foliation (S2), regional greenschist-grade metamorphism, and the formation of the Goudreau Lake defor-
mation zone. The third deformation (D3) event is expressed by brittle reverse faults, camp- to outcrop-scale 
folds (F3), and a weakly developed axial planar (S3) cleavage. 

Gold mineralization in the main Island Gold ore zones was emplaced along the Goudreau Lake defor-
mation zone during the D2 deformation event. The Goudreau Lake deformation zone is inferred to be the 
major conduit that focused the gold-bearing fluids. The main ore zones dip steeply towards the south and 
consist of shear-hosted laminated quartz veins (V1) and associated extensional veinlets (V2). This V1-V2 
veining is sub-parallel to the S2 foliation and concentrated in the strain shadow of the pre-mineralization 
Webb Lake stock during D2 north-side-up, sinistral transpression. Shallowly dipping, extensional quartz 
veins (VGD) also host economic gold mineralization in the Goudreau Zone, which is located north of the 
main zones. The VGD and V1-V2 veins are cut by extensional quartz veins (V3) that formed during the third 
deformation (D3) event in areas of high competency contrast. Post-mineralization tourmaline-quartz veins 
(V4) locally overprint the V3 veins and pre-existing structures. 

Alteration envelopes associated with auriferous veining at the Island Gold deposit range from the cen-
timetre to metre scale and are enriched in Au, K2O, Rb, S, and Te, and depleted in Na2O. Alteration minerals 
associated with ore zones generally include biotite, Ca-Mg-Fe carbonates, chlorite, plagioclase, quartz, sul-
phides (pyrite±pyrrhotite±chalcopyrite), and white mica (muscovite±phengite). Weak alteration associated 
with the late V3 non-auriferous veins is variable and local.  

The upper and lower absolute limits on the timing of gold mineralization are constrained by the U-Pb 
zircon ages of the mineralized Webb Lake stock (2724.1 ± 4.3 Ma) and the post-mineralization silica-poor 
diorite-monzodiorite (I2M) dykes (2672.2 ± 3.5 Ma). The youngest detrital zircon ages from overlying Doré 
sedimentary rocks, which were affected by syn-D2 greenschist-facies metamorphism, further constrain the 
maximum age limit for the timing of gold mineralization to 2680 ± 3 Ma. This timing (2680 ± 3 Ma to 
2672.2 ± 3.5 Ma) falls within the typical age range for gold deposits in greenstone belts of the Superior 
Province. 
 

Ciufo, T.J., Jellicoe, K., Yakymchuk, C., Lin, S., Mercier-Langevin, P., and Wodicka, N., 2020. Geology, structural evolution, and hydrother-
mal alteration of the Island Gold deposit, Michipicoten greenstone belt, Ontario; in Targeted Geoscience Initiative 5: Contributions to 
the Understanding of Canadian Gold Systems, (ed.) P. Mercier-Langevin, C.J.M. Lawley, and S. Castonguay; Geological Survey of 
Canada, Open File 8712, p. 143–156. https://doi.org/10.4095/323671 
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camps of the Abitibi greenstone belt to the east  
(e.g. Kirkland Lake, Timmins, Val-d’Or, and Rouyn-
Noranda), and the Hemlo gold camp to the west (Fig. 
1). The deposit is hosted in the Goudreau Lake defor-
mation zone (GLDZ), which has been compared with 
the gold-rich fault systems (specifically the Larder-
Cadillac fault zone) that host numerous mining camps 
east of the Kapuskasing structural zone (Leclair et al., 
1993; Fig. 1). The Wawa gold camp has not been as 
extensively studied as some of the other gold camps of 
the Abitibi-Wawa subprovince. The last study that 
included a detailed examination of the Island Gold 
deposit (Heather and Arias, 1992) predates the devel-
opment of the Island Gold mine. Access to under-
ground workings and drill core at Island Gold and in 
the vicinity allows access to a wealth of new informa-
tion and data. This provides an opportunity to revisit 
the geology and metallogeny of a “re-emerging” dis-
trict. Comparing the Island Gold deposit with other 
Archean gold deposits of the Abitibi greenstone belt 
will contribute to refining models for gold exploration 
in Archean terranes. 

Two complementary M.Sc. research projects that 
focus on the structural and hydrothermal history of the 
Island Gold deposit commenced under the Gold Project 
of the Targeted Geoscience Initiative 5. The main find-
ings of these projects are summarized here. Readers are 
referred to Jellicoe (2019) for detailed information 
about the deformation history, structural controls on 
ore, and the constraints on the timing of events, and to 
Ciufo (2019) for detailed information about the host 
lithologies, the nature and effects of hydrothermal 
alteration and metamorphism, and exploration vectors. 

