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FOREWORD

The discovery of the rich gold deposits at Hemlo in 
the early 1980's had the immediate effect of greatly 
increased staking and exploration of greenstone belts 
in northern Ontario for gold. This activity extended 
into the Shebandowan greenstone belt, west of Thunder 
Bay, where gold occurrences had already been discov 
ered. However, the geological setting of this miner 
alization, and the potential of the belt to host 
large gold deposits, were largely unknown.

This report presents the results of a two year study 
of known gold mineralization in the Shebandowan 
greenstone belt. These results include extensive 
descriptions of the geology and mineralization in 
three areas - the Highway 11 Occurrences, the Jalna 
Claim Block, and the Huronian Mine - Snodgrass Lake 
Area - and a discussion of the overall controls of 
the siting of this mineralization. The observations, 
and the conclusions drawn from them, provide 
guidelines for future exploration for gold in this 
and other, geologically similar, areas.

This project was funded equally by the Governments 
of Canada and Ontario under the Northern Ontario 
Rural Development Agreement (NORDA).

V.G. Milne
Director
Ontario Geological Survey
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visible in the plane of this section. Sample 
84 LBC 194. Cross polarized light.

Plate 7: Photomicrograph of metadiabase mylonite (limited 41 
carbonatization) showing feldspar porphyroclasts 
(white) in a dark, laminated, mylonitic matrix 
of fine grained quartz, chlorite, and rutile 
defining a strong shear plane foliation (C) and low 
angle shear band foliation (C 1 ). Sample 84 LBC 219. 
Plane polarized light.

Plate 8: Exposure of banded, mylonitic metadiabase at
Location C-2 near Kabaigon Bay. The handed rock, 
with widely spaced crenulation, grades outwards 
into schistose metadiabase, and thence into more 
massive metadiabase.

41

Plate 9

Plate 10

Plate 11

Plate 12

Photomicrograph of metadiabase with the 
plagioclase occluded by very fine grained 
saussurite (dark grey), set in uralitized, 
subophitic ferromagnesian grains (light), and 
enclosing three grains of titaniferous magnetite 
altered to sphene-magnet ite intergrowths 
(black) in centre of slide. Sample 84 LBC 426. 
Plane polarized light.

43

Saussuritized plagioclase augen 
weakly carbonatized metadiabase. 
210. Plane polarized light.

in sheared , 
Sample 84 LBC

Feldspar porphyry dyke (upper right) cutting 
undeformed metabasalt on Highway 11 near 
Kabaigon Bay.

Plan view of boudins of mylonitized feldspar 
porphyry in shear zone in metadiabase at 
Location C near Kabaigon Bay. Top of photo 
to the south.
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47
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Place 13: Photomicrograph of mylonitic feldspar porphyry 
boudin showing relict feldspar porphyroclast 
(lower right) in comminuted feldspathic matrix. 
Sample 84 LBC 198. Cross polarized light.

Plate 14: Photomicrograph of highly altered trondhjemite
of the Pistol Lake stock showing quartz phenocryst 
(centre) and sericitized plagioclase laths (upper 
right) in a mesostasis of quartz, altered 
plagioclase, and iron carbonate (weathered to 
limonite). Sample 84 LBC 55. 14A: Plane polarized 
light. 14B: cross polarized light.

52

55

57Plate 15: Photomicrograph of altered trondhjemite from 
the Pistol Lake stock showing concentrations 
of ankerite (high relief rhombs) in fractures 
between the plagioclase grains, all overprinted 
by a coarse pyrite crystal. Sample 84 LBC 33. 
Plane polarized light.

Plate 16: Photomicrograph of chequered albite fracture 57 
filling in altered trondhjemite of the Pistol Lake 
stock. Sample 84 LBC 32. Cross polarized light.

Plate 17: Photomicrograph of the trondhjemite of the 60 
Shebandowan Lake pluton, showing laths of 
plagioclase, hornblende, and chloritized biotite 
with interstitial quartz. Sample 84 LBC 706. 
17A: Plane polarized light. 17B: Cross polarized 
light.

Plate 18: Photomicrograph of highly altered, fractured 60a 
trondhjemite of the Shebandowan Lake pluton, 
showing plagioclase laths (mottled, with dark 
specks), quartz (white), and a grain of 
hornblende replaced by chlorite (light grey), 
iron carbonate (high relief grey grains) and one 
large apatite inclusion (white, centre photo). 
Sample 84 LBC 103. Cross polarized light. mm.

Plate 19: Photomicrograph of the schistose matrix of the 63 
breccia-conglomerate showing quartz and feldspar 
clasts forming augen in the schistosity, locally 
decorated by stilpnomelane, all overprinted by 
euhedral pyrite with weak chloritic pressure 
fringes. Sample 84 LBC 701. 19A: Plane polarized 
light. 19B: Cross polarized light.

Plate 20: Photomicrograph of f Timiskaming-type' latite, 66 
Shebandowan Mine Road, showing profuse hornblende 
and plagioclase phenocrysts. Sample 84 LBC 0003. 
Cross polarized light.
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Plate 21: Photomicrograph of a large hornblende phenocryst 
showing concentration of iron oxide along rim. 
84 LBC 003. Plane polarized light.

66

Plate 22: Photomicrograph of hornblende phenocryst, now 69 
altered to chlorite and sphene in quartz syenite 
or latite dyke, powerline area, J.F. West Property. 
Sample 84 LBC 480. Plane polarized light.

Plate 23: Sericite-carbonate schist with relatively thick, 80 
lenticular, ankerite veinlets crosscutting 
schistosity at a small, counterclockwise angle.

Plate 24: The steep, east face of an outcrop of sericite- 80 
carbonate schist shows steeply southeast- 
dipping, ankerite veinlets with gently north- 
dipping, quartz-filled extension gashes, Highway 
11 area.

Plate 25: East-facing outcrop surface of schistose 84 
metadiabase displays barren, quartz-filled, 
synkinematic, extensional veinlets and foliation 
fish, suggesting a north-side-up shear component.

Plate 26: Top surface of a weathered outcrop showing the 84 
development of sinistral shear bands in highly 
foliated and altered metagabbro, Location A-l.

Plate 27: Tec tonically-produced lenticular texture in 88 
pillow lava - pillow breccia, consisting of 
undeformed lenses of carbonatized metabasalt 
traversed by small scale, chloritic, sinistral 
shear zones derived from rim and matrix material. 
Location A-2, Highway 11 near East Divide Lake.

Plate 28: Photomicrograph of basaltic 'quench 1 texture 89 
(feldspar microlites) of light grey lenticles 
passing into mini-shear zones enriched in 
chlorite and rutile. Location A-2, Highway 11. 
Plane polarized light.

Plate 29: Northwest-striking, feldspar porphyry dyke 89 
showing outcrop scale, north-northeast-striking, 
sinistral shear offsets, several of which display 
en echelon extension gash arrays (lower centre). 
Minor dextral shear displacements affect corners 
on the northwestern side of the deformed dyke. 
Hammer oriented approximately north.

Plate 30: View of the northwestern end of the main Ray 95 
Smith trench, showing the complex zone of brittle
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fracturing and veining which crosscuts relatively 
undeformed metavolcanic rocks on either side (here 
seen on right hand side of photo). Location B-l.

Plate 31: Dilated and calcite-filled, northeast-striking 
foliation planes of a wedge of metavolcanic rock 
caught up in northwest-striking faults in Ray Smith 
fracture-vein system. Looking northwest onto gently 
inclined trench floor.

95

Plate 32: Plan view of the tectonic "excavation" of a
previously foliated metadiabase lozenge along a 
dextral shear fracture zone, Location C-l near 
Kabaigon Bay.

Plate 33: Banded mylonite with lozenges of less highly
deformed metadiabase, Location C-2 near Kabaigon 
Bay.

