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FOREWORD 
The present study describes the stratigraphy of the northern part 
of the Sturgeon Lake greenstone belt. The southern part of the 
greenstone belt is known for its mineral wealth. Declining 
reserves, however, threaten the survival of several small 
communities in the area. 

The objective of the investigation is to provide geoscience data 
for mineral exploration and a bases for a comparison of the 
northern with the southern part of the greenstone belt. 

Gold mineralization was found to be associated with shear zones 
developed at contacts between mafic metavolcanic and felsic 
intrusive rocks. 

V.G. Milne 
Director 
Geoscience Branch 
Ontario Geological Survey 
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ABSTRACT 
Lithological and stratigraphic re-investigation indicates that: most rocks on the western side of 

the Sturgeon Lake greenstone belt young to the east; rocks on the eastern side may young west; some 

of the rocks previously mapped as sediment have been re-identified as volcanic, especially between East 

•Bay and Vista Lake. 

Structural analysis has identified two distinct deformation stages; the first involved layer-parallel 

shearing and development of a pervasive mineral foliation and lineation; the second, more local in 

distribution, is characteristed by a weakly developed northeasterly-trending planar fabric that is axial 

planar to open to close steeply-plunging folds. Massive mafic and felsic volcanic rocks became tilted 

into steeply-dipping homoclinal sequences; in contrast, thinly-bedded felsic volcanic and sedimentary 

rocks were both sheared and strongly folded during the first stage of deformation. Second stage 

deformation produced no large-scale geometrical changes in the Sturgeon Lake belt. 

Alteration in felsic volcanic rocks, producing chloride and carbonate-rich rocks, is not of 

regional extent, but is locally developed in contact zones with mafic rocks and in veins. Regional-scale, 

aluminous hydrothermal alteration effects typical of base metal ore occurrences (e.g., Lyon and Mattabi 

Lakes) have not been found. Bleached, sometimes brecciated rocks, rich in garnet and hornblende and 

containing sulphide mineralisation, occur between Vista Lake and East Bay. 

Gold mineralisation is associated with: chalcopyrite within shear zones developed at contacts 

between mafic volcanic and felsic intrusive rocks; flat-lying and steeply-dipping quartz veins within mafic 

volcanic rocks; carbonate alteration at the contact between mafic and felsic volcanic rocks. 
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1: INTRODUCTION 

1.1: RATIONALE OF PROJECT 

Detailed geological mapping in the Sturgeon Lake region 

was carried out over a decade ago (Trowell 1981a, 1983). A 

recent review of the lithological, stratigraphic, 

geophysical and geochronological data for the western 

Wabigoon Subprovince (Blackburn et al. 1991) indicated that 

structural and stratigraphic correlation problems might 

exist in the Sturgeon Lake region. 

The Savant Lake area to the north of the study area was 

re-investigated by Sanborn-Barrie (1989, 1990, 1992). She 

determined the structure of the Savant Lake greenstone belt 

and detailed the occurrence of conglomeratic rocks that 

served as marker units. Her work also indicated a need for a 

similar study in the Sturgeon Lake region to the south. 

The combination of new stratigraphic and structural 

data herein can aid in correlation, if any, of the 

productive mineralised units in the southern part of 

Sturgeon Lake with similar rocks in other parts of the 

region; thereby, exploration may be focussed. 

1.2: OBJECTIVES 

The objectives of this study are to develop an 

understanding of the stratigraphy and structure of the 

northern portion of the Sturgeon Lake greenstone belt in a 

manner similar to that carried out in the Savant Lake area 

by Sanborn-Barrie (1991). Such an understanding is critical 
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to stratigraphic correlation and structural relationships of 

the several mafic and diverse mafic to felsic volcanic 

units. Some of these have been shown to be of differing age 

and their relationships have not previously been fully 

documented. 

This project did not specifically undertake to re-map 

rock types and contacts; Trowell's work in the region 

(Trowell 1981a, 1983) is accurate and complete. Only minor 

modification of his original preliminary maps was required 

in light of revisiting some of his more accessible 

exposures. Some modification of his maps is desirable in 

areas he mapped only in reconnaissance fashion as a result 

of poor access or exposure. Rocks left unmapped by him in 

the Six Mile Lake area (Figure 1.1) were recently 

investigated by Robinson and Maclean (1991). However, 

localised detailed study of sedimentary units in the region 

have resulted in some being reinterpreted as felsic volcanic 

in origin. An earlier, brief version of this report was 

prepared as a fieldwork summary (Williams and Nacha 1991). 

The study area overlaps on its southwestern side with 

the Six Mile Lake area (Figure 1.1); this report is 

companion to one produced for the Six Mile Lake area, by 

Robinson and Maclean (1992). 

Rapid reconnaissance techniques used detailed 

examination of large outcrops on lakeshore and road 

sections, selected traverses across the belt, and 

compilation of existing data. Measurements of structural 
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features were made throughout the region; planar and linear 

fabric data were collected, fold geometry and fold/fabric 

chronology were established and description of shear zones 

included their geometry and their kinematics. Mineralised 

zones were examined for clues to their structure. 

This report is chiefly concerned with stratigraphic and 

structural re-assessment; it does not include detailed 

descriptions of properties. For these the reader is referred 

to annual reports of the Resident Geologist at Sioux 

Lookout, and individual exploration reports and maps 

available for inspection at the Residents Geologists Office 

in Sioux Lookout, or the Geoscience Centre in Sudbury. 

Illustrative examples of the many rock types, structures and 

mineralisation recorded and discussed in this report are 

quoted throughout, using unique locality numbers created in 

the field. Their locations may be found on the locality map 

(Map 1) and in Table 1. 

Field data were compiled for display at 1:50 000 scale, 

using the FIELDLOG data handling system (Brodaric and Fyon 

1989). Data were plotted, viewed and manipulated using 

AutoCAD 1 Release 11. Fabric diagrams were compiled from 

field data using a combination of FIELDLOG and Spheristat^ 

(after Robin and Jowett 1986). 

1 AutoCAD is a registered trademark of Autodesk Inc. 

2 Spheristat is a registered trademark of Frontenac 
Wordsmiths 1990. 
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2: GENERAL GEOLOGY 

2.1: INTRODUCTION 

The region under study has an area of approximately 900 

km 2, is located between longitudes 91°W and 90°25'W, and 

latitudes 49°55'N and 50°15'N. Access to the area is from 

Highway 599, from which branch numerous forest access roads. 

Sturgeon Lake may be entered from a number of docks and 

slips, both private and public. 

The Sturgeon Lake greenstone belt lies within the 

western part of the Wabigoon Subprovince of the Superior 

Province (Blackburn et al. 1991). In the study area (Figure 

1.2) it consists of a generally north-trending belt of 

diverse Neoarchean mafic and felsic volcanic, and 

sedimentary rocks. All the supracrustal rocks have been 

metamophosed at least to greenschist facies, locally to 

amphibolite facies along the eastern edge of the greenstone 

belt. The prefix *meta-' has been generally omitted in this 

report. The supracrustal rocks are generally steeply-dipping 

and bordered to both east and west by complex batholithic, 

massive, foliated to gneissic masses of tonalite, 

granodiorite and granite. To the south and west of the 

project area, supracrustal rocks are generally more east-

striking (e.g.. Six Mile Lake area; Robinson and Maclean 

1991). 

Many of the supracrustal rocks exhibit a planar mineral 

foliation and a mineral/stretching lineation that has 
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developed sub-parallel with original stratification. These 

fabrics are locally cut by a northeasterly-trending series 

of folds and associated axial planar fabric. Zones of 

shearing have developed both along major lithological 

boundaries and at or near contacts with the surrounding 

granitoid rocks. 

Trowell (1981a, 1981b, 1983) documents previous 

geological mapping for the area. 

2.2: ROCK TYPES AND THEIR DISTRIBUTION 

Only brief descriptions are given here because all rock 

types have been fully documented by Trowell (1981a, 1981b, 

1983). The map legend, developed by Trowell in his 1:50 000 

compilation map series (Trowell 1981a), is adopted herein 

with only minor modification. 

2.2.1: Mafic volcanic rocks 

Well preserved, relatively undeformed pillowed (e.g.. 

Localities 144, 232) and massive (e.g.. Localities 142, 568) 

flows, autoclastic breccia (e.g.. Localities 131, 200) and 

tuff (e.g.. Localities 172, 184) are exposed throughout the 

region (Figure 2.1a,c,d). Massive and pillowed mafic rocks 

are dominantly non-porphyritic, but a number of highly 

noticeable, remarkably continuous units of feldspar 

porphyritic units, known as * leopard rock' form prominent, 

mappable units and are a basis for stratigraphic 

correlation. One such unit has been traced from the Six Mile 
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Lake region (Robinson and Mclean 1991) into the NE Arm 

(e.g., Localities 68, 194, 195). White to pale green, round 

plagioclase aggregates may make up 60% by volume of these 

rocks (Locality 194, Figure 2.1b). Amygdular mafic volcanic 

rocks are uncommon (e.g., Locality 237). 

Units of tuff or hyaloclastite, up to several 

decimetres thick, commonly cap massive and pillowed flows as 

schistose layers. More substantial occurrences of mafic tuff 

and breccia are rare. One such occurrence is on a small 

island (Localities 7 and 8) at the mouth of East Bay, where 

layered, clast-rich mafic rocks exhibit clast sizes from 

decimetre to millimetre scale. At this outcrop, a 

gradational contact with sedimentary rocks to the east is 

exposed. 

Stratigraphic younging directions in mafic volcanic 

rocks are problematic unless they are well-exposed. The 

following relationships have been used to determine way-up: 

clast size variation, amygdule distribution in and packing 

of pillows; presence and shape of gas bubble moulds 

(Locality 200) within massive flows. Pillow shape alone was 

considered to be an unreliable indicator of top direction. 

Within or close to shear zones, mafic volcanic rocks 

are commonly highly schistose; primary features in them, if 

any, are rendered virtually unrecognisable. Fine grained, 

mafic schists at the tops of individual mafic flow units are 

ubiquitous within mafic volcanic rocks. The schists commonly 

contain folded and disrupted quartz or carbonate veins that 
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are independent evidence that the schsitose nature is in 

part due to deformation. 

Zones of high strain also occur at the contacts between 

mafic and felsic volcanic units. Pillowed mafic volcanics 

at, or close to these boundaries are remarkably well-

preserved; much of the strain appears to be restricted to 

the adjacent felsic rocks. 

Along the eastern margin of the greenstone belt highly 

metamorphosed and strained mafic rocks contain garnet, 

diopside and dark green hornblende. Patchy areas visible on 

outcrops, of pale grey (mafic?) rocks, contain up to 50% 

garnet, and may have been produced by alteration. These 

rocks, rich in garnet and biotite, may be mafic or felsic 

volcanic, or sedimentary in origin. They also contain 

sulphide mineralisation (Localities 83, 84, 298). 

An isolated outcrop near the eastern margin of the 

greenstone belt, at Locality 247, consists of a schistose 

feldspar porphyritic amphibolite, containing some layers 

with 50% garnet. Interbanded with this rock are several 

concordant 0.3 m thick layers of pale green ultramafic rock 

consisting of a decussate intergrowth of amphibole, talc and 

chlorite. Whether the ultramafic rock is intrusive, or 

tuffaceous in origin is unclear. 

2.2.2: Felsic volcanic rocks and associated volcaniclastic 

rocks 
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This section describes the general characteristics of 

felsic volcanic rocks and their alteration. Newly recognised 

felsic volcanic rocks are described East Bay and from the 

eastern margin of the greenstone belt. Rocks from these two, 

possibly contiguous units were hitherto classified, but with 

reservations, as sedimentary in origin (e.g., Trowell 

1981a); these are herein re-interpreted as felsic tuff 

breccia and tuff. 

Felsic tuff, lapilli tuff and breccia separate the 

major units of mafic volcanic rock within the northern part 

of the Sturgeon Lake belt (Figure 2.2a-d). Thinner units of 

these rocks and of quartzo-feldspathic layered rock of 

unknown protolith, only a few tens of metres thick and 

several kilometres long, occur within the major mafic 

volcanic rocks, especially in the Beckington Lake area 

(e.g.. Locality 71). 

Felsic volcanic rocks exhibit variable states of 

deformation; large areas, such as those described from or 

close to the Six Mile Lake region (Robinson and Maclean 

1991) show little evidence of ductile deformation and are as 

a consequence readily recognisable. Well-preserved tuff 

breccia outcrops on the western shore of Sturgeon Narrows, 

such as at Localities 75 and 555, where undeformed felsic 

clasts are as large as a metre in diameter. Elsewhere, in 

the Northeast Arm, undeformed felsic tuff is restricted to a 

few outcrops of grain size graded, laminated units such as 
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those at Locality 196 (Figure 2.2d). No specific volcanic 

facies types have been distinguished. 

Units of probable felsic volcanic rock, no more than a 

few metres thick, occur within dominantly mafic volcanic 

rocks (e.g.. King Bay, Locality 311; Northeast Arm, Locality 

170). Some of these small rusty, schistose units are also 

locations for sulphide and gold mineralisation. Trowell's 

maps (e.g., Trowell 1981a) exhibit many examples of thin 

felsic units within mafic rocks, but without considerably 

more field data, it is premature to extrapolate these 

scattered outcrops into contiguous units. 

Deformed equivalents of felsic volcanic rocks have 

developed a strong schistosity and elongate clasts. They are 

pale orange, green to chocolate brown in colour as a result 

of the formation of a fine-grained intergrowth of muscovite, 

chlorite and carbonate (e.g.. Localities 138, 163, Figure 

2.2b,c). 

On the western side of the greenstone belt, graded 

units indicate that the felsic volcanic rocks 

stratigraphically young to the east. In contrast, on the 

eastern side of the greenstone belt, for example, at 

Locality 18, felsic volcanic rocks young westwards. 

Generally, however, in highly strained rocks on the eastern 

side of the belt, younging is indeterminate (e.g.. Locality 

23) . 

Within these felsic volcanic rocks, clast compositions 

include: leucocratic, fine to medium-grained, sometimes 
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quartz-porphyritic, felsic rocks; and mesocratic, feldspar-

porphyritic, intermediate clasts. Both felsic to 

intermediate clasts may occur in the same breccia (e.g., 

Localities 147, 174, 218; Figure 2.2b). Minor pumice forms 

dark brown to black, or pale green, angular to swallowtail-

shaped clasts (Localities 65, 220; Figure 2.2c). Matrix 

compositions are generally leucocratic and are composed of 

muscovite-chlorite-carbonate-quartz schist. Quartz crystals 

up to 4 mm in diameter are commonly found in the matrix and 

also in the clasts; some have a square cross-section, 

perhaps pseudomorphing alpha-quartz (Locality 512). Many 

examples of tuff breccia contain unfragmented sulphide balls 

(e.g., Localities 65, 208) of pyrite and pyrrhotite, which 

are sporadically developed, in the form of centimetre-scale 

spheres, or as finely disseminated grains. Sulphide 

typically rusts in weathered outcrop, and is apparently 

ubiquitous, though in small amounts. The centimetre-sized 

spheres of sulphide are typically found within tuff breccia 

(e.g.. Locality 234). The age of the spheres has not been 

determined. They occur in both altered and unaltered breccia 

so are presumed to have developed at an early, post-eruptive 

stage. 