REGIONAL AND LOCAL GEOLOGY 

The Island Gold deposit is located west of the 
Kapuskasing structural zone within the Abitibi-Wawa 
subprovince (Fig. 1). This subprovince consists mainly 
of east-west-trending supracrustal belts enveloped by 
larger granitoid-dominated areas. The volcanic and 
plutonic rocks mainly range in age from approximately 
2.9 to 2.7 Ga and 2.9 to 2.6 Ga, respectively (Percival 
et al., 2012). The Michipicoten greenstone belt is 
located in the western part of the subprovince and hosts 
the Island Gold deposit. The Michipicoten greenstone 
belt is dominated by volcanic rocks that have been sub-
divided into three volcanic cycles: the ca. 2900 Ma 
Hawk assemblage, the ca. 2750 Ma Wawa assemblage, 
and the ca. 2700 Ma Catfish assemblage (Williams et 
al., 1991; Sage, 1994; Fig. 1). Each cycle has a mafic 
base and becomes more felsic towards the top. The first 
and second cycles are capped by unconformities sepa-
rating the volcanic rocks from overlying iron forma-
tions. The volcanic and sedimentary rocks are cut by 
dioritic-gabbroic intrusions as well as granitic stocks of 

various ages (Sage et al., 1996). The Doré sedimentary 
rocks consist mainly of wacke and conglomerate that 
unconformably overlie the youngest volcanic cycle. 
The Doré sedimentary rocks are interpreted to be 
derived from the underlying volcanic rocks and their 
intrusive equivalents (Sage, 1994). Most rocks within 
the belt have been metamorphosed to greenschist 
facies, although contact aureoles of granitoid rocks at 
the outer margins of the belt can reach amphibolite 
grade (Rice and Donaldson, 1992). The granitoids 
proximal to the Michipicoten greenstone belt yield U-
Pb ages mostly younger than, or equivalent to, the 2750 
Ma Wawa cycle (Turek et al., 1982). 

The Island Gold deposit is hosted by the GLDZ (Fig. 
2) in the Goudreau-Lochalsh gold district of the Wawa 
gold camp. This 4.5 km wide regional structure is com-
posed of multiple shear zones separating less strained 
domains. It has been traced along strike for >25 km 
(Arias and Heather, 1987). The Island Gold deposit is 
located in the southern domain of the GLDZ on the 
northern limb of the Goudreau anticline (Fig. 2). The 
southern domain is ~2 km wide, strikes N070°, and has 
been traced for ~8 km along strike (Arias and Heather, 
1987). The Island Gold deposit is hosted mainly within 
the second cycle felsic-intermediate volcanic rocks of 
the Wawa assemblage (Arias and Helmstaedt, 1990) 
and, to a lesser extent, in mafic intrusive rocks (Fig. 3). 
The Michipicoten iron formation locally separates the 
cycle 2 felsic-intermediate volcanic rocks from the 
third cycle mafic volcanic rocks to the north. The Webb 
Lake stock, which hosts the Magino deposit a few kilo-
metres west of the Island Gold mine (Fig. 3), forms an 
elongated intrusive body within the GLDZ. The 
Herman Lake nepheline-syenite intrusive complex 
(2671 +17/-10 Ma: Corfu and Sage, 1992) and the 
Maskinonge Lake granodiorite stock (2671 ± 2 Ma: 
Corfu and Sage, 1992) are large intrusive bodies 
located north of Island Gold (Fig. 2). Various pre- and 
post-ore dykes are also present in the Island Gold area. 

HOST ROCKS, DEFORMATION,  

MINERALIZATION, AND ALTERATION 

Field Relationships and Petrology 

The main rock types present at the Island Gold mine 
include Wawa assemblage felsic-intermediate volcanic 
rocks, the Michipicoten iron formation, pre-ore mafic 
sills and dykes, the Webb Lake stock, and four sets of 
post-ore dykes (gabbro/lamprophyre, quartz diorite, 
I2M silica-poor diorite-monzodiorite, and diabase-
quartz diabase). A summary of field relationships and 
petrological results is presented in this section for each 
of these lithologies. For more details, including meth-
ods and data, readers are referred to Ciufo (2019), 
Ciufo et al. (2019), and Jellicoe (2019). 
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Pluton

Felsic intrusion

Catfish assemblage (2.7 Ga)
(cycle 3)

Trondhjemite-tonalite

Mafic intrusion

Doré sedimentary rock

Iron formation

Wawa assemblage (2.75 Ga)
(cycle 2)
Deformation zone boundary
Fault

Gold deposit

Michipicoten iron formation

700,000E

5,355,000N
5,345,000N

Figure 2. Geology of the Island Gold deposit and surrounding area (modified from Arias and Heather, 1987; Williams et al., 
1991; and Jellicoe, 2019). Abbreviations: CLDZ = Cradle Lake deformation zone; GLDZ = Goudreau Lake deformation zone. 