Plate 34: Conjugate shear fractures (centre and top of 
photo) north of the schistose southern margin 
of the Pistol Lake stock. Conjugate set is 
truncated by the more prominent, discrete 
northwesterly trending fissile zone at base of 
photo. Looking obliquely to south at Location 
D-l south of Highway 11.-

Plate 35: Moderately northeast dipping quartz veins
cutting carbonatized and fractured trondhjemite 
of the Pistol Lake stock. Looking northeast at 
Location D-l, north side of Highway 11.

Plate 36: Outcrops of fractured pillow lava showing
north-south fractures sinistrally offsetting 
pillow selvedges (lower right centre of photo). 
Full arrow points north. Location D-3, J. F. West 
Property.

101
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108
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Plate 37: Small outcrops of pillow breccia and
hyaloclastite with fractures and local matrix 
replaced by magnetite and chlorite. Northeast 
Location D-3, J.F. West area.
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121Plate 38: Foliation intensifies as it rotates counter
clockwise into a pyritized shear fracture zone. 
Top view of feldspar porphyry at Bandore bulldozed 
outcro.p, Location E-2. Brunton compass points north.

Plate 39: Moderately deformed metadiabase with southeast- 121 
(sterile) and northeast-striking (sinistral shear), 
bleach-rimmed fractures filled with actinolite. 
Brunton compass points north on flat outcrop.
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Plate 40: Stockwork of conjugate quartz veins (barren) in 
moderately deformed, relatively unaltered 
metabasalt.

136

Plate 41 : Outcrops of quartz-feldspar porphyry show no 169 
strain on surfaces perpendicular to the lineation, 
which is seen clearly on steep surfaces. 
Ternowesky zone, Jalna claim block. Pen is 15 cm 
long.

Plate 42: Flow banding in proximal felsic metavolcanic 169 
complex (TTnit Ib). North zone, Jalna claim block.

Plate 43: Photomicrograph of phenocrysts of quartz in 177 
quartz feldspar porphyry. Sample 84 LBC 303. Cross 
polarized light. 43A: View, perpendicular to the 
lineation, showing amoebic projections of quartz 
phenocryst cannibalizing matrix quartz. Phenocryst 
is surrounded by altered cellular fracture. 
43B: View, parallel to the lineation, of a pull-apart 
quartz phenocryst with an extension gash filling of 
chlorite and biotite. f Sealed f fracture zones enriched 
in muscovite, tourmaline and rutile occur on both 
sides of phenocryst.

Plate 44: Photomicrographs showing feldspar phenocrysts 178 
replaced by albite, muscovite and chlorite/ 
biotite, viewed perpendicular to the lineation. 
Sample 84 LBC 336A. 44A: Plane polarized light. 
44B: Cross polarized light.

Plate 45: Darkly coloured, tourmaliniferous pen-line 180 
fractures in felsic metavolcanic complex cut 
by two generations of vein quartz, one (partly 
covered by scale) predating the pen-line fractures 
and the other (across centre) post-dating them.

Plate 46: Outcrop of quartz feldspar porphyry showing all 182 
degrees of hydrothermal fracturing and brecciation. 
Outcrop surface highly inclined to lineation. South 
zone, .Jalna claim block. 46A: Tourmalin!ferous 
fracture network. 46B: Incipient brecciation. 
46C: Fractured fragmental rock with displaced and 
slightly rounded clasts in altered matrix.

Plate 47: Actinolite fracture fillings in North zone 
outcrop, Jalna claim block.

Plate 48: Actinolite veinlet with bleached alteration 
halo, North zone, Jalna claim block.
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Plate 49: Repeated actinolite veining and alteration, 
North Zone, Jalna claim block.

Plate 50: Breccia consisting of sericitized, bleached 
roetavolcanic fragments in actinolitic matrix, 
in Laurie Township east of North zone.

Plate 51: Quartz vein along core of bleach-rimmed 
actinolite vein.
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Plate 52: Photomicrograph showing enrichment of muscovite, 188 
rutile (abundant fine needles), and chlorite 
along a double 'sealed' fracture zone, truncating 
a buckled, hairline quartz veinlet. Sample 84 LBC 
475. Plane polarized light.

Plate 53: Photomicrograph of crimped, quartz-filled 188 
hairline fracture in altered metavolcanic rock. 
Sample 84 LBC 475. Plane polarized light.

Plate 54: Photomicrograph of highly sericitized, felsic 190 
metavolcanic rock showing the abundant sericite, 
tourmaline, and elongate pyrite which define the 
strong lineation. Sericite and quartz occur in 
pyrite pressure shadows. Sample 84 LBC 336. 
54A: Section cut parallel to the lineation, plane 
polarized light, showing the traces of crimped, 
cellular fractures. 54B: Same as 54A, cross 
polarized light, showing the abundant muscovite which 
characterizes the intense alteration. 54C: Section 
cut perpendicular to the lineation shows no mineral 
alignment, only the outlines of the cellular 
fractures, demonstrating the linear nature of the 
fabric. Plane polarized light.

Plate 55: Angular to highly corroded fragments of
hornblende metadiabase in buff-white alteration 
matrix.

201

Plate 56: Large, angular blocks of dacite (light grey
with dark rims) and small, highly corroded mafic 
fragments in buff-white alteration matrix, all 
traversed by narrow, deformed, quartz extension 
veins .

201

Plate 57: Outcrop of highly altered mafic breccia cut by 201 
nebulous actinolite veinlets (eg. left side of 
scale), all showing the strong stretching 
lineation on the steep face.

Plate 58: Redeposited polymictic breccia or debris flow 205 
rock (Unit 4b), containing mafic plutonic, and
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mafic and felsic metavolcanic fragments, North 
Zone trenches, Jalna claim block.

Plate 59: Polymictic breccia containing a block of
pen-line fractured felsic metavolcanic rock,
as well as mafic and felsic metavolcanic fragments.

205

Plate 60: Photomicrograph of tourmaline-quartz rock showing 207 
dravite rosettes (grey) in a polycrystalline, 
quartz-rich matrix. Sample 84 LBC 362. Plane 
polarized light. Scale bar - 250 um.

Plate 61: Clast-supported , polymictic conglomerate with 
subrounded to subangular clasts of felsite, 
metabasalt, iron formation, and vein quartz.

Plate 62: Border zone of composite intrusion showing
cognate xenoliths of mafic and felsic plutonic 
rock, cut by and engulfed in, progressively 
more felsic granitoid rock.

Plate 63: Ultramafic cognate xenolith engulfed in
clinopyroxene- bearing hornblende metagabbro. 
Clinopyroxene forms the large, locally rimmed 
crystals dispersed throughout the gabbro.

Plate 64: Pillow breccia, 
Township.

Huronian Mine map area, Moss
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Plate 65: Acicular ferromagnesian phenocrysts in pillowed 
metabasalt with calcite-f11led vesicles and 
fractures.

238
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Plate 66: Massive interpillow magnetite in pillowed 
metabasalts northeast of the Huronian Mine. 
Looking north on a subvertical outcrop face

240

Plate 67: Sinistral shear zones sited along pillow margins, 240 
between which pillow masses are highly fractured. 
Central southwestern part of the Huronian Mine map 
area .

Plate 68: Fragmental rock (Unit le), with fragments of 244 
magnetite-poor and magnetite-rich, cherty, iron 
formation and vesicular metavolcanic rock, all 
deformed and cut counterclockwise to the foliation 
by ribbon quartz vein. Huronian Mine townsite.

Plate 69: Fragmental rock with greenstone fragments in an 244 
magnetite-rich clastic matrix. Huronian Mine 
towns i te.
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Plate 70: Boudinage of a band of lean iron formation,
internally cut by quartz-filled extension gash.

fragmented in response to buckling 
a 'false fragmental' rock. Iron

Plate 71: Chert beds, 
and creating 
formation trenches northeast of the Huronian Mine

PLate 72: Mafic pyroclastic breccia with angular clasts of 
amygdaloidal metabasalt. Fisher Lake.
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248Plate 73: Intermediate ashflow tuff with light coloured 
pumice fragments. Huronian Mine map area.