Pervasive, regional alteration to aluminous mineral 

assemblages including garnet, cordierite, chloritoid and the 

aluminosilicates, is not apparent in the study area. These 

minerals are found outside the project area: in the southern 

part of the Sturgeon Lake area around the Lyon Lake and 
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Mattabi base metal mines (Trowell 1983); and in a restricted 

area at the junction of Highways 599 and 516, north of the 

settlement of Savant Lake (Sanborn-Barrie 1992). 

Three types of hydrothermal alteration are locally 

characteristic of felsic volcanic rocks producing muscovite, 

hornblende and carbonate-rich felsic tuff and breccia. 

Schistose, muscovite-bearing, deformed tuff and breccia are 

interpreted to correspond with zones of shear deformation 

(e.g.. Locality 138). Hornblende-bearing veins, pods and 

layers are typically developed in relatively undeformed 

tuff, for example, at Locality 34, although some of the 

veins have been subject to deformation. Carbonate 

alteration, producing iron-rich, dark brown carbonate and 

dark green to black chlorite (cf. carbonate-breccia unit of 

Trowell 1981a) commonly occurs in spatial association with 

second stage deformation features, stratigraphy-parallel 

shear zones, and at the contacts of mafic and felsic 

volcanic units in the Northeast Arm of Sturgeon Lake (e.g.. 

Locality 209, Figure 4.2c,d). Radial growths of iron-rich 

carbonate also occur as a facet of the alteration that 

produced hornblende. Relationships between carbonate veins 

and folding (e.g.. Locality 175) indicate that at least some 

of the carbonate veining and associated alteration pre-dates 

the deformation that produced the dominant foliation; some 

carbonate veins are unaffected by that deformation. Highly 

strained quartzo-feldspathic rocks in the Beckington Lake 

area (Locality 14) exhibit a stockwork of quartz veining and 
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contain abundant pyrite and andalusite porphyroblasts. Rocks 

in this eastern part of the study area are difficult to 

analyse for they are commonly strained, altered, overgrown 

by centimetre-scale decussate-textured metamorphic 

hornblende and fractured; as a consequence, the protolith is 

uncertain, but is probably a felsic volcanic. 

2.2.2.1: Eastern sector of the belt 

Highly deformed and metamorphosed quartzo-feldspathic 

rocks containing decimetre-thick units of amphibolite and 

rare quartzo-feldspathic conglomerate occur along the 

eastern edge of the greenstone belt (e.g.. Localities 132, 

273). These were interpreted by Trowell (1981a) to be 

sedimentary but are re-interpreted here to consist of fine 

to medium grained, layered felsic tuff and rare felsic tuff 

breccia, interlayered on a metre scale with highly altered 

mafic volcanic rocks (e.g.. Localities 117, 296). 

Felsic tuff breccia has been newly recognised on the 

shores of Vanessa, Wellington and Beckington Lakes. Clasts 

within most of these breccias are monolithic, consisting of 

fine to medium grained leucocratic material, some breccias 

contain rare mafic clasts. Clasts do not represent the wide 

selection of rock types that would be expected if they were 

of sedimentary origin (e.g.. Localities 132, 280, Figure 

2.2b). The matrix to these quartzo-feldspathic rocks is 

commonly rich in elongate quartz grains. Quartzo-feldspathic 
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units (tuff?) adjacent to the coarse-grained rocks, display 

variable, sometimes graded grain-sizes. 

Protoliths of some of the leucocratic layered, clastic 

rocks that occur along the eastern margin of the greenstone 

belt have not been definitely assigned to either a felsic 

volcanic, or a sedimentary origin. 

2.2.2.2: East Bay region 

In the region to the north and east of East Bay, 

leucocratic, pink, buff, and white quartzo-feldspathic rocks 

form an east-trending belt lying between two major mafic 

volcanic units (Figure 1.2). Most of these felsic rocks are 

bedded on a decimetre scale, rarely are they size-graded. 

Graded units generally fine to the southeast (Localities 

135, 136). Some beds contain deformed, angular pumice 

fragments (Figure 2.2c), others contain centimetre-scale 

elongate lithic clasts. At the eastern end of East Bay 

(Locality 44), mafic volcanic rocks and rusty massive to 

bedded wacke are separated by about 50 m of mixed felsic and 

chloritic layered rocks that display similarities to rocks 

of known felsic volcanic protolith seen elsewhere. 

On the eastern shore of Sturgeon Narrows and on an un

named small island close to the eastern shore of Sturgeon 

Narrows (Locality 65), centimetre- to decimetre-scale, 

layered, medium- to coarse-grained quartzo-feldspathic 

units, that had hitherto been assigned a sedimentary origin, 

include orange-to buff-coloured, rusty layered rocks. These 
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contain fragments of fine-grained volcanic material and 

aphanitic, dark brown to black, angular inclusions. The dark 

material is considered to be pumice partly because of its 

characteristic swallow-tail shape and glassy, dark-coloured 

appearance. The rust spots within this rock are a result of 

sulphide spheres up to 5 cm in diameter (Figure 4.4d). An 

origin for this rock as a felsic tuff breccia is likely. 

At the western entrance to East Bay are exposires of a 

massive quartzo-feldspathic rock. It may display metre- to 

dekametre-scale bedding, or may be massive. It contains 

rafts of altered and laminated coarse felsic tuff rich in 

white carbonate and muscovite (Locality 10). Trowell (1983) 

considered these massive, coarse-grained and leucocratic 

rocks to be debris flows of felsic volcanic material. 

On the western side of Sturgeon Narrows (Locality 73), 

buff to white, bedded, fragmental felsic and massive mafic 

volcanic rocks are interlayered. Some 200m west (Locality 

74), silicic, grey to white interbedded, medium grained and 

cherty rock are probably of volcanic origin but primary 

structures other than slightly graded bedding are not 

apparent. Tuff breccia forms a small island (Locality 75) on 

the western shore of Sturgeon Narrows and is probably 

laterally eqivalent to the top of the Six Mile cycle felsic 

volcanics identified by Robinson and Maclean (1991). This 

unit has not been traced eastward across Sturgeon Lake from 

this point. 
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2.2.3: Clastic sedimentary rocks 

Trowell (1981a) recognised a number of belts of 

metasedimentary rocks such as those in East Bay, which he 

traced northwards and southwards along the eastern part of 

the greenstone belt. Trowell did however express reservation 

about attributing a metasedimentary origin to some of these 

rocks. 

The re-assessment of the geology of this area has shown 

that clastic rocks with an unequivocal sedimentary origin 

are restricted to the East Bay region. Grey, graded and 

ungraded wacke and pelite are interlayered with felsic tuff 

and cherty pelite. Along the south side of East Bay (e.g.. 

Locality 11; Figure 2.3a) units of wacke and pelite are at 

least tens of metres thick; a true thickness has not been 

ascertained because of the considerable structural 

complexity resulting from both near layer-parallel shearing, 

and folding. Individual beds are decimetres to centimetres 

in thickness, but there is as much as 30% variation in bed 

thickness along strike, some of which may be original, but 

some may be tectonic in origin (Compare Figure 2.3b and 

Figure 3.4d). Decimetre- to metre-thick units of graphitic 

pelite, siltstone and sulphide-rich chert occur within the 

wacke sequence and are described separately, in Section 

2.1.5. 

Lithological re-assessment of the study area has 

indicated that a significant proportion of rocks previously 

considered to be clastic sedimentary in origin (Trowell 
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1981a) are part of a proximal facies tuff breccia, to distal 

facies tuff and lapilli tuff sequence. As a result of this 

re-interpretation, felsic volcanic and clastic 

metasedimentary rocks appear to be interlayered in the East 

Bay region. In the East Bay region, generally thin-bedded 

pink to buff-coloured volcaniclastic rocks are interlayered 

with dark grey wacke-pelite units (Figure 2.3b); the former 

has an unknown original relationship with the latter; i.e., 

they may have been conformable, unconformable, or originally 

quite separate and juxtaposed by faulting. To the west of 

Point Priapus (Locality 12), thinly-bedded leucocratic, 

tuffaceous rocks are separated from graded, north-topping, 

grey wacke to the south by a coarse grit unit that has 

chanelled into the grey wacke. 

Similarly, in a number of localities along the eastern 

margin of the greenstone belt (e.g., Locality 132), and in 

East Bay, rocks previously considered (e.g., Trowell 1981a) 

to be a sedimentary conglomerate (Figure 2.2b) are now 

assigned an origin as volcanic breccia. In the East Bay 

area, and in Beckington and Wellington Lakes, much of the 

quartzo-feldspathic, arenaceous rock is now considered to be 

felsic tuff, and for descriptive purposes is described under 

the heading 2.2.2.1. Similarly, in the Vanessa Lake region, 

rocks rich in monolithic, fine to medium grained, 

leucocratic clasts are now considered to be felsic volcanic 

breccia. In the area north and east of Vista Lake (e.g., 

Locality 84), grey quartzo-feldspathic, biotite-bearing 
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rocks are probably sedimentary in origin, but are 

interlayered with garnetiferous and hornblendic rocks that 

elsewhere are recognised as having a felsic volcanic 

protolith. 

The areal proportion of clastic metasedimentary rocks 

has previously been over-estimated, for example, some areas 

between Vista Lake and East Bay contain approximately 50% 

felsic volcanic rocks. 

2.2.4: Mafic intrusions 

Bodies up to several hundred metres thick and several 

kilometres long within both felsic and mafic volcanic rocks, 

were mapped by Trowell (1981a) who considered many to be 

intrusive. Field evidence to support this inference is hard 

to find because of the physical and compositional 

concordance of the bodies with adjacent units. Indeed, where 

these bodies are situated within a host of mafic volcanic 

rock, chilled contacts are difficult to find; alternatively, 

some of these mafic bodies may be massive coarse grained 

mafic flows (e.g.. Locality 178). Within mafic rocks, the 

bodies are apparently concordant; within felsic rocks they 

are commonly sub-concordant to markedly discordant. No 

grouping of mafic bodies has been noticed other than that 

they are especially common in the Six Mile Lake cycle 

(Robinson and Maclean 1991) and its northeasterly-trending 

continuation in the NE Arm of Sturgeon Lake. 
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Many of the bodies consist of medium to coarse-grained, 

massive to slightly foliated gabbro, leucogabbro, and 

diorite, some exhibit compositional gradation and layering, 

with plagioclase-rich tops (Locality 192). 

Within felsic volcanic rocks, gabbroic sheets are 

especially obvious, both in the field and geophysically, and 

are demonstrably intrusive. The intrusions include bodies 

several decimetres (e.g.. Localities 176, 196) to several 

hundred metres thick (Locality 190) that have been emplaced 

within the felsic volcanic pile as sub-concordant to 

strongly discordant bodies (Locality 216). Some of the mafic 

intrusions display chilled margins (e.g.. Locality 221), and 

bayonet structures at their terminations (e.g.. Localities 

176, 220). 

All the gabbroic bodies are slightly foliated to 

schistose at their margins, massive in their interiors; some 

are folded about steeply-plunging axes (Locality 221). 

Therefore gabbroic bodies cut volcanic rocks but are 

affected by the earliest deformation. It is assumed, rather 

than demonstrated, that they are syn-volcanic in origin. 

2.2.5: Magnetite and sulphide ironstone 

Finely laminated, sometimes highly magnetic rocks 

consisting of layers of quartz and magnetite, or layers of 

cherty quartz, pyrite and graphitic pelite, occur within 

both mafic volcanic and sedimentary rocks in the region 

(Figure 2.4a). The proportion of ironstone to other 
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supracrustal rocks within the study area is very small. 

Thicknesses of ironstone are locally of the order of 

decimetres to metres. Ironstones usually occur within a 

mafic volcanic, or pelitic host. Field observations have not 

indicated whether the sulphide or graphite is of primary 

origin. Notable examples of these ferruginous rocks occur in 

King Bay (Locality 90) and East Bay (Localities 501, 504, 

Figure 1.2). 

Many of these ferruginous rocks are highly tectonised, 

displaying strong cleavage, a multitude of crinkle and 

intersection lineations, and lensoid layering (e.g.. 

Locality 38). Some exposures exhibit tightly folded 

ironstone (e.g., south shore of King Bay, Localities 90, 

91), or consist of haphazard blocks of ferruginous cherty 

quartzite in a matrix of sulphidic, graphitic and pelitic 

material (e.g., small islands along north shore of East Bay, 

Localities 39, 501). 

Along the northern shores of, and on associated islands 

within.East Bay, rusty outcrops rich in sulphide, chert and 

pelite (e.g.. Locality 38) occur in a linear zone along the 

northern margin of the metasedimentary rocks where these are 

in contact with mafic volcanic rocks. The sulphide-rich 

rocks are traversed by north-trending quartz-sulphide veins 

that are well-known gold occurrences (Trowell 1981a, 1983). 

Along the south shore of King Bay (Robinson and Maclean 

1991), two gold occurrences (Localities 90, 91) are located 

on the east-trending trace of a quartz-magnetite ironstone 
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unit only a few decimetres thick (Figure 2.4a). Samples from 

a waste tip at Locality 90 included pyritiferous chert. 

A large outcrop southeast of Wellington Lake (Locality 

16) is situated on one of a number of marked aeromagnetic 

and VLF anomalies that run parallel with major lithological 

units (OGS 1990). Here, within schistose mafic volcanic 

rocks along the eastern edge of the greenstone belt, quartz-

magnetite ironstone is largely replaced by pyrite and 

chalcopyrite masses, in veins and in boudin necks. On the 

outcrop, ferruginous layers are concentrated into fold hinge 

zones, forming masses elongate along the main layering. 

Geophysical traces of strongly magnetic and conductive 

rocks are visible on recently published aeromagnetic and 

electromagnetic maps (OGS 1990). The traces coincide with 

outcrops of ironstone units; physical continuity of the 

magnetic rocks is inferred from the continuity of the 

geophysical signature. Examples of highly magnetic and 

conductive rocks also coincide with mapped contacts between 

mafic and felsic volcanic rocks; many of these are zones 

containing sulphide mineralisation (Trowell 1981a). 

Examples of ferruginous rocks from south and east of 

Vista Lake that form a strand within mixed felsic volcanic 

and sedimentary rocks, have been subject of recent mineral 

exploration; these were not included within the study area. 