   

692,000E

5,353,000N
5,351,000N

Surface trace of Island Gold 
mineralized zone
Diabase dyke
Felsic intrusion
Tonalite-trondhjemite
Mafic intrusion
Catfish assemblage (2.7 Ga) (cycle 3)

Wawa assemblage (2.75 Ga) (cycle 2)
Iron formation

Figure 3. Geological map of the study area showing the southern Goudreau Lake deformation zone boundaries and the Island 
Gold deposit zones. Note the location of the Island Gold deposit relative to the Webb Lake stock. Partially transparent areas 
represent water bodies. Modified from Jellicoe (2019 and references therein). 
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The felsic-intermediate volcanic rocks (cycle 2, 
Wawa assemblage) are the most volumetrically signifi-
cant lithologies at the Island Gold deposit (Fig. 3). They 
are also the oldest as they are stratigraphically overlain 
or crosscut by all other lithologies. They consist of tuff, 
lapilli tuff, tuff breccia, flows, and compositionally 
equivalent hypabyssal intrusive units. These rocks con-
sist of plagioclase (andesine), quartz, calcite, biotite, 
chlorite, white mica (muscovite and illite), and epidote. 
Accessory minerals (typically <1 vol.%) include actino-
lite, apatite, chloritoid, grunerite, hematite, hornblende, 
ilmenite, magnetite, rutile, siderite, titanite, tourmaline, 
and zircon. These rocks are dacitic in composition 
(Ciufo, 2019), fine-grained (<1 mm), and often contain 
quartz and plagioclase phenocrysts (2–5 mm).  

The Michipicoten iron formation stratigraphically 
overlies the dacitic volcanic rocks (Sage, 1994; Fig. 3), 
but thin iron formation beds are locally interlayered 
with the dacitic rocks as well. Sulphide and iron oxide-
rich Algoma-type iron formation (cf. Gross, 1980) that 
can be massive or banded are present. Where banded, 
layers are composed of iron oxides (magnetite and 
hematite) and sulphides (mostly pyrite) alternating 
with chert, carbonate, and chlorite-rich layers. Accessory 
minerals include chloritoid, epidote, ilmenite, white 
mica, and tourmaline. 

The pre-gold mineralization mafic intrusive rocks 
consist of gabbroic sills and dykes (Ciufo, 2019) and 
are cut by the auriferous veins in the ore zones. Their 
mineralogy consists of chlorite, quartz, epidote, car-
bonates (mostly calcite), actinolite, titanite, plagioclase 
(oligoclase–andesine), and hornblende. Accessory 
minerals include chloritoid, hematite, ilmenite, mag-
netite, clinopyroxene, rutile, tourmaline, and white 
mica (phengite). Most of the primary minerals in this 
lithology have been replaced with greenschist-facies 
minerals. 

The Webb Lake stock is a relatively minor lithology 
at the Island Gold deposit, but it hosts the bulk of the 
ore at the Magino deposit to the west (Turcotte and 
Pelletier, 2008; Fig. 3). It is equigranular, medium- to 
coarse-grained, and intrudes the dacitic volcanic rocks, 
iron formation, and gabbro, and therefore post-dates 
these lithologies. It is composed of plagioclase (albite–
oligoclase), quartz, chlorite, biotite, white mica (phen-
gite±muscovite), epidote, and calcite. Accessory min-
erals include actinolite, apatite, chloritoid, hematite, 
hornblende, ilmenite, pyrite, pyroxene, rutile, titanite, 
tourmaline, and zircon. The Webb Lake stock is mainly 
tonalite with >10 vol.% ferromagnesian minerals (cf. 
Barker, 1979) but also has less abundant trondhjemitic 
phases composed of <10 vol.% ferromagnesian miner-
als (Ciufo, 2019).  

Two distinct post-gold mineralization dyke sets 
commonly parallel and locally cut the V1-V2 ore zones 

(see below for vein nomenclature). One set consists of 
gabbro/lamprophyre composed of quartzo-feldspathic 
minerals (oligoclase-andesine and quartz), carbonate 
minerals, chlorite, and white mica. Accessory minerals 
include actinolite, epidote, hematite, rutile, titanite, 
tourmaline, and zircon. The other set consists of silica-
poor diorite–monzodiorite (referred to as I2M by mine 
geologists), which is composed of plagioclase (oligo-
clase), carbonate minerals, biotite, chlorite, epidote, 
magnetite, and orthoclase. Accessory minerals include 
hematite, pyrite, quartz, rutile, titanite, tourmaline, 
white mica, and zircon. The silica-poor diorite-monzo-
diorite appears less deformed and metamorphosed than 
the gabbro/lamprophyre and therefore could be 
younger, although no clear crosscutting relationship 
between these two sets of dykes was observed. A minor 
quartz diorite dyke was exposed in one locality in the 
mine and as xenoliths within the silica-poor diorite-
monzodiorite. 

The lithologies discussed above in this section con-
tain metamorphic assemblages that commonly include 
chlorite, actinolite, and epidote indicative of green-
schist-facies metamorphism. Late diabase–quartz dia-
base dykes sharply cut all other lithologies and quartz 
veins, and are likely part of the Proterozoic 
Matachewan dyke swarm (Fig. 3). 