Plate 74: Hornblende phenocryst-rich mafic metavolcanic 
rock, locally containing fragments of the same 
source. Minoletti trenches. Dark patch in the 
centre of the photograph reflects dampness rather 
than a fragment.

Plate 75: Unsorted, clast-supported conglomerate with 
fragments of feldspar porphyry (light), 
hornblende-phyric metavolcanic rock, and the 
older metabasalt shown in right foreground. 
Hornblende-phyric dyke with chilled margin cuts 
conglomerate in left background.

Plate 76: Clasts of hornblende-phyric metavolcanic rock 260 
and variable altered metabasalt in conglomerate.

257

Plate 77 Closeup of cut surface of polymictic conglomerate 260 
showing the fracture-bound metabasalt fragments, 
some of which display the epidositic hairline 
fractures which preceded disaggregation.

Plate 78 Closeups of fractures in pillowed metabasalt 
between sheared pillow margins in southwest 
central part of Huronian Mine map area in vicinity 
of conglomerate. 78a: Typical appearance of 
weathered surface. 78b: Cut surface showing fresh 
surfaces of the fracture-bound metabasalt domains 
with variable epidositic alteration.

Plate 79: Small scale secondary shear zones formed in
metadiabase bodies between the highly schistose 
contact zone and the less deformed interior. 
Beaver ponds area, Huronian Mine map area.

Plate 80: Gently southwest-plunging mineral and mineral 
aggregate lineations in shear plane foliations 
in the core of one of the shear zones of the 
Beaver Pond trenches. Looking southeast.
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Plate 81: The southwest vertical wall of a trenched vein 272 
- shear system in the Minoletti zone showing the 
auriferous quartz vein dipping more steeply than 
the northwest-dipping foliations of the walls.

Plate 82: Flat outcrop of auriferous quartz-carbonate vein 272 
of the Beaver zone showing schistosity swinging 
counterclockwise into vein wall at a very low angle, 
and the quartz-filled extension gashes confined to 
the deformed vein.

Plate 83: "Mobile Zone" outcrop in the Huronian Mine 274 
townsite, showing fragmented and deformed ribbon 
veins which are sinistrally offset and transposed 
into the foliation plane. In contrast to the 
strong schistosity of the main ductile shear zones, 
the "mobile Zone" hosts to the brittly deformed 
ribbon veins shows an only moderate foliation.

Plate 84: Fractured and quartz-flooded, altered feldspar 285 
porphyry with abundant fine grained pyrite. Trench 
M-3, Minoletti zone.

Plate 85: Photomicrograph showing albite stringers in
highly altered feldspar porphyry. Sample 84 LBC 
646. Cross polarized light.

285

287

Plate 86: Narrow, folded, magnetite-rich fracture fillings 287 
in altered latite pod, Minoletti ridge outcrop.

Plate 87: A typical example of quartz 4- carbonate H- albite 
vein with inclusions of brecciated host rock. The 
vein contains pyrite, galena, and telluride, 
whereas the breccia fragments contain only fine 
grained pyrite.

Plate 88: Initial stages of silicification along small 
scale fractures in metabasalt. Snodgrass Lake.

Plate 89: Advanced stage of silicification of metabasalt, 
with vesicles still containing relics of largely 
weathered-out pyrite. Snodgrass Lake.
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Plate 90: Fragmental rock with fragments of massive 
sulphide (lower centre), silicified rock, 
metabasalt, and intermediate tuff.

298

Plate 91: Apophyses of Moss Lake stock emplaced along the 305 
strong foliation planes of felsic metavolcanic rock. 
Both apophyses and host are affected by a 
crenulation counterclockwise to the strong foliation.
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Plate 92: Fissile zones (centre photo) in fine grained, 309 
hornblende metagabbro-diorite which is unfoliated 
outside the fissile zones. Tandem Resources- 
Storimin Exploration Ltd. outcrop and trenches, 
Snodgrass Lake.

Plate 93: Cut surface of hornblende metadiorite showing 309 
dilational fracturing. Tandem Resources-Storimin 
Exploration Ltd. outcrop and trenches.
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ABSTRACT

A two year study of the setting of gold mineralization in 

the western part of the Shebandowan Greenstone Belt consisted of 

an investigation of three geographically and geologically 

distinct areas containing gold occurrences: (1) an area along 

Highway 11 near the northern perimeter of the belt; (2) the Jalna 

claim block in Duckworth and Laurie Townships near the 

gradational contact with an encircled gneissic-plutonic terrane; 

and (3) the Huronian Mine - Snodgrass Lake area in the 

southwestern arm of the belt. The study involved, first, field 

mapping and petrography to examine the regional stratigraphy, 

structure, metamorphism, and alteration, and secondly, an 

evaluation of the setting of the gold occurrences in this 

framework.

The Highway 11 study area is underlain by mafic and 

subordinate felsic metavolcanic rocks with minor interflow 

metasedimentary rocks and metadiabase, intruded by the 

Shebandowan Lake tonalite pluton and smaller bodies of feldspar 

porphyry and quar tz-phyric trondhjemite. Later intrusions include 

lamprophyre, and quartz syenite (latite), the latter possibly 

subvolcanic to f Timiskaming-type' metavolcanic rocks and 

interbedded metasedimentary rocks east and south of the area. 

These rocks were deformed along numerous, northeasterly to
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easterly trending, now carbonatized and sericitized shear zones 

with an initial sinistral, southeast-side-up shear sense, and 

then further deformed by more easterly to southeasterly trending, 

minor fault and shear zones of opposite sense. The 

carbonatization may have continued from the earlier shear regime 

to the later, and was followed by the introduction of quartz in 

multiple veins and stockworks which carry most of the gold values 

in the area. The siting of the veins was likely influenced by the 

interference of the later shear/f raeture regime with the earlier 

shears, along which hydrothermal circulation was already 

established.

The Jalna claim block is underlain by a felsic metavolcanic 

complex (predominant), mafic metavolcanic rocks, assorted 

breccias of mixed parentage, conglomerate, and a series of mafic 

to felsic intrusions. Episodes of intense fracturing and 

concomitant alteration resulted in zones of abundant sericite and 

disseminated pyrite, as well as more localized actinolite veins, 

sited mainly in the felsic metavolcanic complex. The pyritiferous 

rocks are auriferous. An anomalous abundance of tourmaline is 

more widely distributed throughout the fractured terrane. Some 

of the mafic intrusions were also involved in intense brecciation

and alt e rat ion .

.

The Huronian Mine - Snodgrass Lake area is underlain by 

mafic to intermediate and felsic metavolcanic rocks, iron

xlix





formation, and me tad i abase, cut by feldspar-quartz porphyry, 

hornblende diorite, and lamprophyre dykes and stocks, and 

overlain by hornblende phyric mafic metavolcanic flows and 

conglomerate. The Moss Lake leucogranite-syenite stock was 

emplaced after the main stages of deformation and alteration 

which affected these rocks. The Huronian Mine area, like the 

Highway 11 area, was affected by numerous carbonatized and 

sericitized ductile shear zones of sinistral displacement sense, 

along which extensive auriferous vein systems are located. 