2.2.6: Tonalite-granodiorite intrusive rocks 
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Surrounding the Sturgeon Lake greenstone belt is an 

unsubdivided mass of granitioid rocks, predominantly 

tonalite, granodiorite and granite. To the west of the belt, 

this rock mass is known as the Lewis Lake batholith (Breaks 

1980). To the east of the belt, unsubdivided granitoid rocks 

form the western edge of the central Wabigoon Subprovince, 

and consist of a mass of old plutonic and supracrustal rocks 

cut by younger granitoids (Thurston and Davis 1985; 

Blackburn et al. 1991). Limited study was made of the poorly 

accessible central Wabigoon Subprovince granitoid mass. 

Exposures of the the Lewis Lake batholith are relatively 

more accessible and are associated with known mineral 

deposits. 

2.2.6.1: Lewis Lake batholith 

In order to determine variation in composition and 

strain state in this batholith, a northeasterly-trending 

road traverse was made, starting from Fourbay Lake in the 

southwest and ending near the town of Savant' Lake in the 

northern part of the study area (Figure 1.1). This traverse 

runs from one marginal zone of the batholith to another. In 

addition, granitoid rocks in the neighbourhood of the 

abandoned St. Anthony Mine were investigated. 

Much of the Lewis Lake batholith consists of rocks 

whose composition, grain size and texture are both 

regionally and locally variable. The rocks are commonly 

coarse to medium grained, massive to foliated, locally 
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gneissic, and tonalite to granodiorite in composition. 

Gabbroic, dioritic (e.g., Locality 157) and granitic 

variants, net-veined mafic-felsic intrusions, granitic 

pegmatite, appinitic diorite (e.g., Locality 113) and 

aplite, are sporadic but their distribution is poorly 

constrained (Figure 2.5a-c). Within the Lewis Lake batholith 

many individual outcrops contain upwards of four separate 

intrusive phases (e.g., Locality 110), some contain finely 

disseminated sulphide (e.g.. Locality 112). The granitoid 

rocks show varying degrees of mineral alignment to form a 

foliation and lineation. These fabrics are especially well 

developed both near the contact of the granitoid rocks with 

the greenstone belt and, associated with mafic volcanic 

xenoliths (e.g.. Localities 99, 252). At, or near the 

contacts between the greenstone belt and the granitoid, the 

occurrence of fabrics with similar and corresponding 

geometry and intensity in both mafic volcanic and the 

granitoid rocks (e.g.. Locality 105) indicates that the 

latter were intruded at least by the time of the first phase 

of deformation (Figure 2.5d). In contrast, in the central 

part of the batholith, in tonalitic rocks exposed along 

Highway 599, foliation trends are variable and weak, even on 

an outcrop scale (e.g.. Locality 157). Many of these weak 

foliations may be artifacts of intrusive processes rather 

than the effects of a later, superimposed deformation. 

Within the Lewis Lake batholith, mafic rocks in the 

form of syn-plutonic intrusions and net-veined sheets, are 
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common. Foliated, syn-plutonic mafic sheets (Locality 151) 

and both undefbrmed and deformed net-veined sheets indicate 

the presence and interaction of both mafic and felsic magma 

during the later stages of the development and deformation 

of the Lewis Lake batholith (e.g.. Localities 108, 111, 

252). Net-veined intrusions contain breccia-like masses 

exhibiting both blocky and cuspate margins between mafic and 

felsic components. Therefore, two magmas were not only 

available for co-mingling and to a limited extent, 

hybridisation, but also, they brecciated each other. Net-

veined bodies (Figure 2.5a) may display ribbing lineations 

on the blocks, with a moderate easterly plunge (Localities 

111, 154). Some net-veined bodies are strongly deformed, yet 

lie within an undeformed tonalite host (e.g.. Locality 153). 

These relationships indicate that deformation occurred 

during net-vein formation and that slip was focussed along 

magma conduits during emplacement. 

Intrusion breccia also occurs in the batholith, 

consisting of either unrelated angular fragments or 

parautochthonous pieces of medium to coarse-grained host 

tonalite, intruded by fine to medium-grained mafic material. 

These breccias contain sulphide mineralisation in which the 

sulphide is found within biotite clots in the mafic matrix 

to the tonalite fragments (Locality 253). At this locality, 

hybridisation between mafic and felsic magmas is minimal, 

but the sulphide is developed at their mutual contact. 

Chalcopyrite mineralisation is also typically found in 

23 



24 

association with mafic inclusions in the tonalitic rocks 

(e.g., Locality 252). However, it is not clear whether the 

sulphide is older, or younger than the host granitoid. 

Some northerly-trending fractures and joint sets within 

tonalitic rocks are filled with hematite, slickensided with 

sub-horizontal quartz fibres (e.g., Locality 149) and 

mineralised with chalcopyrite (e.g.. Locality 152). 

2.2.6.2: Central Wabigoon Subprovince 

Grey, gneissic to foliated tonalitic rocks commonly 

containing patches of magnetite, veins of pink granite and 

migmatitic leucosomes, make up the granitoid rocks to the 

east of the greenstone belt. Mafic dykes cut the foliation 

in the host tonalite and are folded about north-trending 

axial traces. 

Close to the greenstone-granite contact (e.g., Locality 

15) granitoid rocks are strongly layered, feldspathic augen 

gneisses and migmatites whose foliation orientation is 

parallel with that developed in the highly deformed mafic 

rocks to the west, with which they are locally interlayered 

(Locality 81). Therefore, granitoid rocks along the eastern 

margin of the Sturgeon Lake greenstone belt exhibit a 

structural continuity with rocks in the belt. 

Further eastwards from the belt, foliation in the 

granitoid rocks becomes less intense, is not always parallel 

to the contact, and is chevron-folded on a decimetre scale. 

The folds (Figure 2.5d) have axial surfaces that parallel 
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the greenstone-granitoid contact (Locality 78); Prior to 

folding, the migmatitic layering may therefore have had a 

more easterly-trending orientation, at a high angle to the 

contact with the greenstone belt. 

The presence of structural fabrics with similar 

geometry in both tonalite and adjacent greenstone indicates 

that the tonalite mass was intruded at least prior to the 

first stage of deformation in the neighbouring greenstone 

belt. The presence of a migmatitic fabric that appears to 

pre-date the belt-parallel fabric could be used to infer 

that some of these felsic intrusions pre-date the greenstone 

supracrustal rocks, an inference supported by limited 

geochoronological data (Thurston and Davies 1985; D.W.Davis, 

geochronologist, Royal Ontario Museum, personal 

communication). 

2.2.7: Granodiorite-granite intrusive rocks 

Outcrops of a more evolved suite of granitoid rocks 

than those previously described, occur along the western 

side of the Sturgeon Lake greenstone belt at, or near to the 

contact of the Lewis Lake batholith with the belt. Granitic 

rocks of this suite occur at or near to the boundary with, 

mafic volcanic rocks along the eastern side of the North Arm 

of Sturgeon Lake (e.g.. Localities 104-115), in King Bay 

(e.g.. Localities 86, 87) and in Three Bay and Four Bay 

lakes (e.g.. Localities 308-310). Granitic rocks also occur 

as outcrops and small kilometre-scale areas of massive, 
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quartz- and feldspar-porphyritic intrusions within mafic 

volcanic rocks, or at contacts between mafic and felsic 

volcanic rocks in the Six Mile Lake area (Robinson and 

Maclean 1991). 

The granitic intrusions contain much potash feldspar 

and megacrysts of both quartz and potash feldspar in a finer 

grained matrix of quartz, potash and sodic feldspars, and 

biotite. They are locally distinguished from the older 

tonalite-granodiorite suite to the west by their relatively 

leucocratic composition, the occurrence of alkali feldspar 

in them, their megacryst content and poorly developed 

mineral foliation of muscovite, biotite and feldspar. 

Contacts with mafic volcanic rocks are commonly 

intrusive, or sheared (e.g.. Locality 520); contacts with 

the tonalitic portion of the Lewis Lake batholith are 

largely un-mapped. 

In the area around the St. Anthony Mine (e.g.. Locality 

104), rocks of the granitic suite are both massive and 

foliated. Foliation of muscovite and biotite is generally 

weak and oriented in a northerly direction, parallel to the 

western contact with the Sturgeon Lake greenstone belt. 

Vertically-dipping quartz veins containing a longitudinal 

muscovite parting are abundant at Locality 104 and trend 

northeast to north-northeast. 

South of the St. Anthony Mine (Locality 106), quartz-

porphyritic granitic rocks, containing disseminated pyrite, 

cut older, slightly foliated tonalitic to granodioritic 
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rocks. At this outcrop there is a unique example of a 

shallowly south-dipping spaced cleavage, consisting of 

sericite partings, developed over a small area. The cause of 

this rare cleavage in association with late-stage magmatic 

intrusions is equivocal but it may be a localised artifact 

of a period of vertical compression associated with forceful 

magmatism (e.g., Anderson 1951). 

The contact between rocks of the granitoid and 

tonalitic suite, and mafic volcanic rocks, is commonly 

sheared. Centimetre- to metre-scale shear zones, associated 

swarms of dark-coloured quartz veins, sporadic carbonate-

chlorite alteration are all typical of this contact, 

especially at Rainbow Island (Locality 518, Figure 1.2). 

There, gold and chalcopyrite are found within shear zones 

and quartz veins. 

2.2.7.1: Granitic pegmatites 

Granitic pegmatites are ubuiquitous within both 

tonalitic and granitic hosts, occurring as concordant to 

discordant veins and intrusions. Many are sub-horizontal to 

shallow-dipping, others dip north at angles up to 40° (e.g.. 

Localities 158, 160). Some pegmatites are deformed, 

exhibiting boudinaged or folded forms, others are 

rectilinear. These field relationships may be interpreted in 

one, or both of two ways: there was a protracted period of 

time of emplacement relative to deformation, some pegmatites 

27 



28 

escaped deformation because it was inhomogeneously 

developed. 

Most, if not all pegmatites have a strictly granitic 

composition but many pegmatites are compositionally zoned, 

with quartz-rich centres and pink-coloured, feldspathic 

margins. Some pegmatites contain muscovite, dark red garnet 

(e.g., Locality 251) and black tourmaline, others contain 

only biotite as the ferromagnesian mineral. Shallowly-

dipping, planar pegmatite sheets within the Lewis Lake 

batholith contain sulphide as disseminated specks (e.g., 

Locality 250), or as centimetre-scale balls of sulphide, 

probably pyrite, (e.g., Localities 156, 159). 

2.2.8: Syenitic intrusive rocks 

Rocks of syenitic composition (Trowell 1983), forming 

elongate masses between the greenstone belt and the 

tonalitic rocks of the central Wabigoon Subprovince, were 

not destined for re-investigation during the project. They 

are pink to red, foliated to massive, feldspathic, biotite 

and, or hornblende-bearing medium-grained intrusions. 

Commonly, grains of hornblende in the syenite matrix, and 

swarms of centimetre- to decimetre-sized mafic inclusions, 

display elongation in a northerly direction (e.g.. 

Localities 134, 248). 

2.2.11: Sturgeon Narrows alkalic intrusion 
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This intrusion, described in detail by Trowell (1983), 

was not studied but its effects on the surrounding rocks, 

and its internal structure were briefly investigated. The 

body is a slightly foliated, coarse-grained syenite. 

A northerly-trending, vertically-dipping, cataclastic 

shear zone containing specks of fluorite was noted on the 

extreme northeastern margin of the body on Coveney Island at 

Locality .46. 

Around the northern margin of this body, sedimentary 

rocks are affected by contact metamorphism, producing 

hornfels containing abundant randomly oriented chiastolite 

and andalusite in rocks of pelitic composition. 

Aluminosilicates grains are unaffected by deformation though 

they do grow preferentially within, rather than across, the 

cleavage. Porphyroblasts of white feldspar (albite?) occur 

within clastic metasedimentary rocks at Localities 50, 507, 

within several tens of metres of the contact with the 

intrusive body. 

2.2.12: Squaw Lake alkalic intrusion 

The oval, massive, coarse- to medium-grained alkalic 

syenite described by Trowell (1983) was not re-investigated 

during the project. However, its structural effects on 

adjacent rocks were investigated. The patterns of regionally 

developed foliation and mapped rock contacts are both 

distorted around the body, becoming circumferential to it at 

the contact. Very strong linear fabrics (L>>S tectonites) 

29 



30 

occur close to the southern contact with the intrusion, 

within pillowed mafic volcanic rocks (Locality 298). Similar 

fabrics occur along the northern contact, in felsic tuffs 

(Locality 301). Along the eastern margin, supracrustal rocks 

host to the alkalic intrusion are unlineated and barely 

foliated. These fabric patterns may be interpreted to be the 

result of forceful intrusion of the alkalic body at a time 

when regional deformation metamorphic recrystallisation were 

proceeding. 
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3: STRUCTURAL GEOLOGY 

3.1: INTRODUCTION 

Standard structural techniques, involving the 

measurement of mineral fabrics and strain recorded by the 

rocks, the facing direction, regional and local geometry of 

the stratigraphic units, were used during this project. The 

data collected are necessary to interpret the relative age 

and inter-relationships between the volcanic and sedimentary 

units. 

The azimuth of structural facing, representing the 

component of stratigraphic younging on cleavage, was 

measured wherever stratigraphic younging directions could be 

determined. Consistency of structural facing directions are 

an indicator of structural complexity. On the south shore of 

East Bay, for example, distances over which structural 

facing may change varies from metres to hectometres. 

Planar and linear structural features have variable 

geometry and intensity within the greenstone belt. The 

region was therefore subdivided to produce regions 

exhibiting relative structural homogeneity. A basis of 

outlining regions of structural homogeneity was determined 

empirically from regional variability of structural data on 

maps and from clustering of numerical data on stereograms. 

Sub-areas therefore show much less variation in the 

attitudes of structural features than the region as a whole. 

Five sub-areas have been recognised (Figure 3.1; Table 1): 

A: Beckington, B: East Bay, C: Sturgeon NE Arm, D: Vanessa-
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Vista, E: North Arm and Lewis Lake. Uncontoured structural 

data are depicted on equal-area stereograms such as that 

depicted on Figure 3.2. Numerical and stratistical data 

found on each stereogram are briefly explained on Figure 

3.2. Justification and demonstration of the advantages of 

the division into sub-areas is treated in Section 3.4 of 

this report, after description of general structural 

features. 

3.2: STRATIGRAPHIC FACING 

Younging directions recorded from both volcanic and 

sedimentary rocks in the Sturgeon Lake greenstone belt are 

depicted in Map 3. Most mafic and felsic volcanic rocks 

along the western edge of the greenstone belt and within the 

Northeast Arm of Sturgeon Lake display a number of top 

indicators showing a southeast to easterly stratigraphic 

facing (Figure 3.3; Map 3). These rocks are therefore 

homoclinal and steeply tilted; they are unfolded on a large 

scale. 