Structural Geology 

Three major deformation events (D1 to D3) affected the 
host rocks of the Island Gold deposit and surrounding 
rocks. The regional deformation event (D1) is respon-
sible for steepening of the volcanic and sedimentary 
rocks during regional- to camp-scale, northeast-south-
west-striking upright folding (F1) and formation of an 
axial-plane cleavage (S1). The Goudreau anticline, the 
axial trace of which is located approximately two kilo-
metres to the southeast of the Island Gold mine, is a 
regional F1 fold (Fig. 2). The deposit is located on its 
northern limb in spatial association with a second-order 
parasitic synclinal fold to the Goudreau Anticline (Fig. 
3). The Webb Lake stock tonalite-trondhjemite forms 
an elongate body along the axial plane of this parasitic 
fold, suggesting pre- or syn-D1 deformation emplace-
ment (Fig. 4). 

The D2 deformation event is a sinistral, north-side-
up transpressional event. The GLDZ and associated S2 
foliation and L2 stretching lineation formed during this 
event. Within the study area, the GLDZ strikes N070° 
with a gently sigmoidal trend (Heather and Arias, 
1987) and follows the contact between the Wawa and 
Catfish assemblages (Fig. 3). The S2 foliation is a pen-
etrative foliation oriented subparallel to the strike of 
the GLDZ. It is expressed as schistosity in the volcanic 
rocks and the Webb Lake stock and displays a sinistral 
C-S fabric as well as sinistral offsets of veins along the 
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shear planes. The strike of the S2 foliation is typically 
N070°, but ranges from N040° to N085°, with dips that 
vary from subhorizontal to subvertical (Fig. 5a). The 
L2 stretching lineation, defined by stretched quartz and 

feldspar phenocrysts, plunges shallowly to steeply to 
the east along the S2 foliation in the dacitic tuff. (Fig. 
5a). 

The D3 deformation event produced camp- and out-
crop-scale F3 folds, an associated axial planar S3 cleav-
age, and top-to-northwest reverse faults. The F3 folds 
are open to tight, shallowly plunging, and Z-shaped. 
They occur at outcrop scale where they fold and trans-
pose dykes and the S2 foliation within the volcanic 
rocks and the Webb Lake stock, and at camp-scale 
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Figure 4. Schematic diagram showing the development of 
structures during D1-3 deformation in the study area. Grey 
arrows represent principal shortening axes during progres-
sive D1-3 deformation. The horizontal grey line in the lowest 
block represents the current surficial expression. 
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Figure 5. Stereographic projections: lower hemisphere equal 
area plots. a) Orientations of D2 deformation fabrics in the 
study area. The light blue diamonds represent poles to S2 
foliation planes. The dark blue dots represent L2 stretching 
lineations. b) Orientations of F3 fold hinges (black diamonds) 
in the study area. 
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where they fold lithological contacts and the orebody. 
The poles to S2 foliation form a girdle (Fig. 5a) that is 
sympathetic to F3 fold axes (Fig. 5b), indicating that 
the variation in S2 orientations is due to D3 overprint-
ing. The steeply north-dipping S3 axial planar cleavage 
overprints the S2 foliation and is weakly to moderately 
developed within folded felsic intrusions. In the north-
ern part of the study area, the S2 foliation is typically 
north-dipping and transposed subparallel to the S3 
axial planar cleavage. 

Late brittle fractures, with minor (<1 m) offsets, 
overprint all previous structures. At the Island Gold 
deposit, mineralized zones (Extension 1 and 2 zones) 
show apparent sinistral offset of tens of metres along 
two diabase dykes, suggesting that the dykes were 
emplaced along brittle faults. 

Vein Types and Gold Mineralization 

Two types of veins are present in most of the ore zones 
throughout the Island Gold deposit: V1 shear veins and 

V2 extensional veins (Fig. 6a). Mutually crosscutting 
relationships and their close spatial association with 
each other suggest that the V1 and V2 veins (V1-V2) 
formed during the same gold mineralizing event. They 
also have overlapping alteration envelopes. White-
coloured, semi-translucent, extensional quartz veins 
are present in the Goudreau Zone (VGD veins) and 
these veins are folded and shallowly plunging (Fig. 
6b). A shear zone hosting V1-V2 veins was observed 
offsetting a VGD vein suggesting that V1-V2 veining 
postdates VGD veining. The VGD, V1, and V2 veins 
often crosscut and alter the dacite, gabbro, and Webb 
Lake stock, and commonly contain macroscopically 
visible gold. Envelopes of alteration progressively 
increase in intensity towards these veins, and although 
gold is present in these alteration envelopes, the highest 
concentrations are found within the veins.  