Fe-carbonatization is particularly extensive around the Huronian 

Mine itself. Similar ductile shear zones are present in the 

adjacent Snodgrass Lake area. However, the main gold occurrence 

in the latter area is sited in the interference zone between the 

altered shear zones and a later, brittle fault, and is hosted by 

sheared and fractured, calcite-impregnated, hornblende 

metagabbro-tonalite body intrusive into felsic metavolcanic 

rocks.
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Section l INTRODUCTION 

1*1 Site and Scope of Project

The Shebandowan Greenstone Belt stretches 105 km west from 

Thunder Bay in northwestern Ontario (Figure 1). The western part 

of the belt surrounds the 40 km long Shebandowan Lake system, and 

extends southwest across a narrow granitoid intrusion to a 

smaller greenstone belt which follows the Canada - U.S.A. border 

from Saganaga Lake through Knife Lake. Being on a historical 

trade route linking Upper Canada with the west via the Great 

Lakes, the area has long been accessible to prospectors and 

promoters. The North Coldstream (Tip Top) copper mine, discovered 

in the 1870 f s, was brought into production in 1903 (Giblin 1964), 

and the Shebandowan nickel-copper deposit was discovered in 1913 

(Cross 1920, Watson 1929a). One of the earliest gold mines in 

northwestern Ontario, the Huronian (Ardeen, Moss, Kerry) Mine, 

was discovered in the southwestern arm of the belt in 1870 

(Watson 1929b), and produced 29,629 ounces of gold and 170,463 

ounces of silver between 1932 and 1936 (Schneiders and Dutka 

1985) when bankruptcy was declared (Harris 1970). Another gold 

occurrence on Gold Creek in Duckworth Township, initially 

referred to as the 'Quartzite mine', was discovered prior to 1900 

(Coleman, 1896).
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Access to the northern perimeter of the belt is provided by 

Highway 11 from Thunder Bay, and numerous auxiliary roads for 

the use of cottagers, the C.N.R., loggers, and the Shebandowan 

Mine on the south shore of Lower Shebandowan Lake (Figure 1). 

The southwestern arm of the belt can be reached via Highway 802 

to Burchell Lake, and Great Lakes Paper Company roads, which now 

extend toward Saganaga and Sagonagons Lakes (Figure 1). Many new 

lumber roads, currently under construction, promise excellent 

access to this part of the belt in the near future. Duckworth 

Township is most accessible from the south, also via lumber roads 

(Figure 1).

This project is an investigation of the setting of gold 

mineralization in the western half of the belt, involving a 

li thological, stratigraphic and structural study of selected 

areas of known gold potential carried out between June 1984 and 

April 1986. The intent of the investigation was to provide a 

comprehensive geological description of the area, to recommend 

follow-up studies which might further the understanding of the 

process of gold concentration, and to seek methods of predicting 

favourable exploration targets either from geological data which 

is presently available or which can in future be gathered and 

displayed to the explorationist's advantage. Time was split 

between small scale regional mapping and property examination, 

with an emphasis on the mapping.

The following report first summarizes what is known about 

the general geology of the greenstone belt as a whole, and



outlines gold exploration guidelines proposed before the start of 

this project. This is followed by the results of the 

investigation of three separate areas of the belt: the area along 

Highway 11 from Middle Shebandowan Lake to Lower Shebandowan 

Lake, the Jalna Property on southern Gold Creek in Duckworth and 

Laurie Townships, and the Huronian Mine-Snodgrass Lake area in 

Moss Township in the southwestern extension of the belt. Finally, 

the main conclusions and recommendations are summarized. The 

geochemistry of the magmatic, mineralized, and altered rocks is 

given in Appendix I.

1.2 Previous Mapping

The western part of the Shebandowan Greenstone Belt was 

first mapped by Tanton (1938), and later incorporated into a 

1:253,440 compilation map by Pye and Fenwick (1965). Several 

areas within the belt (Figure 1) were remapped on a 1:31,680 

scale (Giblin 1964, Hodgkinson 1968, Harris 1968 1970, Morin 

1970). Srivastava and Fenwick (1973) produced a 1:15,840 scale 

preliminary map of part of Duckworth Township. Many university 

studies (Weinstock 1973, Beakhouse 1974, Bau 1979, Stott and 

Schwerdtner 1981, Morton 1982, Brown 1985a, Stott 1985) have 

produced more detailed and/or more specialized maps of parts 

of the greenstone belt (Figure 1).

The Shebandowan Greenstone Belt and surrounding areas are to 

be included in a revised 1:250,000 scale compilation map of the



Atikokan-Lakehead area, which was begun by C.S. Kustra and J 

Scott of the Resident Geologists Office, Ontario Ministry of 

Northern Development and Mines, Thunder Bay. Additional 

reconnaissance is now in progress (Thurston 1983 1984, 

Percival 1983).



Section 2 GENERAL GEOLOGY

2.1 Regional Setting

The Shebandowan Greenstone Belt forms part of the Wawa 

Subprovince of the Superior Province of the Canadian Shield 

(Inset, Figure 2) . The Wawa Suhprovince extends eastward through 

Thunder Bay to the eastern side of Lake Superior. The western 

half of the greenstone belt, characterized by greenschist facies 

metavolcanic rocks, partly encircles a terrane of plutonic and 

amphibolite facies gneissic rocks to the south (Inset, Figure 2), 

referred to as the Sunbar-Batwing Lakes Complex (Schwerdtner and 

Goodwin 1977). The me tasedimentary Quetico Subprovince abuts the 

Shebandowan belt to the north, and Proterozoic rocks 

unconformably overlap the southern part of the greenstone belt 

and the Suribar-Batwing Lakes Complex.

2.2 Rock Units

The Shebandowan Greenstone Belt is predominantly underlain 

by metavolcanic rocks, which have been divided into two broadly 

contrasting age groups: (1) older metavolcanic suites with 

proportionally subordinate metasedimentary intercalations, 

thought to be older than about 2700 Ma; and (2) younger 

metavolcanic assemblages associated with voluminous Figure 2
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me tasediraentary rocks, both thought to be younger than 

2700 Ma. The younger metavolcanic and me tasedimentary rocks, 

which lie unconformably on the older metavolcanic rocks and 

appear representative of a different depositional environment, 

are referred to as 'Timiskaming-type f in this report for 

expedience, corresponding to the terminology used to the east by 

Carter (1984, 1985).

The older metavolcanic terrane can be divided into three 

main associations: (1) a mafic metavolcanic association which 

locally includes ultramafic flows and iron formation (Morton 

1982); (2) mafic to intermediate pillow lava and pillow breccia 

with associated iron formation and interflow sedimentary rocks, 

associated locally with pyroclastic rocks; and (3) felsic 

volcanic complexes, including abundant pyroclastic rocks and 

subvolcanic, intrusive to extrusive, rhyolite domes and 

porphyries. Previous mapping showed that felsic metavolcanic 

rocks are concentrated in the northwestern corner and extend as a 

coherent strip down the southwestern arm of the greenstone belt; 

they are also exposed in Duckworth Township (Figure 2). Although 

the mafic-ultramafic association is known to be exposed on the 

southern side of Lower Shebandowan Lake (Morton 1982), previous 

mapping did not reveal whether these rocks are exposed elsewhere 

in the west part of the Shebandowan belt. A 2732 +10/-2 Ma U/Pb 

zircon age has been determined for a feldspar porphyry dyke or 

sill cutting mafic metavolcanic rocks north of Middle Shebandowan 

Lake (Corfu and Stott 1986). This age is consistent with the



assumed pre-2700 Ma age assumed for the older metavolcanic 

sequences.

Several belts of alluvial to fluviatile sedimentary rocks 

and associated calc-alkaline to alkaline volcanic rocks, 

Timiskaming-type sequences, unconformably overlie the 

older succession (Tanton 1938, Brown 1985a). The volcanic rocks 

include nonmarine flow and pyroclastic rocks, consisting largely 

of hornblende- and plagioclase-phyric basalt, andesite, and 

dacite with subordinate, more potassic shoshonite and latite 

(Shegelski 1980, Carter 1984 1985). These rocks are extensively 

exposed in the eastern half of the Shebandowan Greenstone Belt 

(Pye and Fenwick 1965, Brown 1985b), where Carter (1985) has 

recently identified a f Timiskaming-type f volcanic centre. 

Outliers of both volcanic and sedimentary rocks have recently 

been found in the westernmost part of the belt (Chorlton 1985, 

P.C. Thurston, geologist, Precambrian Geology Section, Ontario 

Geological Survey, personal communication, 1985). A pyroclastic 

breccia from one of these volcanic and sedimentary associations 

along the Shebandowan Mine Road yielded a U/Pb zircon age of 

2689.3 -1-2.57-2.2 Ma, and a 2704.1 +1.8/-1.6 Ma date on a 

trondhjemite clast in a nearby conglomerate provides a maximum 

age for deposition of the associated sedimentary rocks (Corfu and 

Stott 1986).