In the Six Mile Lake area mapped by Robinson and 

Maclean (1991, 1992) abundant evidence of southward younging 

of rocks has been determined from remarkably well-preserved 

volcanic rocks. 

Rocks on the eastern side of the belt show little, or 

conflicting, evidence of facing at an outcrop scale. 

Stratigraphic thicknesses and depositional character of the 
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volcanic rocks on the western side of the Sturgeon Lake belt 

cannot be correlated with those on the eastern side. 

Zones of complex stratigraphic facing coincide with 

observed metre-scale folds, especially within tuffaceous and 

sedimentary rocks in the East Bay region. Along the northern 

margin of East Bay, sedimentary rocks commonly young to the 

south and structurally face east; conversely, rocks along 

the south shore of East Bay, predominantly young to the 

north and structurally face west. Exceptions to this 

generalisation are noted, for example at Locality 55, where 

bedding tops both to the south and north within a few 

metres, although no folds are seen. 

Along the eastern margin of the Sturgeon Lake 

greenstone belt, younging determinations from meta-volcanic 

and meta-sedimentary rocks are rare and indicate westward 

facing (e.g.. Localities 18, 265). Some outcrops of 

metasedimentary, metavolcanic rocks and bordering foliated 

tonalite indicate that bedding has been transposed from an 

easterly orientation into a northerly one by steeply 

plunging folds whose axial traces parallel the margins of 

the belt (e.g.. Locality 84, Figure 2.5d). 

The change in direction of stratigraphic younging 

across the belt should not be used as evidence of a major 

fold within the belt until such time as it can be 

established that the stratigraphic units are part of one 

regionally folded sequence. Mapping and geochronological 

data from other greenstone belts suggests that no such 
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correlation of units from one side of the belt to the other 

should be expected (cf. Williams et al. 1992). 

3.2.1: Correlation and geochronology 

In keeping with field observations of southerly to 

easterly directed stratigraphic younging, the oldest rocks, 

Fourbay cycle (Robinson and Maclean 1991), dated at 2775±1 

Ma (Davis et al. 1988), are in the northwestern part of the 

belt. These are apparently stratigraphically overlain by the 

Six Mile Lake cycle (Robinson and Maclean 1991), that are 

geologically and geophysically continuous with the Handy 

Lake volcanics in the northern part of the Sturgeon Lake 

greenstone belt, and which have been dated further north 

still, in the Savant Lake belt at 2745±2 Ma (Davis and 

Trowell 1982). No evidence was found of the Fourbay cycle 

along the western edge of the Sturgeon Lake greenstone belt 

in the study area; it is apparently restricted to the Six 

Mile Lake area (Robinson and Maclean 1991). The relatively 

thin, highly deformed and metamorphosed volcanic rocks on 

the eastern side of the greenstone belt can not be 

correlated with any further south. However, they may 

correlate with others to the north, perhaps the Jutten 

(Trowell 1986, 1988; Sanborn-Barrie 1992). 

3.3: STRUCTURAL CHRONOLOGY 

Appreciation of the stratigraphic complexity of the 

Sturgeon Lake greenstone belt is not possible without a 
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study of the structural geology and the relative timing and 

geometrical significance of structural events. Much of the 

complexity came into focus once geochronological 

determinations were made in the region. A further 

clarification of the stratigraphic relationships was 

dependent not only on assessment of belt-scale stratigraphic 

facing but also on the relationships between volcanic and 

sedimentary rocks. 

3.3.1: Introduction 

A field-based structural chronology has recognised two 

stages of folding and a number of ductile shear zones and 

faults. The relative chronology has been determined using 

overprinting relationships, mineralogy, style and geometry 

of folds and associated fabrics. 

A first stage of deformation involved the formation of 

a regionally pervasive planar mineral foliation on which is 

commonly developed a mineral, intersection or stretching 

lineation that is steeply plunging. These fabrics are 

developed in both supracrustal rocks and within the 

enclosing tonalitic rocks. Locally, these fabrics are cut or 

deformed by a second mineral foliation, associated with 

northeasterly-trending minor folds. Shear zones of several 

orientations and scales probably post-date these two earlier 

deformation features. Structural sub-areas have been 

delineated; these are A: Beckington, B: East Bay, C: 
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Sturgeon NE Arm, D: Vanessa-Vista, E: North Arm and Lewis 

Lake. 

Much of the area (e.g.. Sub-areas A and C) displays a 

weakly to strongly developed planar fabric Si that is sub-

parallel to and overprints the original stratification and 

primary features of both volcanic and sedimentary rocks 

(Figures 3.4 and 3.5). Si is strongly developed along the 

highly strained eastern margin of the greenstone belt in 

sub-areas A and D (Figures 3.7, 3.10); in Sub-area E, Si 

fabric is highly variable, or weak and therefore difficult 

to discern with confidence. 

Si is sporadically overprinted by a northeasterly-

trending planar mineral foliation, S 2 / in sub-areas A, B C 

and D. S2 is a variably developed northeast to east-

northeast-trending planar schistosity (Figure 3.6a) that 

parallels the axial surfaces of centimetre- to metre-scale 

folds affecting both original stratification and S\. Only 

rarely is S2 developed in sub-areas A and D, perhaps because 

these rocks are granular and coarse grained and are less 

anisotropic than their finer and more schistose counterparts 

in other sub-areas. 

A small number of southeasterly-trending, steeply-

plunging minor folds with Z - style asymmetry occur in the 

eastern part of the study area only, close to the 

greenstone-granite contact (Localities 132, 277). The 

temporal relationship between these folds and those of the 

second stage of deformation is not constrained because 
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overprinting relations have not been seen. These folds may-

have formed in an environment where late Neoarchean, near 

layer-parallel stresses developed in the greenstone belt, 

thereby attempting to shorten it in a longitudinal direction 

(Williams et al. 1992). 

Regionally persistent zones in which a strong 

schistosity and lineation are developed typically occur at 

the contacts between mafic and felsic volcanic units (e.g.. 

Locality 148, Figure 3.7). These elongate zones of intense 

schistosity are up to several tens of kilometres long and 

several tens of metres wide. In them, primary textures and 

older structural fabrics are virtually, or completely 

superceded by new fabrics and mineral compositions. These 

zones are therefore interpreted to be shear zones coincident 

with zones of alteration and veining rich in muscovite, 

carbonate and chlorite. Alteration may have played a role in 

siting the shear zone. 

Small-scale shear zones, less than 5 m wide, may be 

lithologically controlled by thin micaceous units in mafic 

or felsic volcanic rocks, or they may be discordant to 

lithological layering, or they may occur in association with 

the contacts of granitic bodies with mafic volcanic rocks 

(Figure 3.8). 

Late stage flat-lying cleavage, sub-horizontal quartz 

veins and shallow-dipping pegmatite sheets occur within the 

northwestern part of the study area but are not common. 

Similarly, vertical exposures in road and railway cuttings 
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exhibit rare occurrences of shallow-plunging, kink-like 

folds (e.g., Locality 67), which are spatially associated 

with shallow plunging crinkle lineations in mafic and 

pelitic schists (Figure 3.8). 

3.3.2: Features associated with first stage of deformation 

Early, or first stage deformation features are dealt 

with by rock type in order to demonstrate the contrasts 

exhibited by materials of different composition or grain 

size. 

3.3.2.1: Mafic volcanic rocks 

Mafic volcanic rocks are commonly massive but often 

contain open or calcite-filled joints spaced at a decimetre 

to metre scale. The joints are folded about steeply-plunging 

axes and cross-cut by the dominant, Si foliation (e.g., 

Locality 61); the joints are therefore early-formed 

structures. Some joints are filled with straight, or folded 

cross-fibre quartz, or by quartz crack-seal veins (e.g., 

Locality 61), depicted in Figure 4.1a. Mafic volcanic rocks 

display an inhomogeneous response to this first stage of 

deformation as determined using strain gauge markers such as 

pillows, feldspar grains, veins, or fragments. Many pillowed 

mafic rocks exhibit little evidence of strain on horizontal 

outcrop surfaces, mainly because the principal extension 

direction is sub-vertical, parallel to the steeply-plunging 
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mineral and stretching lineation (Figure 3.5c). The highly 

conservative estimate of strain determined from horizontal 

exposures belies the true deformation enjoyed by these 

rocks. Estimates of maximum elongation in volcanic rocks can 

best be made in the rare road or rail cuttings and on steep 

lakeshore exposures. Extensions in the vertical dimension, 

paralleling the lineation, commonly reach 500% (e.g., 

Locality 127). The degree of strain in the thin schistose 

units within mafic volcanic rocks is generally 

indeterminate, but is considerable, judging from the 

presence of isoclinally folded and boudinaged quartz veins. 

Schistose mafic rocks commonly display a steeply-plunging 

mineral and, or stretching lineation, on which is developed 

a variably plunging coarse to fine crinkle lineation (Figure 

3.5c). 

3.3.2.2: Felsic volcanic rocks 

Felsic volcanic rocks, like their mafic counterparts, 

commonly exhibit a schistosity nearly parallel with original 

stratification. Where bedding and schistosity are not 

parallel, folds, with axial surfaces parallel to the 

schistosity are rare (e.g., Locality 513). Clasts in tuff 

breccia are elongate in the schistosity and are lineated 

parallel with the ubiquitous, steeply-plunging mineral 

lineation. Boudinage of coarse-grained layers and granitoid 

sheets within fine- to medium-grained felsic volcanic rocks 

is commonplace close to the eastern border of the greenstone 
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belt (Figure 3.5d). Felsic volcanic rocks characteristically 

develop a spaced cleavage consisting of zones enriched in 

micas such as chlorite and muscovite (Figure 3.5a). 

Alteration veins, clasts, layering and individual minerals 

have been used to determine strain within these rocks, which 

is inhomogeneously distributed. The least strained rocks 

appear to be those exhibiting the least amount of alteration 

to carbonate and muscovite. 

Well-preserved lapilli-tuff and tuff commonly contain a 

diamond-fracture pattern that reflects the development of 

two sub-parallel, slightly sinuous, planar fabrics marked by 

concentration of micas, wrapping around both large and small 

clasts. These fabrics may be prototypes of a pervasive 

single Si fabric such as shown in Figure 3.5a for they do 

not occur when a strong fabric is present in the rock. 

3.3.2.3: Sedimentary rocks 

Folds, and associated planar and linear fabrics, the 

result of the first stage of deformation, form an arc around 

the northern part of the Sturgeon Narrows alkalic intrusion 

(Map 2). 

Evidence of bedding-plane slip, or of shearing along 

surfaces that nearly parallel bedding was determined from 

the presence of subtle angular discordances between, and 

repetitions of, beds. The very shallow angular discordances 

are recognised by excision of beds. Examples of these 

discordances are most obvious in East Bay at localities 3, 
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4, 5, and 11, where graded and ungraded wacke-pelite is cut 

by discordances of generally less than 10°. The surface 

trace of the discordances is variable from one rock type to 

another. In pelitic units the discordance is hard to discern 

and is probably parallel with bedding; in wacke units, 

discordances are readily observable, cutting across bedding 

at an angle of up to 20°. In pelitic rocks the trace of the 

angular discordances are often parallel to cleavage; 

elsewhere the cleavage cuts and therefore post-dates the 

discordances. The presence of beds repeated as a result of 

motion along these discordances (Locality 5) may be evidence 

that these structures were produced during a deformation 

that induced layer-parallel shortening (Figure 3.4a,b). 

A structural effect of these angular discordances of 

bedding is the formation of a small difference in bedding 

orientation on either side of the discordance. If the trace 

of the cleavage bisects the small angle between bedding on 

either side of the angular discordance, then local changes 

in structural facing are induced, without the need for 

folding (Figure 3.4a). Under conditions when cleavage and 

bedding are sub-parallel, the use of structural facing data 

to indicate the presence of two stages of folding, such as 

at Savant Lake (Sanborn-Barrie 1992), requires that 

corresponding changes in stratigraphic facing are also 

determined (cf. Devaney and Williams 1989). 

Spatially associated with bedding-parallel discordances 

in bedded sedimentary rocks are pre- to syn-cleavage stratal 
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disruption and folding, such as at locality 12 (Figure 

3.4d). Evidence of disruption is recognised as lozenges of 

relatively competent arenaceous units now lying within a 

contorted pelitic matrix. The occurrence of folded, thinned 

and disrupted beds of wacke, subsequently folded and 

preserved in the hinge zones of folds, indicates that 

disruption of the bedded sedimentary rocks took place prior 

to folding. It is notable that disrupted beds, which 

commonly are a metre to several metres thick, are sandwiched 

between completely coherent beds. Axial surfaces of west-

facing decimetre- to metre-scale folds are parallel to the 

cleavage (Figure 3.4d). It is therefore reasonable to 

propose that the folds and associated regionally developed 

cleavage were contemporaneous with, or post-dated the 

production of the discordances. Similar examples of close, 

vertical, south-facing folds, with axial surfaces 

paralleling the regional cleavage occur on the shores of an 

un-named lake to the east of East Bay (Localities 47, 48; 

Figure 3.5b). The stratal disruption and production of 

lozenges of wacke within pelite may be the result of soft-

sediment deformation, for they predate formation of a 

cleavage in the pelitic rocks. 

Extensional shear zones that pre-date the cleavage in 

the East Bay region cut alternating wacke-pelite units at 

locality 48. There, faults recognised as zones of complete 

stratal disruption about 10 cm across and several metres 

long, cut across bedding at about 20-40°, and displace it 

4 2 



43 

(Figure 3.4c). Matching of units on either side of the 

disruption zone, and drag fold curvature of the beds as the 

zone is approached, both indicate that the zone was formed 

as a result of local extension. Although evidence is 

equivocal, the cleavage developed in these rocks cuts across 

the zone of disruption. 

3.3.3: Features associated with second stage of deformation 

The second stage of deformation is recognised by a set 

of northeasterly-trending vertical to reclined open to close 

folds and an associated axial planar cleavage S 2 . Where no 

evidence of folding is present, the cleavage may be subtle 

and spatially associated with brown carbonate veins. The 

distribution of this second stage of deformation is within a 

quadrant of the study area generally north of East Bay and 

to the east of the North Arm of Sturgeon Lake (Figure 1.1). 

Orientation of second stage fold axes is largely 

dependant on the orientation of the dominant foliation that 

is being folded. Steeply-plunging folds are recorded from 

outcrops where layering is vertical or steeply dipping; 

moderately-plunging folds develop in less steeply-dipping 

strata. 

3.3.3.1: Mafic rocks 

Second stage folds are rarely developed in mafic 

volcanic rocks, perhaps because the planar anisotropy is not 

well developed. Along the railway cuttings in the northern 
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part of the study area, close, reclined second stage folds 

plunge to the east-northeast at moderate to steep angles 

(e.g., 057°/57°). The mineral lineation that pervades most 

mafic rocks is commonly close in orientation to the axis of 

the second stage folds. The geometrical effect of these 

second stage folds on the earlier mineral and stretching 

lineation is therefore minimal. On horizontal outcrop 

surfaces, the second stage of deformation is manifest as cm-

wide northeasterly-trending shear zones which separate 

blocks of relatively less deformed rock, and cut the older, 

regionally developed schistosity Si (e.g.. Locality 125). 