Most of the gold within VGD, V1, and V2 veins 
occurs as free gold along mineral grain boundaries in 
the form of micrometre- to millimetre-scale lamina-
tions, veinlets, or irregular masses (Fig. 7a). 
Occasionally, gold is present as inclusions within other 

V3

V1

V2

wall
rock

ore
zone

N S

A

N S

B

VGD

10 cm

Figure 6. Photographs of vein sets found in the study area. 
a) An example showing the crosscutting relationships 
between V1, V2, and V3 veins in the main Island zones. b) A 
typical example of a VGD vein in the Goudreau Zone.  

   

A

B

Figure 7. Reflected light photomicrographs of gold and sul-
phide minerals in quartz veins. a) Sulphides associated with 
gold. b) Gold inclusion in pyrite. 
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minerals such as quartz, carbonate, white mica, and 
pyrite grains (Fig. 7b). In all cases, gold is spatially 
associated with sulphide minerals within a few hundred 
micrometres. Less commonly, gold grains are present 
within the altered VGD, V1, and V2 vein selvages. Gold 
grains in VGD, V1, and V2 veins may also contain minor 
silver (<15 wt%). 

A fourth vein-type (V3) consists of barren, quartz-
carbonate extensional veins that cut across all litholo-
gies, with the exception of the diabase–quartz diabase, 
and also frequently cut across ore zones (Fig. 6a). 
Typically, VGD, V1, V2, and V3 quartz veins are com-
posed of >90 % quartz and <10% carbonate minerals 
(calcite±dolomite±ankerite). 

Tourmaline may be present as semi-planar ribbons 
(V4 veins) or disseminated within various lithologies 
as well as within VGD, V1, V2, and V3 quartz veins. 
The tourmaline ribbons are commonly parallel to these 
veins, as well as various other contact surfaces. In addi-
tion to tourmaline, V4 veins occasionally contain minor 

quartz and carbonate minerals. Tourmaline occurs 
within and postdates all lithologies and vein types, with 
the exception of the diabase-quartz diabase dykes. 

Alteration and Vectors for  
Gold Mineralization 

Isocon diagrams and mass balance calculations were 
used to determine consistent chemical mass gains and 
losses due to alteration based on the whole-rock geo-
chemistry of multiple altered and less-altered sample 
pairs. Alteration strength groupings were initially out-
lined based on proximity to auriferous quartz veins and 
qualitative estimates of alteration intensity and later 
quantified on the basis of K2O and S concentration. 
The methods used to determine immobile chemical 
species are outlined in Ciufo (2019). Alteration related 
to V1-V2 veining at the Island Gold deposit (e.g. Fig. 
8a–d, 9) resulted in the enrichment of Au, K2O, Rb, S, 
and Te, and typically depletion in Na2O in alteration 
envelopes developed in dacite, gabbro, and the Webb 

A Strongly altered B Moderately altered

C Weakly altered D Least altered

Figure 8. Cross-polarized transmitted light photomicrographs of dacitic samples that are variably altered by V1-V2 veins. The 
amount of pyrite, quartz, and white mica increase with increases alteration intensity. The proportions of plagioclase and primary 
biotite decrease with increasing alteration.  
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Lake stock. Other common enrichments include As, 
Se, and W. Other consistent chemical gains and losses 
specific to dacite, gabbro, and the Webb Lake stock due 
to auriferous alteration are summarized in Figure 10. 

Alteration minerals associated with V1-V2 aurifer-
ous quartz veining mainly consist of biotite, Ca-Mg-Fe 
carbonates, chlorite, plagioclase, quartz, sulphides 
(pyrite±pyrrhotite±chalcopyrite), and white mica 
(muscovite±phengite; e.g. Fig. 8a–c, 9). Changes in 
mineral proportions from strongly altered to least 
altered rock are depicted in Figure 11 for each of the 
three main host lithologies. The alteration mineral 
assemblage and mineral proportions vary depending on 
the host rock. In all lithologies, the volumetric propor-
tion of potassic micas (sum of biotite and white mica) 
and sulphide minerals generally increases with increas-
ing alteration intensity (Fig. 11). Based on the study of 
multiple alteration envelopes associated with V1-V2 
veining at various locations throughout the deposit, the 
alteration minerals and major chemical gains remain 
relatively consistent. The mineralogical and chemical 
signature of alteration related to VGD veins in the 
dacite is similar to that of alteration related to V1-V2 

Strongly altered

Quartz vein

Strongly altered

Moderately altered

Weakly altered

Figure 9. Scanning electron microscope mineral liberation 
analysis (SEM-MLA) image (using false colours to depict dif-
ferent minerals) of a V2 quartz veinlet and an associated 
miniature dacite-hosted alteration envelope in a thin section. 
Approximate boundaries between alteration strength group-
ings are displayed. 