The earliest intrusive rocks, which include metadiabase, 

metadiorite, and ultramafic to anorthositic intrusions 

pervasively metamorphosed to greenschist facies, are considered



broadly coeval and possibly comagmatic with the older 

metavolcanic rocks.

Later intrusions include trondhjemitic to quartz dioritic 

feldspar and feldspar-quartz porphyries and larger trbndhjemitic 

to quartz dioritic intrusions. A U/Pb zircon date of 2696 

+2.4/-2.S Ma has been determined for the largest quartz diorite 

intrusion, the Shebandowan Lake pluton (Corfu and Stott 1986). 

The younger felsic intrusions are more potassic, and consist of 

granite and quartz syenite. The younger mafic intrusions include 

hornblende, and rarely biotite, lamprophyre dykes and plugs, 

hornblende diorite, and commonly composite, ultramafic to felsic 

intrusions (Stern 1984, Percival et al. 1985). Relatively 

fresh, tholeiitic diabase dykes are the youngest intrusions in 

the area.

To the north and northwest of the Shebandowan Greenstone 

Belt lies the Quetico Subprovince, underlain by upper greenschist 

to amphibolite facies me tagreywackes and derivative migmatite, 

which were probably turbiditic sediments (Percival e t al. 1985), 

grading locally into extensive granitoid rock. The 

raetasedimentary rocks are cut by metadiabase bodies similar to 

those cutting the greenstone belts (e.g. Harris 1970, Giblin 

1964, Carter 1985). The metasedimentary and granitoid rocks were 

intruded by potassic granite to syenite plutons and locally 

composite mafic complexes (cf. Giblin 1964, Harris 1970, Percival 

and Stern 1984, Percival et al. 1985). A preliminary 2743 +J- 

16 Ma U/Pb zircon age on a granitoid sheet intruding the
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metagreywackes north of Shabaqua suggests that the 

metasedimentary rocks may be broadly coeval with the older 

metavolcanic successions of the greenstone belts to the north and 

south (Percival and Sullivan 1986).

The contact between the Quetico and Wawa Subprovinces has 

been interpreted by Hodgkinson (1968) and Morin (1973) as a fault 

in the northern part of the Shebandowan Greenstone Belt (the 

Postans Fault: Figure 2), although Quetico metasedimentary and 

Shebandowan metavolcanic rocks are shown as in terfingered along 

the western boundary of the belt (Harris 1968 1970, Giblin 1964), 

and in unfaulted contact east of the study area (Carter 1985).

The Sunbar-Batwing Lakes Complex to the south of the 

greenstone belt comprises massive to foliated tonalite to granite 

and gneisses of.at least partly metavolcanic origin, cut by 

potassic granite plutons and composite plutons ranging from 

syenite to gabbro (Percival 1983, Stern 1984, Percival et al. 

1985). Although the brief reconnaissance by Percival (1983) has 

updated this part of the Atikokan-Lakehead sheet, much of this 

terrane has never been mapped. Its contacts with the greenstones 

are portrayed as intrusive in some places, and faulted in others, 

or both (e.g. Harris 1968 1970, Hodgkinson 1968, Schwerdtner et 

al. 1979). The relationship between the gneissic enclaves in the 

granitoid terrane and the metavolcanic rocks of the greenstone
4

belt is unknown (e.g. Harris 1968), although enclaves near the 

edge of the complex are thought to be continuous with the 

greenstones (J. A. Percival, geologist, Geological Survey of
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2.3 Structural History

Most geologists who have addressed the structural

development of the western Shebandowan Greenstone Belt agree that 

the older metavolcanic and me tasedimentary rocks have been 

affected inhomogeneously by at least three deformational episodes 

(Bau 1976 1979, Stott and Schwerdtner 1981, Morton 1982). 

Slightly different interpretations of the nature of these events 

arise from different approaches taken and from variations in 

field evidence available in different areas. As in most other 

polydeformed terranes, a comprehensive, belt-wide synthesis 

awaits further work to bridge between study areas and reconcile 

conflicting evidence, in addition to independent calibration of 

the timing of structural effects in several sections of the 

terrane .

Bau (1975 1976) defined several deformational events in the 

northwestern corner of the Shebandowan belt and in the adjacent 

Quetico belt (Figure 1). The early, major event produced a 

strong, steep, penetrative foliation in the Shebandowan 

greenstones, and the second was associated with the development 

of the wes t-1 rending, dextral Quetico Fault to the north of the 

belt (Figure 2). Both events were attributed to an overall 

northwest-southeast crustal shortening. Late stage deformation is 

represented by kink bands and minor faults across the regional
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grain produced by stratigraphy and previous foliations. Bau 

(1975 1979) suggested that the many fault and shear systems 

observed in the area could be grouped as a northeasterly to 

northerly trending sinistral set, and a westerly to northwesterly 

trending dextral set. In the latter, he included the prominent 

Quetico and Crayfish Lake Faults (Figure 2).

Morton (1982) attributed isoclinal nappes in the Shebandowan 

Mine area (Figure 2) to D(l). The nappes were then folded 

during D(2) about steep, east-trending, D(2) axial planes. 

D(3) caused gentle warping about a north-trending axial plane.

Stott and Schwerdtner (1981) and Stott (1985) concentrated 

on the regional strain geometry, particularly the orientation of 

lineations and other variations in strain fabric. They were able 

to map numerous coherent spatial domains (Figure 3) of two 

basic strain geometries; one type characterized by well 

developed, moderately west- to southwest-plunging lineations, 

foliations largely parallel to bedding, and local isoclinal folds 

with steep axial planes, and a second type characterized by 

relatively prominent foliations and by weakly developed, gently 

to moderately, east-plunging lineations that commonly steepen 

close to strain domain boundaries. They concluded that the second 

type represented the heterogeneous overprint of a second 

deformation (D(2)) on an earlier one (D(l)), and that both 

deformational imprints were locally overprinted by asymmetric 

folds and kink bands related to a relatively minor D(3) event. 

The pre-D(2) North Coldstream Mine (massive sulphide) and
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Shebandowan Mine (Cu-Ni) orebodies were observed to 

lie within D(2) domains, and accordingly plunge eastward, 

parallel to D(2) stretching lineations; deformation of the 

orebodies was thus inferred. Stott and Schwerdtner (1981) 

suggested that the boundaries between D(l) and D(2) strain 

domains, definable only through careful mapping of tectonic 

fabrics, could represent structural discontinuities of potential 

importance to late tectonic gold mineralization.

Corfu and Stott (1986) have calibrated D(l) and 

D(2) geochronologically by dating the post- or syn-D(l) 

Shebandowan Lake pluton (2696 +2.A/-2.3 Ma U/Pb zircon); the post 

D(l), pre-D(2) 'Timiskaming-type f volcanic and sedimentary 

rocks (2689 +2.S/-2.2 Ma U/Pb zircon); and the post-D(2) 

Burchell Lake pluton (2684 +10/-7 U/Pb zircon and sphene). Corfu 

and Stott (1986) and Stott (1985) further correlate D(2) and 

the depositon of the 'Timiskaming-type f sequences with the widely 

recognized period of late Archean crustal shortening between 2700 

and 2680 Ma, which is manifested as zones of transpression 

(Harland 1971) near subprovince boundaries, and with shallowly 

plunging upright folds which refold earlier recumbent structures 

in the metasedimentary subprovinces. Thus Stott (1985), like Bau 

(1979), links the D(2) deformational event with activity on the 

Postans and Quetico Faults, both partial boundaries of the 

Quetico subprovince.