Where the second stage fabric S2 is particularly strong, 

extension fractures form orthogonal to it in the more 

competent units (e.g.. Locality 564). 

3.3.3.2: Felsic volcanic and sedimentary rocks 

Layering is well developed in many of these rocks, so 

folds and associated axial planar fabrics (e.g.. Locality 

541, Figure 3.6a,b) are more readily formed during second 

stage deformation. Folds at Locality 18 are steeply-plunging 

northeasterly-trending metre-scale open to close structures, 

containing srcuate lensoid quartz veins (saddle reefs) in 

their hinge zones. 

At many outcrops, second stage folds are not present 

but a weakly to moderately developed spaced cleavage S2 cuts 

across the dominant Si schistosity (e.g.. Locality 163). S2 

cleavage is represented by a millimetre to centimetre-spaced 
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planar enrichment of micas and may be composed of chlorite, 

biotite or muscovite, depending on the host rock type. 

Within quartz veins that parallel northeasterly trending 

fold axial surfaces (Locality 35), hornblende grains are 

aligned parallel to minor fold axes. 

At the northern end of the NE Arm of Sturgeon Lake 

(Locality 173), small-scale lithological layering is 

dextrally displaced across the S2 spaced cleavage. This is 

evidence that after its formation sub-parallel to the axial 

surfaces of minor folds, S2 became an active slip surface. 

This observation is in accord with data from the Savant Lake 

region to the north of the study area which suggests that 

the second stage of deformation there involved significant 

dextral slip along newly-formed S2 fabric (Sanborn-Barrie 

1992) . 

Throughout the region, second phase folds are 

overprinted by a metamorphic grain growth under static 

conditions. For example, at Locality 71, variably oriented 

but generally northeasterly-trending second phase folds are 

overgrown by decussate amphibole. 

Second stage folds and S2 axial surface fabrics are, at 

a number of outcrops, spatially associated with iron-rich 

carbonate veining and wholesale rock replacement by dark 

brown carbonate (e.g.. Localities 209, 546; Figure 4.2d). 

Carbonate veins commonly sub-parallel the S2 fabric. 

Insufficient evidence was available to demonstrate a causal 
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relationship between the second stage folds and carbonate 

alteration. 

3.4: COMPARISON OF SUB-AREAS 

Over much of the study area, a major mineral foliation 

fabric, herein called Si, is developed in comparatively 

weakly deformed rocks and trends generally northwards and is 

steeply dipping. In the southern part of the area, this 

planar fabric curves around, trending to the northeast and 

east. Most of the structural sub-areas differ from each 

other only in the local orientations of the dominant 

foliation Si, and lineation. These are controlled to a large 

degree by the proximity to and orientation of the contact 

with the tonalite-granodiorite masses that border the 

greenstone belt. An exception to this generalisation is sub-

area B (East Bay), where generally arcuate, east-trending 

fabrics occur in all rock types, but especially in a complex 

zone of clastic metasedimentary and felsic metavolcanic 

rocks occurring between two major mafic metavolcanic units. 

Contoured equal-area, lower-hemisphere stereographic 

projections using the method of Robin and Jowett (1986) and 

the computing program *Spheristat', are depicted in Figures 

3.7 - 3.11. 

3.4.1: Sub-area A - Beckington 

Sub-area A (Figure 3.1) contains data (Figure 3.7) 

from rocks in the northeastern part of the study area. 
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northeast of Sturgeon Lake and as far south as Vanessa Lake. 

Rocks in this sub-area are commonly highly strained, contain 

amphibolite facies mineral assemblages and have a dominant 

planar fabric oriented south-southeast (e.g.. Locality 238). 

Competent units in these rocks are commonly boudinaged; 

boudin axes plunge steeply down dip, or to north or south, 

paralleling the well-developed mineral and stretching 

lineation. 

Bedding orientations for this sub-area define a girdle 

(computed best-fit great circle) with a pole (equivalent to 

a computed fold axis) that plunges to the NNW at 67°. 

The dominant foliation Si is distributed about a poorly 

defined girdle whose normal is oriented NNW at 16°; the 

significance of this distribution is attributed to minor 

warping of the foliation about a shallowly-plunging NNW-

trending axis as a result of the bordering granitoids. 

Mineral and stretching lineations for this sub-area 

plot with a bimodal distribution related to the variation in 

Si foliation dip orientations. Allowance for this foliation 

dip variation indicates that most of the lineations pitch 

down the dip of the foliation plane on which they are 

developed and all plunge greater than 60°. 

Sub-area A has a significant number of second stage 

folds developed in mafic units (e.g.. Localities 28, 269). 

These have not been recorded from mafic rocks in other sub-

areas . The folds plunge to the northeast and southwest at 

moderate to steep angles and are associated with a poorly 
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developed northeasterly-trending (050°), steeply southeast-

dipping axial planar fabric, S 2 . 

A small number of southeast-trending, steeply 

southeast-plunging Z - style asymmetric folds occurs only in 

this sub-area. They are not seen in association with second 

stage structures, so are presumed simply to post-date the 

main fabric-forming deformation. The folds are found in 

association with counter-clockwise-rotated boudinage of 

relatively competent units. This asymmetry might indicate a 

dextral and east side up component of shear after the 

development of the main foliation but could also be 

explained to be the result of near-layer-parallel shortening 

along the greenstone belt. 

3.4.2: Sub-area B - East Bay 

Sub-area B (Figure 3.1) would be worthy of further sub

division if data were sufficient, for it is perhaps the most 

variable and complex. The sub-area is dominated by an 

arcuate, generally easterly-trending, axial zone of both 

metasedimentary and felsic volcaniclastic rocks, flanked to 

north and south by mafic volcanic rocks. Data from this sub-

area are plotted on Figure 3.8. 

Numerous bedding measurements in this sub-area indicate 

a broad easterly-trending, steeply-dipping, unimodal 

orientation. 

The dominant, first cleavage or schistosity, S\, in the 

sub-area also plots as a broad, arcuate, east-northeasterly-
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trending swathe of steeply-dipping to vertical surfaces. The 

dispersion of data is largely controlled by the arcuate form 

of the northern contact of the Sturgeon Narrows intrusion. 

Stretching, mineral, intersection and fine crinkle 

lineations on Si fabrics are dominantly steeply-plunging and 

form a unimodal distribution around the vertical. 

Fabrics associated with the second stage of folding are 

a discordant cleavage S2 that cross-cuts Si, and axial 

surfaces to second stage folds. The few measurements of S2 

indicate that it cuts the earlier Si cleavage at a 

counterclockwise angle, but insufficient data are available 

for a more precise statement about the second fabric in this 

sub-area. 

3.4.3: Sub-area C - Sturgeon Northeast Arm 

This sub-area (Figure 3.1) contains data from well-

exposed rocks within the island-lake archipelago region 

known as the Northeast Arm of Sturgeon Lake. This sub-area 

is the most structurally homogeneous. 

Bedding orientations in all rock types form a unimodal 

distribution trending northeast with very high southeasterly 

dips. 

The dominant, northeasterly-trending (033°), near 

vertically-dipping schistosity. Si, is found within all rock 

types but is variably developed. For example, mafic volcanic 

rocks are variably schistose and massive and pillowed types 

display elongation of primary structures parallel to the 
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regional schistosity. However, at Locality 142, lithological 

contacts between massive and pillowed units are discordant 

to both pillow elongation and the dominant schistosity. 

These three fabrics are then cut by a chloritic planar, non-

penetrative, S2 fabric. These complex relationships are 

probably the result of progressive deformation on highly 

inhomogeneous rocks. Felsic volcanic rocks occupying much of 

the central section of this sub-area are commonly highly 

schistose where close to a contact with mafic rocks; 

elsewhere, they are well-preserved and only slightly 

schistose. 

On the near-vertical Si schistosity, a mineral, 

stretching and intersection lineation plunges vertically or 

sub-vertically. 

Axial surfaces of second stage folds and accompanying 

S2 schistosity are commonly developed in the northern part 

of the sub-area. They form a unimodal distribution that 

trends northeast (048°) and is steeply dipping to the 

southeast. The mean difference in orientation between S2 and 

Si is about 15° clockwise. Second stage folds are variably 

oriented, having a mean distribution of 063°/80°. 

3.4.4: Sub-area D - Vanessa-Vista 

This sub-area (Figure 3.1) contains data from rocks 

within the southeastern part of the study area ranging from 

as far north as sub-area A at Vanessa Lake and adjoining the 

East Bay sub-area A. Many of the rocks in this sub-area are 
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highly deformed, especially along the margin of the 

greenstone belt. 

Bedding orientations form a girdle whose pole plunges 

moderately to the north-northeast (024°/54°). 

The dominant schistosity, Si, forms a unimodal 

distribution that trends northeasterly (034°) with a steep 

to vertical dip. 

Mineral, stretching and intersection lineations form a 

unimodal distribution that plunges due west at 72°. 

Orientations of minor folds are variably distributed, 

reflecting the variable orientation of the dominant 

schistosity within the sub-area. 

The subordinate, S2/ planar fabric associated with the 

second stage folds and the axial surfaces of those folds 

trend northeasterly and are steeply dipping. 

3.4.5: Sub-area E - North Arm and Lewis Lake 

This sub-area (Figure 3.1) contains data from rocks in 

the northern part of the Six Mile Lake region, the North Arm 

of Sturgeon Lake and from the traverse across the Lewis Lake 

batholith. It includes Rainbow Island, King Bay and the St. 

Anthony Mine. Insufficient bedding orientations have been 

recorded to plot. The dominant foliation, S\, and the 

lineation that decorates it are the only structural data 

available. 

The dominant foliation, Si, trends slightly to the 

south of east and is sub-vertical in dip. 
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The mineral and stretching lineation in this sub-area 

form a unimodal distribution that plunges to the east at a 

steep angle (093°/85°) / pitching down dip of the dominant 

foliation. 

3.5: SHEAR ZONES 

In this report shear zones are distinguished into those 

that have formed along major lithological boundaries between 

supracrustal rocks, and those that separate supracrustal 

from intrusive rocks. This is done to separate two distinct 

types of shear zone, whose histories and geometry differ. In 

order to demonstrate their characteristics, geological and 

explorational significance, examples of shear zones are 

described below. 

3.5.1: At contacts between mafic and felsic volcanic rocks 

Contacts between major compositional units of mafic and 

felsic volcanic rocks are typically highly schistose, 

especially in the NE Arm of Sturgeon Lake. For example, at 

Locality 148, schistose equivalents of both mafic and felsic 

volcanic rocks are found in sheared contact. Similarly, 

along the western side of Sturgeon Narrows (Locality 53), 

and further southwest, in the Six Mile Lake region (Robinson 

and Maclean 1991), muscovitic and chloritic schistose rocks 

mark the contact between mafic rocks to the northwest with 

felsic rocks to the southeast. Locally, the shear zone along 
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the contact between mafic and felsic volcanic rocks in the 

northern part of Sturgeon Narrows contains northeasterly-

trending, steeply-dipping, highly schistose rocks with a 

strongly developed down-dip mineral and stretching lineation 

(Locality 53). The schistose fabric is cut by NW-dipping 

extensional crenulation surfaces and by a northerly-dipping 

set of cross-fibre quartz veins. The crenulation fabric 

indicates that the sense of shear on the zone is northwest 

side up (Figure 3.12b). Similar relationships are visible at 

Localities 129 and 226. 

Along the western side of the Northeast Arm, along the 

same major contact between mafic and felsic volcanic rocks 

as just described, is a zone of strong schistosity that 

corresponds with a linear waterway separating two large 

islands. Examples of shearing, multiple fabric formation and 

cross-cutting relationships are readily observed at Locality 

148. A combination of data, involving intersecting planar 

fabrics, minor folds and lineations, indicates that the 

sense of shear across the deformed rocks is sinistral. 

In the northern part of Sturgeon Narrows, at the 

entrance to East Bay, local patterns of the dominant 

foliation (Si) indicate a counter-clockwise rotation and 

enhancement of this fabric as the northeasterly-trending 

linear feature represented by Sturgeon Narrows is approached 

(e.g.. Locality 94). This geometry is consistent with a 

sinistral sense of shear along Sturgeon Narrows. 
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One of a series of outcrops at the King Bay showing 

(Locality 311) exhibits an east-northeasterly-trending shear 

zone located at the contact between mafic volcanic and 

probable felsic volcanic rocks (Robinson and Maclean 1991). 

The shear zone is marked by a strong schistosity that trends 

sub-parallel to the east-northeasterly-trending lithological 

layering. The schistosity is cut by a series of cm- to dm-

spaced northeasterly-trending surfaces that crenulate it 

(Figure 3.12a). This relationship and the counterclockwise 

rotation of lithological layering into the schistose zone 

may be interpreted as evidence of sinistral shear across the 

shear zone. 

The major shear zones associated with northerly to 

east-northeasterly-trending lithological contacts between 

major mafic and felsic volcanic units display both 

northwest-side-up and sinistral senses of shear. 

Overprinting of steeply-plunging mineral lineations by fine 

crinkle lineation may indicate that the dip-slip component 

pre-dates the sinistral component. The sinistral sense of 

motion might in part be a result of regional, passive 

clockwise motion of steeply-dipping supracrustal panels 

under the influence of a maximum principal stress from the 

SSE. 

3.5.2: At granitoid/supracrustal contacts and within 

granitoid rocks 
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Outcrop- to dekametre-scale zones of strong schistosity 

are commonly associated with the contacts between mafic 

volcanic rocks and granitoids on the western side of the 

Sturgeon Lake greenstone belt. These zones are interpreted 

to be shear zones on the basis of fabric geometry, 

mineralogy and structural overprinting relationships. They 

may post-date other shear zones in the region, but this is 

still equivocal. Intersections between these shear zones and 

the regional-scale shear zones that parallel major 

lithological units are water covered, thereby obscuring 

their relationships. 