  

Dacite

Gabbro

Webb Lake stock

A

B

C

Figure 10. Isocon diagrams displaying the composition of 
samples of (a) dacite, (b) gabbro, and (c) the Webb Lake 
stock altered by V1-V2 veins plotted against the composition 
of corresponding less altered samples. In addition to rela-
tively immobile chemical species, only chemical species that 
are consistently enriched or depleted due to alteration of that 
lithology are displayed. Concentrations of elements are arbi-
trarily scaled to avoid stacking/overlap and scale factors are 
displayed in front of each chemical species. Abbreviations: 
Fe2O3T= total iron; LOI= loss on ignition. Methodology details 
are given in Ciufo (2019). 
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veins in the same lithology (Ciufo, 2019). One side of 
an alteration envelope associated with auriferous 
quartz veining (V1-V2 and VGD) can range in thickness 
from a few centimetres to 10 m or more perpendicu-
larly outwards from a central vein to the outer margin 
of the alteration envelope. 

The V1, V2, and VGD quartz veins and their associ-
ated diffuse zones of silicification (“quartz flooding”) 
are the most reliable indicators for gold grades that are 
>4 g/t at the Island Gold deposit. In low-grade samples 
(1–4 g/t Au), pyrite mode correlates well with gold 
grade. Samples with greater than 3 vol.% sulphide min-
erals (pyrite±pyrrhotite±chalcopyrite) typically have 
grades of >1 g/t Au. Proportions of alteration minerals, 
such as biotite, carbonates, chlorite, quartz, sericite, 
and sulphides, can be used as an approximate guide to 
determine the intensity of alteration (Fig. 11). 
Subsequently, this can be used to help estimate gold 
grade as gold concentrations that are >1 g/t are typi-
cally found in either strongly altered rock or auriferous 
quartz veins (Fig. 12). Increased proportions of chlorite 
and carbonate minerals relative to unaltered rock can 
be used to identify the weakly altered outer margins of 
alteration envelopes associated with auriferous quartz 
veins. 

The V3 veins have either no associated visible alter-
ation or have local envelopes of weak alteration that 
typically do not extend more than 20 cm from the 
vein/wall-rock contact. Chemical mass gains and 
losses are minor, inconsistent, and vary depending on 
the host rock in which the veins formed (Ciufo, 2019). 

Tourmalinization (V4 veins) was probably unrelated 
to the main gold mineralizing events as least altered 

samples often contain tourmaline. Additionally, these 
least altered tourmaline-bearing samples have low gold 
grades, which are equivalent to least altered samples 
that are absent of tourmaline. In many cases, the tour-
maline ribbons/veins have no visible alteration enve-
lope.  

U–Pb Zircon Geochronology 

To better constrain the timing of events at the Island 
Gold deposit, two samples were analyzed for U-Pb zir-
con geochronology using a sensitive high-resolution 
ion microprobe. The zircons were analyzed at the J.C. 
Roddick Ion Microprobe Laboratory at the Geological 
Survey of Canada. Readers are referred to Jellicoe 
(2019) for analytical procedures and detailed results. 
Sample SH-3 is a drill core sample from a drillhole that 
intersected mineralized tonalite-trondhjemite of the 

Quartz and Felspar
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Figure 11. Mineral proportions in samples of (a) dacite, (b) gabbro, and (c) the Webb Lake stock variably altered by auriferous 
V1-V2 quartz veins. Mineral proportions were determined via scanning electron microscope mineral liberation analysis (SEM-
MLA) for dacite and point-counting was used for gabbro and the Webb Lake stock.  
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Figure 12. Samples of dacite, gabbro, the Webb Lake stock, 
as well as VGD and V1-V2 auriferous quartz veins, are subdi-
vided into five groupings: auriferous vein, strongly altered, 
moderately altered, weakly altered, and least altered (Ciufo, 
2019). This histogram displays the proportion of these sam-
ples within each of the five groupings that fall into each of the 
gold-grade intervals outlined in the legend. 
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Webb Lake stock at a depth of 550 m below surface. 
Zircons from this sample yield a preliminary weighted 
mean 207Pb/206Pb age of 2724.1 ± 4.3 Ma (n = 23/24; 
mean square weighted deviation (MSWD = 1.5), which 
is inferred to be the crystallization age of the Webb 
Lake stock. It also provides a maximum age for gold 
mineralization (as discussed below). 

Sample KJM095 is from a barren, silica-poor dior-
ite-monzodiorite intrusion (I2M) that cuts across the 
Island ore zones at depth. The sample was collected 
from the 740 metre level underground workings of the 
Island Gold mine. The absence of pervasive fabric or 
alteration in the dyke suggests that it was emplaced 
late- or post-D2 shearing and regional greenschist-
grade metamorphism. The zircon grains from sample 
KJM095 define a preliminary weighted mean 
207Pb/206Pb age of  2672.2 ± 3.5 Ma (n = 24/24, 
MSWD = 1.2), which is interpreted as the crystalliza-
tion age of the silica-poor diorite-monzodiorite, and the 
minimum age for gold mineralization. 