As the Sunbar-Batwing Lake Complex is approached, several 

contact strain aureoles related to late to post-tec tonic ,
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antiformal, crescentic plutons (Schwerdtner et al. 1979) have 

resulted in the steepening of stretching lineations of D(l) and 

D(2) domains (Stott and Schwerdtner 1981). These intrusions 

and their aureoles would constitute a variety of second order 

diapir, envisaged as superimposed on a more extensive first order 

diapir represented by the upwelling of the older parts of the 

Sunbar-Batwing Lake Complex (Schwerdtner et al. 1979).

It is generally agreed that the late stages of regional 

deformation, largely D(2), relate to northwest-southeast 

crustal shortening and a large scale conjugate shear system. 

Evidence of major crustal shortening is found elsewhere in the 

northwestern Superior Province, and interpreted to he the result 

of coaxial shortening along a northwest-trending axis following a 

period of crustal thickening (Schwerdtner et al. 1979, Park 1981, 

Poulsen 1981 1983, Hugon 1984, Stott and Wallace 1984). The main 

disparities among these studies are the nature and significance 

of the earlier event. Stott and Schneiders (1983) considered D(l) 

to be related to the first order diapirism of the gneiss terrane 

to the south, and identified it with steep, upright folds with 

steep axial planes. Bau (1979) considered D(l) to be part of the 

northwest-southeast compression and shortening. Morton (1982) 

suggested that D(l) involved the formation of nappes, or 

recumbent folds near the Shebandowan Mine. Stott and Schwerdtner 

(1981) suggested that the same folds were upright folds, plunging 

steeply west to southwest with steep axial planes.
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2.4 Regional Metamorphism

The older metavolcanic rocks and metadiabases along the 

north part of the western Shebandowan Greenstone Belt and within 

a strip of greenstone north of Saganaga Lake (Figure 2) have been 

thoroughly converted to middle greenschist facies assemblages, 

although some of the metavolcanic rocks south and east of Lower 

Shebandowan Lake are only partly metamorphosed. The mafic 

metavolcanic rocks are characterized by chlorite -f/- actinolite -f 

epidote + albite -f quartz -f/- calcite + X- sericite; the 

metadiabases, by actinolite -f- saussur i t ized plagioclase -f quartz 

+ leucoxene * magnetite; and the felsic rocks, by albite * quartz 

* sericite + chlorite -l- epidote (Giblin 1964; Harris 1968; 

Hodgkinson 1968; Morin 1973; Bau 1979). The metamorphic grade is 

somewhat higher near large plutons, near the Sunbar-Batwing Lake 

Complex (Giblin 1964; Harris 1968), and where the metavolcanic 

rocks are interleaved with the Quetico me tasedimentary rocks 

(Giblin 1964). The regional metamorphic grade appears to be 

slightly higher across the southwestern arm of the greenstone 

belt, where metamorphic biotite appears in both mafic and felsic 

volcanic rocks (Giblin 1964; this study). This is also apparent 

in the Gold Creek area of southern Duckworth Township.

The f Timiskaming-type' metavolcanic rocks, the intrusive 

porphyries, and the Shebandowan Lake pluton show varying degrees 

of metamorphic reconst itut ion . Igneous hornblende in these rocks 

may be completely or partly preserved, or may be recrystall i zed
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to the same mafic minerals which occur in the nearby older 

metavolcanic rocks, namely chlorite -f carbonate + biotite or 

tremolite/actinolite in the Huronian Mine area of the 

southwestern arm, or one of chlorite 4- sphene 4- epido'te, 

carbonate 4- chlorite, or tremoli te/ac tinoli te in the northern 

part of the belt.

Local zones of pervasive carbonatization, first documented 

by Morin (1973), form ankerite 4- sericite 4/- chlorite schists in 

mafic metavolcanic rocks, metadiabases, and felsic intrusions. 

Broad zones of carbonatization and sericitization occur locally 

between the schistose zones.

The Quetico rae tasedimentary rocks are reported to vary from 

middle greenschist facies (chlorite-muscovite zone) at the 

Shebandowan-Quetico boundary, through lower amphibolite facies 

(staurolite and game t-andalus i te zones), into high grade, 

locally cordierite 4-/- silliraani te-bear ing migmatites in the core 

of the belt (Harris 1968 1970, Bau 1979). This metamorphic 

sequence is indicative of low pressure metamorphism, and 

post-metamorphic unroofing of jC 10 km (Percival et al. 1985). 

Again, there is a weak development of biotite with 

chlorite and sericite along the boundary of the me tasedimentary 

rocks with the southwestern arm of the greenstone belt (Harris 

1970).
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Section 3 PREVIOUSLY-PROPOSED GOLD EXPLORATION GUIDELINES

The western part of the Shebandowan Greenstone Belt hosts 

many gold showings (Springer 1978), the majority associated with 

quartz veins, and many also with feldspar porphyry intrusions 

(see Schneiders and Dutka 1985, Brown 1985b). The belt displays 

features used as indicators of gold potential in other gold camps 

(Colvine 1983, Colvine et al. 1984), including ankeritic and 

sericitic alteration seen in schistose zones along Highway 

11, pervasively carbonatized and sericitized feldspar porphyry, 

quartz-carbonate veining, and numerous shear and fault zones 

(Stott and Schneiders 1983).

Stott and Schwerdtner (1981) stressed the importance to gold 

deposition of an "exploration mix" involving structural 

discontinuities such as D(l) - D(2) strain domain boundaries 

in the Shebandowan area and other favourable gold sources and/or 

environments. The proximity of these structural discontinuities 

to both the Shebandowan Lake pluton and 'Timiskaming-type' 

strata, thought to be important by analogy to the Kirkland-Larder 

Lakes and Porcupine gold camps, was emphasized.

This idea was expanded and modified by Stott and Schneiders 

(1983), who demonstrated that all of the known gold occurrences 

in the Shebandowan Lakes area are located within or marginal to 

D(2) strain domains (Figure 3). It was suggested that the well- 

developed foliations and the presence of numerous shear zones,
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which characterized D(2) domains, were strong factors in 

enhancing permeability and controlling the siting of auriferous 

quartz-carbonate veins. Because many of the gold occurrences are 

vein-related, a future study of the style and mechanisms of 

veining, shear displacement sense, and timing as indicated by 

vein geometry in the context of the regional structural geology, 

was strongly recommended (Stott and Schneiders op. ci t.).

Schneiders and Dutka (1985) re-emphasized these findings, as 

well as the possible role of the Shebandowan Lake pluton as the 

source of the quartz and carbonate emanations which accompany 

gold-pyrite mineralization in the area.

From this work, it was obvious that carbonatized fissile 

zones in D(2) domains should be investigated, with particular 

attention paid to alteration, localization of veining, timing, 

and field relationships with altered porphyries and the 

Shebandowan Lake pluton. Therefore, one of the project areas 

selected for this study was along Highway 11 west of the town of 

Shebandowan, a typical D(2) domain encompassing part of the 

Shebandowan Lake pluton (Figure 3). The area surrounding the 

Huronian Mine along the southwestern arm of the greenstone belt 

was chosen because it encompassed a former gold producer of the 

vein type, and several other gold occurrences (Figures 2, 3). An 

auriferous terrane near the 'Quartzite mine 1 on Gold Creek in 

southern Duckworth Township (Figure 2) was selected as a third 

project area because it differed from the other areas in showing 

pervasive alteration and pyritization away from veins and
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prominent shear zones and faults.
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Section 4 HIGHWAY 11 STUDY AREA 

4-1 Scope of the Investigation

The Highway 11 study area extends from Postans Lake to the 

Town of Shebandowan (Figure 4 back pocket), and constitutes part 

of one of the D(2) domains (Stott and Schwerdtner 1981, Stott 

1986). It encompasses several-well known gold showings as well as 

numerous fissile, ankeritic, alteration zones thought to indicate 

regional gold potential (Section 3).

There were three parts in the investigation of this area:

(1) a petrological study of the rock types exposed in the 

area to characterize their obviously variable alteration states, 

and the affinities of specific alteration types to specific rock 

units or structures.

(2) an overall structural synopsis to investigate the timing 

of formation and kinematic significance of the fissile zones.