A small island near the intersection of Sturgeon 

Narrows and North Arm, contains a number of outcrops (e.g., 

Localities 63, 516) in which the relationships between 

undeformed granitoid rocks and schistose equivalents may be 

studied. At the south end of the island, within Sturgeon 

Narrows, pink and green, highly schistose rocks, mapped by 

Trowell (1981a) as felsic volcanic rocks may be traced 

through a zone of transition into undeformed, but highly 

fractured and reddened granitoid rocks. Many outcrops 

elsewhere on the same island consist of undeformed granitoid 

rock, except on the western edge (e.g.. Locality 516), where 

a 2 m wide brittle-ducile shear zone, cuts the granitoid. In 

this zone, intersecting fabric relationships, minor 

asymmetric folds and lineation orientations indicate a 

sinistral sense of shear. Rocks within the sheared zone are 

quartz-muscovite schists (Figure 3.13b). 
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Schistose leucocratic rocks occur sporadically along 

the southern shore of King Bay (Locality 87). Field 

relationships with closely adjacent quartz- and feldspar-

porphyritic granites suggest that the quartz-muscovite 

schists are derived from them. The trend of the steeply-

dipping sheared rocks is east-southeast, parallel to the 

dominant foliation within mafic rocks in this region and to 

the dextrally faulted regional-scale contact between 

granitoid and greenstone 4 km to the north (Trowell 1981a; 

Robinson and Maclean 1991). The lack of observed 

intersections between these sheared granitoids and other 

shear zones in the area mean that time relationships between 

them are still equivocal. 

The contact between mafic volcanic and granitoid rocks 

near Shore's Bay in the North Arm of Sturgeon Lake (Locality 

99), is also sheared. Mafic rocks at the contact are highly 

schistose whereas granitoid rocks are less affected. 

Analysis of the intersecting planar, and linear fabrics 

within the sheared rocks indicates an oblique dextral, 

north-side-up sense of shear. This sense is consistent with 

kinematic determinations further west along the shear zone 

that separates the Fourbay cycle from the Lewis Lake 

batholith (Robinson and Maclean 1991). The two shear zones 

are probably one and the same. 

Rainbow Island (Locality 518), in the southern part of 

North Arm, displays a east-southeastly-trending contact 

between mafic volcanic rocks and granitoid rocks of the 
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Lewis Lake batholith. The contact consists of both simple 

chilled contact of tonalite against mafic rock, and an 

intrusion breccia of mafic blocks in a tonalitic matrix 

containing rusty sulphidic pods. The contact zone is also 

locus of shearing along an east-southeasterly trend and 

formation of shear-parallel dark blue-grey quartz veins 

(Figure 4.3a). The shear dips at 70° to the southwest; the 

dominant lineation on the shear surface is moderately south-

southeast-plunging. A late stage sub-horizontal 

slickensiding is developed on polished surfaces paralleling 

the main shear. The shear foliation is crenulated and 

rotated by a series of extensional foliations that are 

oriented clockwise of the main shear surface. The 

extensional crenulation fabric is filled with quartz and 

chalcopyrite (Figure 4.4c). Analysis of the lineations and 

intersecting foliations indicates an oblique, dextral, 

southwest-side-up sense of shear. This shear zone is 

parallel with, along strike from, and exhibits the same 

kinematics as the shears described from Shore's Bay 

(Locality 99) and from the sheared northern contact 

(Localities 257, 308-310) of the Fourbay cycle (Robinson and 

Maclean 1991), at Threebay and Fourbay lakes. 

3.6: KINK BANDS 

Kink bands are widely distributed in the study area but 

occur mainly within highly anisotropic rocks such as slate, 
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phyllite and schist. Kink bands are spatially associated 

with highly schistose, deformed mafic and felsic volcanic 

rocks such as those developed at the mafic-felsic contact 

along Sturgeon Narrows and into the NE Arm. Kink bands also 

occur in slate in East Bay. Accessible examples of kink 

bands in Sub-area C (Figure 3.9), in the NE Arm of Sturgeon 

Lake occur at Localities 63, 512, where both dextral and 

sinistral kink bands are developed in felsic schists. Kink 

bands are also associated with the zones of brittle-ductile 

shear that develop sub-parallel with the foliation in the 

area immediately northeast of Vista Lake (Sub-area D, 

Locality 117). In these sheared zones, decollement and 

pseudotachylite post-date kink bands. 

Without exception, kink bands have axial traces at a 

high angle, (65°-90°), to the planar fabric they deform. 

Conjugate pairs of kinks are rare. Many outcrops have either 

sinistral or dextral sense kinks predominant (e.g.. 

Localities 512, 513). Although the presence of kink bands in 

strongly sheared rocks indicates a component of shortening 

along the planar fabric, a predominance of one kink set over 

the other may potentially be used as a sense of shear 

indicator; however kink band data are insufficent in the 

region for this purpose. 

3.7: LATE STAGE STRUCTURAL FEATURES 

A number of sub-horizontal fabrics and veins, shear 
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zones, zones of brecciation, and faults have been documented 

from the area. They are described here only because their 

relationships to other structural features are 

indeterminate. This section describes the nature and 

variability of their geometry and occurrence. 

3.7.1: Sub-horizontal structures 

Planar fabrics, pegmatites and veins with sub-

horizontal orientations are uncommon in the study region. 

Shallowly south-dipping quartz veins occur at Locality 35, 

and shallowly-dipping pegmatites occur in the Lewis Lake 

batholith. Similarly, at Locality 106, in felsic intrusions 

associated with marginal phases of the Lewis Lake batholith, 

an example of sub-horizontal spaced cleavage is developed 

over an outcrop area of several tens of metres. 

This small number of examples of sub-horizontal 

structural features may in part result from a lack of 

information representing observational bias caused by the 

degree of difficulty in collecting such data on the 

generally peneplained outcrop surface of the Precambrian 

Shield. Their significance is undetermined but may be an 

example of late-stage vertically-oriented stresses. 

3.7.2: Late-stage shear zones and faults 

North- to northeasterly-trending shear zones and faults 

are sporadically distributed throughout the study area. 

Large scale lineaments commonly parallel the main foliation 
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and have both a topographic and geophysical (VLF - see 

O.G.S. 1990) signature. In the North Arm of Sturgeon Lake, 

quartz veins, ductile shear zones and faults have 

orientations within the north to northeast sector; many show 

sinistral senses of displacement. Small-scale shear zones 

cutting bedding in felsic tuff (e.g.. Locality 196), 

indicate a consistent sinistral sense of displacement across 

shear zones trending about 020°. These shear zones and 

associated quartz-tourmaline veins, may have developed at an 

early stage in the structural development of the region but 

their relationship to either the first or second stage 

structures is unknown. 

Pseudotachylyte, kink bands and associated sinistral 

faults are developed sub-parallel to mineral foliation in 

felsic volcanic or metasedimentary rocks in the Beckington 

Lake area (Locality 13; Figure 3.13a) along the eastern edge 

of the Sturgeon Lake greenstone belt, and immediately 

northeast of Vista Lake (Sub-area D, Locality 117). On an 

outcrop scale, discontinuities between adjacent layers are 

filled with black, glassy material, probably 

pseudotachylyte. North of Vista Lake, interbanded mafic and 

felsic volcanic rocks exhibit a layer-parallel decollement 

and associated kink bands (e.g.. Localities 117, 286), both 

of which affect, or fold the dominant schistosity. No other 

constraint on the age of these structures has been 

recognised. 
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Discordant shear zones are also found within the study 

area. On an outcrop scale, for example on the south shore of 

East Bay at Locality 11, a northeasterly-trending zone of 

brecciation cuts across both bedding and cleavage within 

steeply-dipping wacke. The zone is about 3 m wide, steeply 

dipping and contains a planar schistosity that parallels the 

zone. Closely-spaced fractures cut this schistosity 

orthogonally. No sense of displacement across the zone is 

apparent. 

A late stage, regional-scale fault forms and cross-cuts 

the northern boundary of the Fourbay cycle with the Lewis 

Lake batholith (Robinson and Maclean 1991), following the 

locus of an earlier, ductile shear zone described in Section 

3.5.2. The earlier, ductile shearing produced sub-horizontal 

to moderately easterly-plunging mineral and rodding 

lineations on a strong, steeply north-dipping foliation. The 

fault trends east-southeast and may be traced from the west 

at Threebay Lake, eastwards into Sturgeon Lake (Figure 1.2), 

probably as far as Rainbow Island. Sense of displacement 

across the fault is consistently dextral on the basis of 

intersecting planar fabrics (e.g.. Locality 310), 

displacement of markers, and minor folds (Locality 257). The 

fault forms a linear valley at the granite-mafic contact, 

but several, minor brittle, mylonitic shears have developed 

sub-parallel to it within the granitoid rocks to the north. 

Near the supposed eastern end of the fault on the mainland, 

it migrates northward from the granitoid-supracrustal 
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contact and is located entirely within the granitoid rock. 

East-southeast-trending shear zones with dextral senses of 

shear are recorded from islands within the North Arm of 

Sturgeon Lake, close to, and on Rainbow Island (Localities 

517, 519). These shear zones are inferred to be the eastward 

continuation of the fault/shear system north of the Fourbay 

cycle. 

Late-stage fracturing, mineral growths and reddening 

along joint surfaces have been recorded at a number of 

outcrops (e.g.. Localities 63, 553) but no systematic 

assessment of joint mineralisation or fracture density is 

warranted from the data. However, there is a close spatial 

association between highly fractured rocks containing 

chloritic and haematitic growths, and the main channel that 

runs along the length of Sturgeon Lake. This association is 

interpreted to be the result of late, brittle fracturing 

processes perhaps developed during a final brittle stage of 

activity along what had previously been a ductile shear zone 

along the length of the lake. 

3.8: SIGNIFICANCE OF STRUCTURAL FEATURES 

Despite the fact that most of the rocks within the 

greenstone belt are steeply tilted, occurring as steeply-

dipping panels of volcanic and sedimentary rock, ductile 

strain within them is generally low except at greenstone 

belt margins, and along major lithological contacts. 
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The presence of a pervasive, yet variably developed 

mineral foliation parallel to the lithological layering may 

be interpreted as the result of sub-horizontal shearing 

during the initial stages of deformation. During the 

formation of the foliation, the rocks may then have been 

tilted to their present orientation. The effect of later 

folding along northeasterly-trending axes has neither 

disturbed the gross geometry of the greenstone belt, nor of 

its components. 

Description of shear zones in terms of the structural 

controls of original lithological composition and 

anisotropy, and of alteration that the host rocks may have 

undergone prior to deformation, is preferable to 

descriptions of shear zones solely in terms of structural 

geometry. In the Sturgeon Lake area, there is a strong 

relationship between strain state and rock composition. For 

example, rocks containing phyllosilicate minerals such as 

muscovite and chlorite are coincident with zones of intense 

shear and fabric development. What is equivocal is whether 

the alteration to form these phyllosilicate and carbonate 

minerals predates, or is synchronous with the deformation. 

Shear zones examined at Locality 148, for example, indicate 

that the phyllosilicate minerals are strongly oriented to 

form planar fabrics; there is no indication of how much, if 

any shearing pre-dated alteration. 

The significance of shear zones is such that if they 

follow zones of alteration or, alternatively, if they cause 
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zones of alteration during hydrothermal fluid migration, or 

both, they represent a highly visible target for 

explorationists. In both cases, structural modification of 

the alteration and any mineralisation is likely; the 

geometry of this modification is related to the kinematics 

of the shear zone. 
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4: ALTERATION, MINERALISATION AND MINERAL DEPOSITS 

4.1: INTRODUCTION 

Significant base metal and gold exploration activity 

has taken place in this region over the last 90 years. 

Whereas property acquisition demonstrates that interest 

continues, large-scale exploration activity is presently 

restricted to the search for gold in sedimentary (felsic 

volcanic?) rocks in the southeastern portion of the region. 

Sporadic gold occurrences in the study area are mainly 

concentrated in or adjacent to contact zones between mafic 

volcanic rocks and late stage granitoid intrusions that 

separate the greenstone belt from the complex tonalitic to 

mafic intrusions of the Lewis Lake batholith (Figure 1.2). 

Gold mineralisation is also associated with magnetite- and 

sulphide-bearing siliceous ironstone found within what have 

hitherto been inferred to be clastic metasedimentary rocks 

in East Bay, and in similar rocks south and east of Vista 

Lake. Gold is also found in association with regional-scale, 

sheared and carbonate-altered contacts between mafic and 

felsic volcanic rocks, as for example, in NE Arm of Sturgeon 

Lake (Figure 1.2). 

Large-scale alteration zones characterized by the 

presence of highly aluminous minerals and base metal 

mineralisation are apparently developed only at Mattabi and 

Lyon lakes, and in the region between Savant and Sturgeon 

lakes, not in the study area. 
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Small-scale aluminous alteration and base metal 

mineralisation is typically found within highly altered 

felsic volcanic rocks or at the contact between felsic and 

mafic volcanic rocks. New small occurrences of base metal 

mineralisation have also been discovered within both late 

stage felsic intrusion breccia and in undeformed granitic 

pegmatites within the Lewis Lake batholith (Figure 1.2). 

4.2: ALTERATION 

Areas of aluminous alteration in mafic and felsic 

volcanic rocks, on a scale such as seen along the south 

shores of Sturgeon Lake, have not been noted during this 

project. The following sections deal with small-scale 

occurrences only. 

4.2.1: Mafic volcanic and intrusive rocks 

Mafic rocks throughout the.study area commonly exhibit 

alteration minerals such as epidote, chlorite, carbonate, 

garnet and amphibole. 

4.2.1.1: Epidote alteration 

Epidote replacement along pillow selvages, within 

pillow intersticies, and along joints is commonplace in 

mafic rocks but has not been spatially associated with 

presence of sulphide (e.g., Localities 161, 205, 279, 307, 

517, 562, Figure 4.1c). 
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4.2.1.2: Garnet and hornblende alteration, * bleaching' 

Garnet and hornblende are found in a number of 

localities where outcrop-scale alteration of mafic rocks is 

recognised. Growth of garnet and hornblende may occur along 

pillow selvages, in discordant veins and in concordant 

layers (e.g.. Locality 119). At this locality also, cherty-

layers within the mafic rocks contain sporadic sulphide. 

Mafic volcanic rocks (e.g.. Localities 83, 120, 123, 

137, 298) may locally become either paler or darker in 

colour. Colour variation and garnet production is 

accompanied by brecciation of the mafic unit at Locality 

123. The presence of abundant garnet and hornblende, or 

biotite in mafic rocks, is interpreted to be a metasomatic 

alteration effect. For example, garnetiferous mafic and 

hornblendic ultramafic rocks, and rusty-weathering, fine, 

felsic fragmental rocks containing centimetre-scale sulphide 

balls, are all found between Coveney Creek and Empress Lake 

(Locality 137). The occurrence of these diverse, 

interlayered units of what are interpreted to be both mafic 

and felsic volcanic rocks, is typically associated with 

marked colour and textural changes and sulphide 

mineralisation. These relationships are similar to altered 

and highly metamorphosed mafic and felsic volcanic rocks 

from the Manitouwadge region, in the Wawa Subprovince 

(Williams and Breaks 1990). 

4.2.1.3: Chlorite alteration, ^bleaching' 
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Bleaching of mafic rocks in association with chloritic 

veining along joints or fabric surfaces (e.g., Locality 

117). In this rock, sulphide occurs in the joint-controlled 

fragmental zones. 