DISCUSSION 

Structural History and Age of Gold 

Mineralization 

The emplacement of the Webb Lake stock along an F1 
fold axial surface occurred before or during D1 defor-
mation. The Webb Lake stock acted as a more compe-
tent body during D2 deformation. A large protrusion 
along the southwest edge of the Webb Lake stock (Fig. 
3) passively created a strain shadow to the southeast. 
Dilation along the edge of this strain shadow allowed 
emplacement of V1 and V2 veins along the S2 foliation, 
forming a mineralized corridor (Fig. 13). During D3 
deformation, the F3 folds overprinted the S2 foliation 
and the V1 and V2 veins, and the V3 veins were 
emplaced in shallowly dipping extensional fractures 
(Fig. 4). The VGD veins in the Goudreau Zone appear 
to be distinct from the V1-V2 veins of the main Island 
and Extension zones. VGD veins are believed to repre-
sent an earlier, separate mineralizing event. Further 
investigation into the controls on this mineralizing 
event and its timing relative to the Island and Extension 
zones is necessary to confirm how the Goudreau Zone 
fits into the overall genetic model of the Island Gold 
deposit. Although the D2-related V1 shear veins and 
associated V2 extensional veins represent the main 
mineralized features, hydrothermal activity in the area 
might have been protracted, or more than one mineral-
izing event may have affected the Island Gold deposit; 
this has potential implications for exploration at the 
camp scale. 

U-Pb zircon ages from the mineralized Webb Lake 
stock (2724.1 ± 4.3 Ma) and the I2M post-mineraliza-
tion dyke (2672.2 ± 3.5 Ma) define absolute constraints 

on the timing of gold mineralization at the Island Gold 
deposit. Like the Webb Lake stock and I2M, the over-
lying Doré sedimentary rocks were also affected by 
greenschist-facies metamorphism and the age of the 
youngest analyzed detrital zircon is 2680 ± 3 Ma 
(Corfu and Sage, 1992). D2 deformation occurred dur-
ing regional greenschist-facies metamorphism indicat-
ing that D2 deformation began shortly after the deposi-
tion and subsequent rapid burial of the Doré sediments, 
and further constrains the timing of mineralization to 
post-2680 ± 3 Ma.  

The likely age range for gold mineralization at the 
Island Gold deposit (between 2680 ± 3 Ma and 2672.2 
± 3.5 Ma) is consistent with the age of gold mineraliza-
tion at the Hemlo deposit to the west (ca. 2677 Ma: 
Davis and Lin, 2003) that also took place during D2 
deformation (Lin, 2001) and during extensive ca. 
2686–2677 Ma sanukitoid magmatism (Lin and 
Beakhouse, 2013 and references therein). Robert et al. 
(2005) and Dubé and Gosselin (2007) suggest that the 
peak of orogenic gold mineralization (greenstone-
hosted quartz-carbonate vein systems) in the southern 
Abitibi greenstone belt occurred syn- to late-main 
deformation and late- to post-peak greenschist-facies 
metamorphism (i.e. <2670 Ma, the maximum age of 
the Timiskaming orogenic conglomerate, and postdates 
ca. 2680–2670 Ma alkaline magmatism±volcanism). 
However, there are post-volcanic, structurally con-
trolled gold deposits that are slightly older in the 
Abitibi (e.g. the Kiena mine, which has a minimum age 
of gold mineralization of 2686 Ma: Morasse et al., 
1995). More recently, Lin and Beakhouse (2013) sug-
gested that gold mineralization, Timiskaming-type sed-
imentation and sanukitoid/alkaline magmatism were 
generally synchronous and probably related to the 
same tectonic process (synchronous vertical and hori-
zontal tectonism) at the late stage of Archean cratoniza-
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Figure 13. Schematic block diagram showing the geometry 
of D2 deformation fabrics and the vein sets of the Island Gold 
deposit. The C zone is one of the main ore zones at the 
Island Gold deposit. Not to scale. 
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tion. In any case, the timing of gold mineralization at 
Island Gold falls within the age range of peak gold 
mineralization in the southern Abitibi greenstone belt. 
However, gold mineralization at Island Gold is perhaps 
slightly older than, or coeval with, the alkaline magma-
tism in the area based on the available U-Pb ages. More 
work is necessary to decipher the precise timing rela-
tionships between sedimentation, calc-alkaline to alka-
line magmatism, and gold deposition at camp scale. 

Although the GLDZ represents a major D2 deforma-
tion corridor, it is not clear if it represents a first-order 
structure. Its nature, location in the district, and direct 
spatial association with gold suggest that it is perhaps 
rather a second- or third-order structure. If that is the 
case, it then raises the question about the location of 
what could be a first-order structure, or precursor major 
fault in the district, which is of crucial importance to 
understand gold metallogenesis and improve explo-
ration models in the district. 