(3) an assessment of the setting of gold occurrences in

the study area within the framework provided by (1) and (2).

4

Figure 4 (back pocket) is a 1:15,840 scale map of the

Highway 11 study area which emphasizes structural features

revealed during this study. Detailed examinations were made of
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well-exposed outcrops along roads and within the best-exposed 

gold properties, and the data used to modify the geology compiled 

from the mapping of previous workers (Hodgkinson 1968, Morin 

1972). Many parts of the map area have gaps in exposure due to 

deep overburden, and constraints on the actual positions of 

contacts and significant structures are poor; thus, the main 

contribution of Figure 4 is an illustration of geometrical style.

4 . 2 Geological Overview

The oldest rocks in the Highway 11 study area are 

metamorphosed basaltic to andesitic pillow lavas, pillow 

breccias, rare massive flows, and interflow sedimentary rocks 

(Figure 4). Pillow lavas consistently face north or northeast. 

Felsic metavolcanic lenses, consisting of rhyolitic flow and 

pyroclastic rocks, are exposed in the western half of the belt. 

Rare metasedimentary bands containing feldspathic detritus within 

the pillow lava - pillow breccia sequence suggest that the mafic 

and felsic rocks may have been deposited near one another, and 

that felsic rocks may have been present at the time of deposition 

of the mafic rocks. However, this and previous studies show many 

shear and fault zones throughout the area (Section 2.3), and 

therefore stratigraphy is probably somewhat dismembered.

Two patches of highly deformed breccia-conglomerate, 

containing intensely to moderately altered fragments of the 

metavolcanic suite and fragments of massive sulphide, are exposed
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in the eastern half of the area. It is not known whether these 

are broadly coeval with neighbouring metavolcanic pillow lava and 

pillow breccia or belong to a later tectonic interval.

Both felsic and mafic metavolcanic rocks are cut 'by 

metadiabase bodies, also partly dismembered. Criteria by which 

massive, coarse grained metabasalt flows may be distinguished 

from metadiabase intrusions are rarely observed, and many workers 

consider the metadiabase bodies to be comagmatic with the older 

metavolcanic suites.

The metadiabases and metavolcanic rocks are in turn cut by 

dacitic or quartz dioritic intrusions, comprising the feldspar 

porphyries, the Pistol Lake stock, and the Shebandowan Lake 

pluton. Several reddened, hornblende-phyric latite or quartz 

syenite dykes also cut the metavolcanic and rae tadiabasic terrane 

in the eastern half of the area. Lamprophyre dykes are among the 

youngest intrusions exposed in this area.

The rocks along Highway 11 are very weakly to strongly 

foliated. Competent bodies, such as the metadiabases, tend to be 

less foliated than nearby metavolcanic rocks. Deformation is more 

intense along pillow margins, in pillow.breccia units, and in 

interflow sedimentary bands than within the relatively competent 

pillows themselves. The foliation intensifies into northeasterly

to east-southeasterly striking, steeply dipping, ductile and
*

ductile-brittle shear zones (Plate 1), which occur in both 

metavolcanic rocks and metadiabases at regular intervals along 

the highway (Figure 4). Rusty-weathering iron carbonate, which
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Plate 1:
Sericite 4- ankerite +X- chlorite schist zones in 
mafic metavolcanic rocks exposed along Highway 11. 
The bleached schists lack chlorite.

Plate 2:
Silicification along small scale, interlocking fractures 
in altered metabasalt under powerline, Highway 11. 
The alteration is tentatively interpreted to precede 
both the main deformational imprint and gold 
mineralization. However, bright green muscovite, a 
common hallmark of auriferous alteration systems, is 
found in this rock.
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accompanies these ductile shear zones, is particularly evident 

over the eastern two-thirds of the area. The feldspar porphyry 

bodies, the Pistol Lake stock, the Shebandowan Lake pluton, and 

the hornblende-phyric latite dykes, as well as the mafic 

metavolcanic rocks and raetadiabases, are affected by the shear 

zones. Lamprophyre dykes within the altered shear zones are also 

intensely altered, and have undergone part of the deformation. 

Late-stage stockworks of quartz +S- carbonate +S- tourmaline 

-l-/- pyrite are exposed locally along the highway, both within 

and between ductile shear zones.

A broad zone of mafic metavolcanic rocks, extending from 

Young Ray at least as far east as Rossmere Bay, is affected by 

localized oxidation effects, including reddening and bleaching 

along primary and secondary planes of weakness and anomalous 

concentrations of magnetite. In additon, actinolite-filled 

fractures traverse both metavolcanic rocks and metadiabases in 

the eastern half of the area, from J. F. West to the Bandore 

Properties (below).

The three gold occurrences examined in this study are 

referred to as the Ray Smith, the J.F. West, and the Bandore 

Occurrences (Figure 4). The most prominent feature of the Ray 

Smith Occurrence is a gold- and sulphide-bearing quartz vein that 

accompanied minor faulting, and truncated several minor, 

northeast-1 rend ing, ductile shear zones, and is itself truncated 

by similar shear zones. On the J.F. West Property, gold 

accompanies quartz veining in the highly carbonatized and
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sericitized Pistol Lake trondhjemite stock, and locally pyritic, 

carbonatized latite dykes. Gold values in the surface trenches of 

the Bandore Occurrence are derived from narrow, deformed, 

sulphide-bearing, quartz veins and sulphide seams within and near 

a carbonatized ductile shear zone overlapping the contact of a 

feldspar porphyry intrusion.

^ 3 Mafic to Intermediate Metavolcanic Rocks 

4.3.1 General Description

In the eastern part of the area, the mafic to intermediate 

metavolcanic rocks consist mainly of pillow lava and pillow 

breccia with rare interbeds of feldspathic lapilli tuff and rare 

exposures of massive, coarse grained metabasalt that locally 

contains plagioclase glomerocrysts l to 3 cm in diameter. Most of 

the pillowed mafic flow rocks are very fine grained, with 

sparsely distributed green pseudomorphs of ferromagnesian 

phenocrysts and/or rare plagioclase phenocrysts. Some exposures 

are highly vesicular or amygdaloidal. Amygdule fillings include 

chlorite, quartz and carbonate.

West of Kabaigon Bay, the pillowed rocks are interbedded 

with a substantial proportion of interflow sedimentary rocks. 

Roadside outcrops west of Kabaigon Bay expose locally variolitic, 

feldspar-phyric and aphyric, commonly amygdaloidal, pillowed 

metabasalt and breccia. Interflow me tasedimentary beds are 10's
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of cms to several metres thick, and banded on a scale of 

centimetres. They are commonly chloritic, with subordinate 

graphitic mudstone, chert and iron formation. Some of the 

chloritic bands contain sericitized hyaloclasts; others also 

contain feldspathic detritus. Even where the adjacent pillow 

lavas are only weakly deformed, the me tasedimentary bands are 

highly schistose. Most of these highly strained sedimentary 

layers have been fractured after the formation of the 

schistosity, and the fractures contain hairline fillings of 

calcite and sulphides, mainly pyrite.

The mafic metavolcanic and associated rocks are affected by 

varying degrees of carbonatization and sericitization. Rusty 

weathering ankeritic schist zones, also affecting mafic and 

felsic intrusive rocks (described below), are prominent along the 

highway and represent the greatest degree of this type of 

alteration. However, little deformed rocks in several areas, 

particularly between Pistol Lake and the Pistol Lake trondhjemite 

stock on the J. F. West Property, are variably carbonatized as 

well. This alteration is referred to as incipient carbonatization 

in the following text: because of the lack of fissility and deep 

weathering, it is not visible in hand sample in many affected 

outcrops.

North of the Ray Smith Property, some of the metabasalt 

displays a peculiar lenticular texture on hand specimen scale 

which will be described more fully in the section on structure. 

The feature is displayed in highway outcrops of pillowed
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metabasalt and pillow breccia between chlorite-sericite schist 

zones, which may have sited the most intense deformation. Bands 

of cherty iron formation in these raetabasalts contain minor 

pyrite and bronze-weathering iron carbonate.