4.2.1.4: Carbonate alteration 

Mafic volcanic rocks contain sporadically distributed 

veins of dark red-brown to pale coloured carbonate such as 

those developed along the schistosity (e.g.. Locality 178). 

Veins may contain quartz and chlorite, as well as carbonate 

(e.g.. Locality 566; Figure 4.1b, Figure 4.3b). Schistose 

mafic rocks contain carbonate as radial growths in 

association with amphibole (e.g.. Locality 34). Rarely, 

carbonate veining may be so intense that original host rock 

composition may be hard to discern, as for example at 

Locality 569, where the entire material is pervaded by 

carbonate. Massive mafic rocks, probably intrusive in 

nature, may also exhibit iron-rich carbonate veining, along 

the rudimentary schistosity (Locality 178). 

4.2.2: Felsic volcanic rocks 

Felsic volcanic rocks exhibit two types of alteration 

in the study area (Figure 4.2a,b): alteration involving the 

production of iron-rich carbonate (e.g., chocolate-coloured 

alteration in Northeast Arm, Localities 209, 217); 

phyllosilicate-carbonate alteration characterised by 

production of orange and green-coloured rocks containing 
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muscovite, chlorite, amphibole (e.g.. Figure 4.2a), minor 

carbonate, and quartz or carbonate veining (e.g., Localities 

34, 138, 145, 181). Patchy alteration recognised by subtle 

colour variation occurs at some outcrops (e.g.. Locality 

212) . 

4.2.2.1: Carbonate-breccia 

The dark brown Carbonate-breccia 7 described by Trowell 

(1981a) is an extreme example of carbonated and chloritised 

felsic tuff and tuff breccia unit occurring near to the base 

of the felsic volcanic sequence in the Northeast Arm of 

Sturgeon Lake (e.g.. Locality 209). It is significant that, 

at Locality 220, in felsic tuff breccia stratigraphically 

overlying the mappable unit of carbonate breccia seen at 

Locality 209, there are clastic fragments of dark brown 

carbonate-altered volcanic rock. The inference made here is 

that carbonate alteration was therefore syn- to late-

volcanic, and was subsequently broken up and incorporated 

into succeeding felsic volcanic deposits. In the carbonate 

breccia unit, some felsic clasts have withstood 

carbonatisation but have instead become partially 

chloritised around their margins (Locality 209). 

4.2.2.2; Phyllosilicate-carbonate alteration 

Alteration of felsic volcanic rocks typically produces 

a mixture of muscovite, chlorite, carbonate and quartz that 

combine together to form a highly schistose, phyllosilicate-
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dominated rock. These rocks are typically found at contacts 

between mafic and felsic volcanic rocks, such as in the NE 

Arm, at Localities 145 and 148. The schistose rocks grade 

into less altered volcanic rocks across strike. Most felsic 

volcanic rocks are altered to some extent and contain 

muscovite and chlorite as typical minerals. 

4.3: MINERALISATION 

A number of different types of mineral occurrences, 

vein systems and associated alteration are briefly 

described. Their relationship to both lithological and 

tectonic controls is assessed. 

4.3.1: Contact zones between mafic volcanic and granitoid 

rocks (Au, Cu) 

Examples of this type of mineralisation include a mined 

out trench at Rainbow Island and the now closed St. Anthony 

Mine. 

Chalcopyrite-containing quartz veins in mafic volcanic 

rock that has undergone localised ductile shearing on 

Rainbow Island (Locality 518) are located within metres of, 

or at the contact between mafic and granitoid rocks. Pluton-

side up and dextral sense of shearing has been inferred from 

the lineation geometry and relative orientation of shear and 

crenulation fabrics (Figures 4.3 and 4.4). Chalcopyrite is 

found within quartz veins both paralleling the sheared zone, 

and within veins that occupy the crenulation fabric (cf. 
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Janes et al. 1992). The shearing is probably of the same 

age, and is of the same geometry and kinematics as that 

found along the northern edge of the Fourbay cycle near 

Threebay Lake (Robinson and Maclean 1991). 

Vein systems at the St. Anthony Mine (Locality 104) 

straddle the contact, but at surface are restricted to the 

granite, occurring as NNE to NE-trending swarms of 

curvilinear quartz-muscovite-epidote veins. 

4.3.2: Mafic/felsic volcanic contact zones (Au, Cu) 

Examples include the xcarbonate-breccia' rock of 

Trowell (1981a) in the Northeast Arm of Sturgeon Lake, the 

King Bay occurrence, and numerous examples of interbanded 

mafic and felsic volcanic rocks. 

The 1 carbonate-breccia' (see Section 4.2.2.1), 

described by Trowell (1981a), is an example of wholesale 

alteration of felsic tuff breccia and tuffaceous felsic 

rocks to brown iron-rich carbonate (Locality 209; Figure 

4.2c,d). 

Within predominantly mafic volcanic rocks, felsic units 

commonly bear sulphide mineralisation. Similarly, in 

dominantly felsic volcanic rocks, the contacts of thin mafic 

units maybe mineralised. For example, felsic volcanic rocks 

interlayered with minor mafic volcanic rocks, on a decametre 

to hectometre scale, occur between East Bay and Vista Lake 

(e.g.. Locality 137). The sulphide occurs either in quartz 
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veins paralleling the bedded units, or, as disseminated 

grains of chalcopyrite in the felsic rock. 

Chalcopyrite is also associated with a metre-thick 

felsic unit within mafic volcanic rocks at the northern end 

of the Northeast Arm (Locality 170). This is 

stratigraphically along strike with rocks associated with 

the King Bay (Locality 311) and Rickaby Mines gold 

occurrences (Locality 98). 

The King Bay gold occurrence (Locality 311), located 

200 m north of the western end of King Bay, contains gold 

and associated sulphide mineralisation (Figure 3.12a). This 

mineralisation is primarily within quartz veins or is 

disseminated within a metre-scale unit of felsic volcanic 

rocks and ferruginous sediment (?) within generally mafic 

volcanic rocks (Robinson and Maclean 1991). Disseminated 

sulphide mineralisation is found associated with the sheared 

felsic/mafic contact, and also with a blue quartz vein. To 

the north of the sheared zone the quartz vein is discordant 

to host mafic rocks but the vein is deflected sinistrally 

into the sheared zone, becoming parallel with it. 

4.3.3: Veins in ironstone units (Cu, Au) 

Vein systems containing sulphide minerals and trace 

gold occur within or closely associated with ironstone units 

in clastic metasedimentary rocks (e.g., East Bay), and in 

mafic volcanic rocks (South shore of King Bay and Locality 

16) . 
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Old shafts and adits along the north shore of East Bay-

are spatially associated with massive quartz veins that 

contain abundant pyrite, possible arsenopyrite and 

sphalerite, within highly tectonised ironstone-pelite-mafic 

volcanic rocks (e.g.. Localities 501, 508). Perhaps the 

newly investigated occurrences south and east of Vista Lake 

also lie within this category. 

A large exposure of quartz-magnetite ironstone 

(Locality 16) near the eastern margin of the greenstone 

belt, north of Wellington Lake, is mineralised with pyrite 

and chalcopyrite. Sulphide minerals replace the ironstone 

and mafic volcanic host, occuring in vein systems that 

traverse the strongly layered ironstone, and in boudin scars 

that separate boudinaged mafic units. 

4.3.4: Quartz vein systems within granitoid rocks (Au) 

Examples of this type include those WNW of Rainbow 

Island (Locality 97). There, a 30 m long adit along a 

northerly-trending 3-4 m wide, internally layered, steeply 

west-dipping quartz vein. The vein contains gold (Trowell 

1981a). Shallowly north-plunging slickensides on surfaces 

sub-parallel to the vein margin are the only structural 

indication of vein kinematics. 

To the north, at Locality 100, an old gold prospect in 

mafic volcanic rocks contains a similarly-oriented quartz 

vein. Chalcopyrite, pyrite and an unidentified black mineral 
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occur within the massive north-northeasterly-trending, 

steeply east-dipping vein. 

4.3.5: Quartz vein systems within mafic volcanic rocks 

Examples of quartz veining in mafic rocks are most 

obvious in the eastern part of the Northeast Arm of Sturgeon 

Lake where they occur as sub-vertical veins cutting the 

schistosity. Only rarely are quartz veins parallel with the 

dominant foliation, in which case they are commonly deformed 

by folds, or boudinaged (e.g. Locality 165). Most quartz 

veins are steeply north-dipping and orthogonally cut the 

dominant planar fabric and occur over a localised area only 

several kilometres square (e.g.. Locality 142). Sulphide and 

graphitic units occur in the mafic rocks in this area. 

Mineralised quartz veins also occur within King Bay, such as 

chalcopyrite-bearing veins at Locality 100. 

4.3.6: Sulphide-bearing felsic tuff brecccia 

Felsic tuff and tuff breccia commonly contain 

disseminated pyrite and chalcopyrite, and, or sulphide 

spheres (e.g.. Localities 65, 170, 209, 234; Figure 4.4d). 

4.3.7: Sulphide-bearing intrusion breccia and granitic 

pegmatites 

In the Lewis Lake batholith, sulphide-bearing granitic 

pegmatites within tonalitic rocks are common (e.g.. Locality 

156, 252). Concentrations of sulphide may reach several 

74 



75 

percent. Sulphide may also occur along joint surfaces (e.g.. 

Locality 152). 

An intrusion breccia, a few metres long and less than a 

metre wide, in the tonalitic Lewis Lake batholith, consists 

of tonalite fragments in a chalcopyrite-bearing mafic matrix 

(e.g.. Locality 253; Figure 4.4a,b). 

4.4: RELATIONSHIP OF MINERALISATION TO TECTONIC STRUCTURES 

The mineralisation and attendant alteration in the Lyon 

Lake and Mattabi base metal mines is associated with coarse, 

proximal to central facies clastic felsic volcanic rocks. 

Despite recognition of coarse (<1 metre diameter) clastic 

volcanics in the area studied, no further alteration or 

mineralisation has been recorded from the remaining part of 

the belt except for a small region between the Sturgeon and 

Savant Lake belts, documented by Trowell (1981b) and 

Sanborn-Barrie (1992). Felsic volcanic rocks are mineralised 

in the northern part of the Sturgeon Lake region, but 

amounts appear to be small, sporadically distributed and not 

clearly associated with specific rock types. It would seem 

that the major base metal occurrences along the south shore 

of Sturgeon Lake have characteristic lithological and 

alteration properties that are not found in the older 

supracrustal rocks in the northern part of Sturgeon Lake. 

Many of the sulphide mineral occurrences briefly 

documented in this report are spatially associated with 

shearing, whether along original stratigraphic contacts 
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between supracrustal rocks such as in the Northeast Arm, or 

along relatively late-stage contacts with intrusive rocks as 

at Rainbow Island. The shearing may however, have been 

focussed along volcanic units weakened by hydrous 

alteration; as a corollary therefore, the spatial 

association of shearing deformation and alteration and 

mineralisation is one in which deformation took advantage of 

pre-existing site preparation and not vice-versa. 

Sulphide mineral occurrences such as those along the 

north shore of East Bay also occur within vein systems but 

these are are strongly discordant to original layering or to 

mineral foliation. 
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5: CONCLUSIONS 

Two major stages of deformation developed. D x produced fabrics 

that sub-parallel original lithological layering; D 2 produced 

northeasterly-trending minor folds and associated 

schistosity. These two deformations are similar in geometry 

to those in the Savant Lake region to the north. 

There is strong geological and geophysical correlation of the 

mafic and felsic volcanic rocks in the Northeast Arm with 

those in the Six Mile Lake area. However, no equivalent to 

the Fourbay cycle of Robinson and Maclean (1991) has been 

found in the Northeast Arm. 

No new large-scale aluminous alteration zones associated with 

felsic volcanism were found. Patchy aluminous alteration in 

interbanded mafic and felsic volcanic rocks, growth of 

abundant garnet and hornblende, and occurrence of 

disseminated sulphide mineralisation is typical of rocks 

beterrn East Bay and Vista Lake. 

77 



Contact zones between granitic rocks and mafic volcanics are 

commonly sheared and contain Cu-Au mineralisation in quartz 

veins. Flat-lying fabrics and associated quartz veins in the 

neighbourhood of these contacts are unusual structural 

features indicative of high levels of plutonic bodies. 

Breccia zones in tonalitic rocks remain to be investigated in 

detail and represent a new type of mineral occurrence in the 

region. 
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Appendix - Table 1 

Outcrop Easting Northing Rock types 
# present 

1 664605 5544331 la,2d,2g,2f 
2 665331 5543542 3b, 3c 
3 665532 5543483 3b, 3c 
4 665301 5543226 2a, 3b,c 
5 665228 5543190 2a, 3b,c 
6 664427 5543747 3b,3c,3d 
7 664416 5543800 3b,3c,3h,If 
8 664451 5543845 3b,3c,3h,If 
9 664633 5544052 3b, 3c 
10 664682 5543871 3e 

11 665128 5543170 2a, 3b,c 
12 664977 5543145 2a, 3b,c 
13 677253 5561923 3a,c, 6f,lf 
14 677539 5561939 If, 3a,c 
15 678134 5561804 6a, c 
16 679182 5559143 If,3f,g,6a 
17 678911 5557545 3a, 6a 
18 671705 5566326 3b,c 
19 671820 5566445 3b,c 
20 672485 5566354 If 

21 672696 5566448 If ,3h 
22 672798 5566606 3c 
23 672973 5567091 3a, 3c 
24 672225 5566956 If 
25 671489 5566242 If 
26 672786 5563831 If 
27 668530 5566508 la,2,2f 
28 668177 5567184 la,b, c, f 
29 670079 5567149 If,2,5? 
30 666157 5563260 la, c 

31 666810 5562917 la, e 
32 669495 5562272 la 
33 669796 5562528 If,2b,c,f 
34 670482 5562642 If, 2b, 4a 
35 671072 5562129 2b,c, If 
36 671549 5561963 2c 
37 667978 5543019 3b,c 
38 666470 5543741 3c,g,b 
39 666103 5543832 3b,c,g 
40 665993 5543751 3b 

41 666533 5543745 3c 
42 668351 5543361 3c,f 
43 667886 5543043 3b,c,h 
44 667656 5542708 3b,lh,2 
45 667278 5542822 la 
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46 666357 5543102 la,3a,11 B 
47 668819 5541934 3b,c B 
48 668834 5542313 3a, c B 
49 669047 5543053 3a, c B 
50 666053 5543096 3a B 

51 666933 5544135 la B 
52 666025 5544181 la B 
53 661400 5541962 If ,2f C 
54 661078 5541454 2c C 
55 664620 5543125 3a, c B 
56 664395 5543089 3a,c B 
57 661514 5541562 3b, c, d, 2 C 
58 661651 5541196 3b C 
59 661433 5541714 2f C 
60 660745 5541586 la,f C 