Auriferous Alteration 

Alteration associated with gold mineralization at the 
Island Gold deposit is similar to other orogenic gold 
deposits, including the presence of biotite, carbonates, 
chlorite, plagioclase, sericite, and sulphides in the 
auriferous alteration assemblage. Similar geochemical 
features include enrichments in As, Au, K, S, Te, and W 
in areas proximal to auriferous quartz veining (Groves 
et al., 1998). 

The GLDZ, which hosts the Island Gold deposit, has 
been correlated with the large fault systems east of the 
Kapuskasing structural zone that host major orogenic 
gold deposits (Leclair et al., 1993). Studies of some of 
these gold deposits near Kirkland Lake (e.g. Kerr-
Addison, Young-Davidson, Beattie), Rouyn-Noranda 
(e.g. Francoeur 3), and Timmins (e.g. Hoyle Pond, 
Dome) (Fig. 1) show similar geochemical alteration 
haloes. These deposits are typically characterized by 
enrichments in Au, K2O, Rb, and S (Kishida and 
Kerrich, 1987; Moritz and Crocket, 1991; Couture and 
Pilote, 1993; Dinel et al., 2008; Bigot, 2012; Martin, 
2012), which is consistent with the Island Gold deposit. 
Other common enrichments in these gold deposits east 
of the Kapuskasing structural zone include As, Ba, CO2 
(and/or volatiles/LOI), SiO2, and W. These enrich-
ments are also developed in auriferous vein-related 
alteration at the Island Gold deposit but do not consis-
tently occur for all altered/less-altered pairs and each 
host lithology. In orogenic gold deposits east of the 
Kapuskasing structural zone, Na enrichment in the wall 
rock around auriferous quartz veins is common (e.g. 
Kishida and Kerrich, 1987; Couture and Pilote, 1993; 
Dinel et al., 2008; Martin, 2012). However, Na deple-
tion occurs at the Island Gold deposit and also in some 

deposits east of the Kapuskasing structural zone, such 
as at the Beattie Gold deposit (Bigot, 2012). 

In deposits that are located east of the Kapuskasing 
structural zone in the Abitibi-Wawa subprovince, gold-
related alteration minerals typically include carbonate 
minerals, chlorite, sericite, and/or potassium feldspar, 
plagioclase, quartz, and sulphide minerals (Kishida and 
Kerrich, 1987; Smith et al., 1987; Moritz and Crocket, 
1991; Couture and Pilote, 1993; Dinel et al., 2008; 
Bigot, 2012; Martin, 2012). Although biotite is not typ-
ically an alteration mineral at these deposits, it is an 
alteration mineral present in gabbro and in Webb Lake 
stock-hosted ore zones at the Island Gold deposit. In 
addition, although present in minor quantities, potas-
sium feldspar is not a major alteration mineral in any 
lithologies at Island Gold. Similar to deposits east of 
the Kapuskasing structural zone, carbonate minerals, 
chlorite, sericite, plagioclase, quartz, and sulphides are 
all significant alteration minerals at the Island Gold 
deposit. 

The overall consistency of the auriferous alteration 
at Island Gold deposit relative to these other deposits 
east of the Kapuskasing structural zone suggests a sim-
ilar genetic history. However, the chemical and miner-
alogical footprint of gold-related hydrothermal alter-
ation at each of these deposits is not identical. This is 
probably due to differences in the nature of host rocks, 
with Island Gold deposit being predominantly hosted 
in intermediate to felsic volcanic rocks, whereas many 
major orogenic gold deposits are hosted in mafic vol-
canic and sedimentary rocks, and in some cases, alka-
line intrusions. This indicates that, although similar, 
both the composition of the auriferous fluids and the 
associated alteration mineral assemblages vary 
between deposits in response to local conditions. 

IMPLICATIONS FOR  
EXPLORATION AND MINING 

The results of this study provide improved guidelines 
for exploration. For example, exploration within the 
GLDZ should prioritize areas of high competency con-
trast within shear zones (e.g. intrusions and lithological 
contacts). The “lee-side” of intrusive bodies at the time 
of D2 deformation should represent areas of particular 
interest as the Webb Lake stock acted more compe-
tently than the surrounding volcanic rocks in the 
GLDZ, thereby creating a strain shadow in which fluid 
circulation was facilitated and auriferous quartz veins 
preferentially formed. This exploration strategy can 
also be applied to other prospective deformation zones 
elsewhere. 

The thorough documentation and classification of 
the types of auriferous veins and associated alteration 
envelopes will aid in identifying, tracking, and model-
ling the auriferous vein systems at the mine and in the 



surrounding area and standardize mapping and core 
logging. In particular, alteration mineral assemblages 
and geochemistry can be used to identify subtle alter-
ation and vector towards areas with an increased poten-
tial for gold. 

The main orebody is oriented subparallel to S2 foli-
ation and the plunge of the L2 lineation. The ability to 
explain and better anticipate the geometry of the ore 
zones in this structurally controlled deposit will help 
improve ore zone correlation, production drillhole tar-
geting, mine planning, and reconciliation. 
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