61 660852 5542238 la C 
62 662686 5543152 If ,2f C 
63 663502 5543789 la,f,2f,7b C 
64 662485 5542026 2c? C 
65 662578 5541946 2c C 
66 673215 5562220 If A 
67 673847 5562301 la,f A 
68 674469 5562604 la,f,4b A 
69 675157 5563473 lc,b A 
70 676714 5562026 la,b,f A 

71 672571 5561858 If,2,3 A 
72 660268 5539324 la,f C 
73 660635 5539792 la,f,2 C 
74 660441 5540048 2/3? C 
75 660671 5540409 2c, 3a,c C 
76 672505 5543028 6a D 
77 680475 5543585 6a D 
78 680517 5544838 6a D 
79 680162 5545092 6a D 
80 679826 5545653 6a D 

81 679429 5546062 6a,la, 3? D 
82 679134 5546036 If D 
83 678821 5546036 If,a,3? D 
84 678463 5545936 la,f,2, 3a,b D 
85 678028 5545856 If, 3b,c D 
86 659764 5543483 7a C 
87 657582 5543060 7b C 
88 657341 5542928 la,c,f,7b C 
89 657237 5543043 If C 
90 657958 5543074 lc, 3f,g C 

91 658345 5543074 la,f,3f,g C 
92 658947 5543288 7b C 
93 662041 5543613 la,f C 
94 662202 5543517 If C 
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95 662452 5545120 7a C 
96 662062 5544927 la C 
97 661171 5545298 7b E 
98 663484 5545168 7a, lb C 
99 660446 5545471 7a, If E 
100 663435 5546224 la C 

101 658965 5548282 7a,b E 
102 658465 5547912 7a,b E 
103 655162 5548668 6a ,b E 
104 666503 5552559 7a C 
105 665945 5553495 la,f C 
106 664908 5552839 7a,b, 5b c 107 664619 5551130 7a,b c 108 664563 5552932 5f c 109 663931 5553213 7a ,b c 110 663373 5552745 7a,b c 
111 663412 5553144 5f ,7a c 
112 664619 5553635 7a c 113 665504 5553120 7a c 114 664756 5552559 7a c 115 664965 5552159 7a c 116 664538 5545185 la, c, f c 117 677414 5545785 If, 2, 7 D 
118 676943 5545921 ?1,2,3 D 
119 676472 5546168 la, c, 3a, 6 D 
120 676031 5546090 lc, e D 

121 675394 5546190 If,4a,6 D 
122 674640 5546168 la, c, f, 6 D 
123 674002 5546281 le, 3a D 
124 673376 5546471 la C 
125 664675 5545005 la,f C 
126 664651 5545423 la,f C 
127 664800 5545618 la,f C 
128 665099 5546218 la,f C 
129 665498 5546121 2a,f, 4a C 
130 665888 5546805 2a,f C 

131 665590 5546889 lc, e C 
132 678675 5556700 2,3 A 
133 673832 5542171 3a D 
134 673862 5540904 8 D 
135 672514 5543028 2,3 D 
136 672049 5543039 2,3 D 
137 671376 5543366 1, 2,3,4d D 
138 666524 5547732 2b,f C 
139 666708 5547643 la, c, 4a C 
140 666071 5547853 If C 

141 666413 5548061 la,c,f C 
142 666670 5548806 la, c C 
143 667159 5549908 la, c, f C 
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144 667662 5549640 la, 6 C 
145 668163 5549956 2b,f C 
146 668407 5550846 If C 
147 668536 5550534 2b C 
148 669388 5552197 If ,2f C 
149 653600 5549500 6b E 
150 653597 5550788 6b E 

151 653884 5551650 6b E 
152 654283 5552191 If ,6b E 
153 655189 5552838 6b E 
154 655895 5553187 6b E 
155 656405 5554105 6b E 
156 656450 5554723 6b E 
157 657400 5556126 6b E 
158 657812 5557322 6b E 
159 658253 5558517 6b E 
160 659078 5560107 6b E 

161 668801 5552830 lc,f C 
162 668971 5552460 lc C 
163 669409 5552626 2b C 
164 669476 5553325 la,f C 
165 669779 5554045 la,f C 
166 669779 5554476 la,f C 
167 670101 5555094 la,f,2b C 
168 670573 5555176 la,f,2 C 
169 670556 5556205 lc,e,f C 
170 670201 5555875 If ,2b C 

171 670928 5557192 2b,f C 
172 670692 5555917 ig C 
173 670928 5555608 2 C 
174 671450 5555751 2b C 
175 671029 5555135 2b C 
176 670843 5555094 If ,2b C 
177 672547 5558556 2f C 
178 672824 5558378 la, 4a C 
179 673149 5558316 If,2f,4a C 
180 673069 5557861 2a C 

181 673736 5558058 2b,f,la,4a? C 
182 673653 5557622 2b,c C 
183 673230 5557146 2b C 
184 673230 5556828 la,f C 
185 673736 5556529 If ,2a,f C 
186 674079 5556033 2a,b,f C 
187 673459 5553891 la,f,2b C 
188 673656 5554911 1,2a,4a c 189 672753 5555411 la,f c 190 672902 5556159 2b,f,4a c 
191 672690 5555087 If ,2f c 
192 672690 5554627 4c c 
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193 672127 5553937 2f ,4a C 
194 672231 5552942 lb? C 
195 672252 5553581 lb C 
196 671832 5553044 la,2a,b C 
197 672356 5551715 2b,f C 
198 672777 5551435 2b, c C 
199 668563 5546946 la,2f C 
200 669090 5546569 la, e C 

201 669802 5547652 la,c C 
202 670291 5547219 la,2a,b C 
203 669951 5546240 la,2 C 
204 670416 5546513 la C 
205 670112 5548468 la,2b C 
206 670610 5549817 la,2a,c C 
207 670833 5550950 la,2f C 
208 670321 5551732 2c C 
209 669561 5549763 la, 2c C 
210 669874 5549796 la C 

211 671340 5552674 4a C 
212 671203 5552674 1,2b,c, C 
213 670947 5552525 2b,c,f C 
214 670688 5552096 2b,c,f C 
215 670647 5552410 la,f,2b,c C 
216 670335 5551401 2c, 4a C 
217 670417 5551120 2b,c C 
218 669901 5550939 2b, c C 
219 669196 5549251 2c, lc c 220 668911 5548358 2b,c c 
221 668571 5548055 2b,c,4 c 
222 668845 5547585 la,2b,c c 223 669343 5548802 2f c 224 667108 5546534 la,f c 225 666679 5546326 la,f c 226 666056 5545893 la,f c 227 665403 5544759 la,f,2b,c c 228 670813 5542114 2 D 
229 670836 5542681 2a,3? D 
230 671289 5542773 2,3? D 

231 670935 5543799 2,3? D 
232 671310 5544338 lc, e D 
233 670404 5544512 If,3,4 D 
234 670005 5544594 2b,c D 
235 669233 5544204 lc D 
236 667752 5543522 3a B 
237 675560 5564282 lc A 
238 675477 5564639 la A 
239 675024 5564847 la,2 A 
240 674976 5565220 If A 

241 671948 5542736 2,3 D 
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242 677170 5547364 la,7 D 
243 677298 5547832 la,c,7 D 
244 678052 5549612 la, e D 
245 678294 5550238 lc,f D 
246 678806 5551972 If D 
247 678475 5552635 If ,4d D 
248 678383 5554259 8 D 
249 659239 5560470 6b, a E 
250 659546 5561480 6a E 

251 659585 5561646 6a, b E 
252 661126 5562543 6a E 
253 661791 5562852 6a E 
254 661952 5563552 6a E 
255 662780 5564169 6a E 
256 663955 5566160 6a, b E 
257 653398 5548616 6a C 
258 652918 5548291 If C 
259 650030 5547728 If c 260 651589 5548167 If c 
261 675963 5561389 If ,6a A 
262 676142 5560789 If ,6a A 
263 676434 5560330 6a A 
264 675501 5561300 la,f A 
265 675605 5560624 2a, c A 
266 675712 5560420 2a A 
267 675501 5559896 2a A 
268 675218 5560561 la,f,4a A 
269 674684 5560994 If A 
270 674255 5561083 la,f A 

271 674747 5561072 la,b,f A 
272 677712 5561460 If A 
273 677885 5560791 2c A 
274 678532 5558976 2 A 
275 678761 5558738 2,3 A 
276 678848 5558144 2 A 
277 678696 5557583 2,3 A 
278 678004 5561187 If A 
279 679313 5556223 If D 
280 679390 5555706 2c, If D 

281 679915 5555126 If D 
282 680198 5553780 2c, 3 D 
283 680764 5552951 6a D 
284 679602 5547805 2,3 D 
285 678732 5546231 2,3 D 
286 678413 5546166 2,3 D 
287 678159 5545856 2,3 D 
288 665683 5567385 If, 2a,c,6a A 
289 666381 5567409 6a A 
290 667245 5567444 2f ,a A 
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291 677227 5544830 2 D 
292 676556 5542138 2 D 
293 676586 5541904 3 D 
294 675999 5541159 3 D 
295 669367 5534093 2, If D 
296 675018 5545360 2a,d, If D 
297 675715 5545518 2,2, If D 
298 676148 5546400 la,c?,f D 
299 675683 5547264 2a,f D 
300 675346 5552165 2a,b D 

301 675030 5551961 2 D 
302 674750 5551779 2b D 
303 673933 5551847 2a,b,la D 
304 673987 5552096 4a D 
305 676222 5551325 la, 12 D 
306 676297 5548828 If ,2 D 
307 675999 5548217 la,2,12 D 
308 651028 5548966 If ,6a E 
309 650554 5549220 6a E 
310 649139 5549187 6a, If E 

311 657755 5543805 la,f,2,3 E 
501 666708 5543740 3b,c,f B 
502 666694 5543669 3b,c B 
503 666968 5543708 3b,c,f B 
504 667290 5543689 3b,f B 
505 667734 5542753 3a,b B 
506 665305 5543106 3a,c,d B 
507 665721 5543141 3a,c,d B 
508 665738 5543897 S B 
509 665725 5543979 3c B 
510 665719 5544805 2, 2c B 

511 663154 5543399 la C 
512 662824 5543462 2c C 
513 662818 5543177 la, 2c C 
514 664098 5543073 2a, c C 
515 662834 5541878 3b,c, la C 
516 663568 5544071 7b E 
517 663135 5544286 la,7b E 
518 662500 5544659 la,f,7b E 
519 661782 5544494 la, If E 
520 664571 5544838 la C 

521 664434 5545005 la C 
522 665096 5545664 la,f c 523 665224 5545757 2a,b c 524 665239 5545430 la,f,2b c 525 665430 5545757 la,f c 526 665558 5545930 2b,4a c 527 665960 5546365 lb,f 2b c 528 666354 5546617 la, lb c 
c o o 666777 5546708 2a,f c 
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530 667224 5547524 2b,la,f C 

531 666929 5548629 lc, If C 
532 667919 5549571 2b,c C 
533 669406 5552202 4a, 2c C 
534 670024 5552587 2b,c C 
535 670160 5552763 2c C 
536 669755 5553167 2b c 537 670258 5553298 2f c 538 670168 5554020 6 c 539 670582 5554691 2c c 540 671412 5555160 2c c 
541 672428 5557986 2a,b,f c 
542 672535 5557382 2c c 543 672792 5556956 2c c 544 672631 5556761 2 c 545 672523 5556579 2c c 546 672231 5555740 c 546 672201 5555663 2a,c,f c 547 672032 5558393 2c, 4a c 548 672139 5555478 2b,c c 549 671954 5554954 2 c 550 672032 5554617 2a,b c 
551 671567 5554199 la c 
552 672032 5553993 la,b 2b,c c 553 671721 5553647 la,2 c 554 670960 5553380 2c c 555 670830 5554198 2c c 556 670675 5553853 2a,b,c c 557 670301 5552609 2f c 558 669623 5552031 2c, 4b c 559 669549 5551665 2a,b,f c 560 669489 5551320 2b,a c 
561 669635 5551121 2a,b,c c 
562 669719 5550487 2a,b,c c 563 668994 5549681 2b,c c 564 668756 5549488 If c 565 668124 5548793 2a c 566 669090 5548973 lc c 567 667829 5547364 2c,f c 568 668044 5547697 la c 569 668249 5547905 chocolate rock c 570 668589 5548585 2b,f c 571 664932 5544249 la,c,d c 
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Figure 3.13 Features of sporadic, minor, discordant shear zones: 

a) Black pseudotachylyte and associated imbricate structures within 
brittle shear zone of unknown sense-of-shear, paralleling Si fabric 
in felsic tuffs, Beckington Lake [01-08-91] 

b) Foliated granite traversed by strongly discordant sinistral 
shear zone containing kink bands, asymmetric folds (not in photo) 
and extensional crenulation as kinematic indicators. Sturgeon 
Narrows [01-07-91] 
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO 
GEOLOGICAL SURVEY PUBLICATIONS 

Conversion from SI to Imperial Conversion from Imperial to SI 

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives 

LENGTH 
1 mm 0.039 37 inches 1 inch 25.4 mm 
1 cm 0.393 70 inches 1 inch 2.54 cm 
1 m 3.280 84 feet 1 foot 0304 8 m 
1 m 0.049 709 7 chains 1 chain 20.116 8 m 
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km 

AREA 
1 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@ 
1 m<2> 10.763 9 square feet 1 square foot 0.092 903 04 *m(2> 
1 km(S> 0.386 10 square miles 1 square mile 2.589 988 km@ 
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha 

VOLUME 
1 cm# 0.061 02 cubic inches 1 cubic inch 16387 064 cm# 
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m# 
1 m# 1.308 0 cubic yards 1 cubic yard 0.764 555 m# 

CAPACITY 
1 L 1.759 755 pints 1 pint 0.568 261 L 
1 L 0.879 877 quarts 1 quart 1.136 522 L 
1 L 0.219 969 gallons 1 gallon 4346 090 L 

MASS 
1 g 0.035 273 96 ounces(avdp) 1 ounce (avdp) 28.349 523 g 
1 g 0.032 150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g 
1kg 2.204 62 pounds(avdp) 1 pound (avdp) 0.453 592 37 kg 
1kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg 
1 t 1.102311 tons (short) 1 ton (short) 0.907 18474 t 
1kg 0.000984 21 tons (long) 1 ton (long) 1016.046 908 8 kg 
1t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 908 8 t 

CONCENTRATION 
l g / t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t 

ton (short) ton (short) 
l g / t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t 

ton (short) ton (short) 

OTHER USEFUL CONVERSION FACTORS 

Multiplied by 
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short) 

Note: Conversion factors which are in bold type are exact. The conversion factors have been taken from or have 
been derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Indus
tries, published by the Mining Association of Canada in co-operation with the Coal Association of Canada. 
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