In addition to variations in the degree of carbonate 

alteration in the greenschist facies metabasalts, several 

exposures east of Swamp River and on the Kabaigon Bay Road 

(Figure 4) show pronounced bleaching due to silicification, 

either in cores or along rims of pillows, and concentrations of 

interpillow sulphides. Chalcopyrite, pyrite, and malachite in a 

very schistose, bleached pillow lava speckled with vivid green 

chlorite are exposed on the highway l km west of Young Bay. Fresh 

surfaces show minute, irregular networks of silicified fractures, 

flattened during the development of schistosity (Plate 2). Unlike 

the carbonatization, the silicification is restricted to pillow 

lavas, and nowhere accompanies throughgoing planar fractures that 

are clearly late stage. Through lack of evidence to the contrary, 

this alteration is assumed to be an early, synvolcanic feature.

The mafic metavolcanic rocks in an area extending from Young 

Bay through the J.F. West Property, at least as far as Rossmere 

Creek, locally contain visible concentrations of murky green 

epidosite along hairswidth, blind veinlets and extension gashes 

(Plate 3), and anomalous concentrations of magnetite or hematite. 

Chlorite -f-/- epidote and fine grained magnetite enrich pillow 

selvedges, and are concentrated along narrow fractures. These 

mafic segregations are commonly surrounded by bleached, reddened
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Plate 3:

Hairline epidositic extension gash arrays (upper right) 
in metabasalt, also showing oxidation and bleaching

along more throughgoing fractures and planes of 
weakness .

Plate 
Broad

4:
pink weathering, oxidized and bleached zone along 

a contact in pillowed metabasalt (upper left corner).
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haloes, reflecting enrichment in secondary sericite, oxidation, 

and depletion of chlorite. These reddened zones may be several 

centimetres wide (Plate 4). Magnetite also occurs as patchy 

concentrations, in places a centimetre or more in diameter, 

within pillows or massive metabasalt. In addition, late fractures 

are filled with magnetite, or more commonly specular hematite. 

Pyroclastic lenses immediately east of the Pistol Lake stock 

contain many epidotized metabasalt fragments and fewer 

magnetite-coated fragments in a matrix rich in epidote, chlorite, 

and magnetite, the latter concentrated along fragment margins and 

internal fractures. In adjacent outcrops, magnetite 

concentrations in interpillow junctions penetrate along late 

stage fractures into pillow cores, where the magnetite decreases 

rapidly in favour of hematite. Because of the continuity of 

magnetite alteration from primary zones of weakness to tectonic 

fractures (Section 4.14.3.4), it is likely that part of this 

alteration behaviour, at least the mobilization or remobilizat ion 

along fractures, is related to a post-volcanic stage in the 

structural development, but the timing is as yet uncertain.

4.3.2 Petrography 

4.3.2.1 General

Both the phenocrysts and matrices of metabasalts and 

meta-andesites have been recrystallized to greenschist facies
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metamorphic assemblages. Matrix mineralogies are variable, 

probably because of variability in primary composition and 

extreme heterogeneity of incipient carbonate alteration. The 

petrographic descriptions below begin with the least ' 

penetratively deformed and altered samples, which are considered 

to reflect 'background* alteration, followed by samples showing 

the effects of both incipient and advanced carbonatization.

4.3.2.2 Least Penetratively Deformed and Carbonatized 

Me tabasalts

Phenocrys ts; Phenocrysts are generally sparse, and were 

probably pyroxene, which predominates in the eastern pillow 

lavas, and plagioclase, which locally predominates in the pillow 

lavas in the western part of the area. The ferromagnesian 

phenocrysts are commonly altered to intergrowths of chlorite 

 f/- leucoxene +S- epidote -f/- actinolite +J- calcite, and 

locally to fibrous tremolite/actinolite. Plagioclase is either 

lightly sericitized or contains patches of very fine grained 

clinozoisite (saussurite).

Groundmass: Groundmasses commonly display radiating 

intergrowths of plagioclase microlites. The groundmasses of the 

least carbonatized rocks consist of albite -f quartz + chlorite * 

epidote +J- actinolite -l- leucoxene/magne t i t e . The leucoxene is 

clearly sphene in many cases, but is indeterminant in others. 

Some rocks display limited sericitization, particularly near late
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fractures or microshears, which may also contain minor 

stilpnomelane and limonite staining.

Amygdules: Amygdules generally consist of narrow rims of fine 

grained quartz and cores of chlorite 4- carbonate, or chlorite 4 

epidote. A few amygdules in many metabasalts contain, instead, 

fillings of chlorite or chlorite 4- epidote rims and 

polycrystalline quartz.

Variolites; Pale, ovoid variolites in the western pillow lava 

outcrops are enriched in highly saussuri tized plagioclase with 

interstitial, fine grained quartz, albite, and minor actinolite 

in an otherwise typical groundmass of actinolite + chlorite 4- 

epidote + quartz 4- albite 4 leucoxene.

Coarse grained metabasalt flows show textures and mineralogy 

gradational to the metadiabases described below. Sparse 

plagioclase phenocrysts are enclosed in a matrix of interlocking, 

patchily saussuri tized plagioclase laths and bladed 

tremolite/actinolite, with abundant accessory skeletal 

magnet ite/sphene pseudomorphs after grains of titaniferous 

magnetite.

A.3.2.3 Incipient Carbonatization

As already mentioned, even between the carbonate-sericite 

schist zones metabasalts have commonly been variably 

carbonati zed. In weakly deformed rocks between shear zones,
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carbonate is concentrated along and next to late fractures. In 

moderately to highly altered rocks of the Pistol Lake - J.F. West 

area (Figure 4), the carbonate is mostly ankerite, and chlorite 

rather than actinolite is the main ferromagnesian silicate 

mineral present. Coarse clots of epidote/allanite in the matrix 

appear fuzzy and unstable, and saussurite patches in plagioclase 

disappear entirely. Plagioclase is lightly to moderately 

sericitized, and sericite is more prominent in the matrix than in 

less carbonatized rocks. In altered, coarse grained metabasalts 

east of Pistol Lake, leucoxene forms skeletal pseudomorphs of the 

ilmenite exsolved from the large titaniferous magnetite 

pseudomorphs, and magnetite is replaced by carbonate.

In the Kabaigon Bay area, the carbonate in undeformed rocks 

is thought to be mainly calcite. Fracture fillings of calcite 4- 

biotite 4- quartz + epidote 4- apatite were observed locally, and 

single crystals of calcite overprint the matrix. Pyrite is in 

places segregated along these fracture fillings. The presence of 

biotite in these veinlets at the fracture opening stage is 

noteworthy, suggesting that the fluids contained more potassium 

ion and/or may have been introduced at higher than the regionally 

prevalent temperatures.

4.3.2.4 Advanced Carbonatization: Carbonate-sericite 

Schist Zones
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sericite +X- chlorite * quartz +S- albite -f leucoxene. 

Carbonate is greater or equal in abundance to that in the 

incipiently carbonatized samples, and sericite is markedly more 

abundant. Chlorite is either absent or present in only minor 

amounts. The micas, lenses of carbonate and fine grained quartz, 

and acicular leucoxene grains define an anastomosing foliation in 

which ankerite rhombs occur as augen (Plate 5). The augen are 

commonly affected by sympathetic shear microfraetures at low 

angles to the foliation and antithetic shear fractures at high 

angles to the foliation. Cubic pyrite is rare but locally 

present; it overprints the foliation but has weak pressure 

fringes of sericite, quartz, and chlorite. Stilpnomelane and 

hematite decorate minor shear planes parallel and oblique to 

foliation in some rocks.

The carbonatized metabasalt of the deformed 'lenticle* rock 

north of the Ray Smith Property preserves the raetabasaltic 

plagioclase microlites in a groundmass of secondary calcite, 

chlorite, and rutile (confirmed by X-ray diffraction), with 

traces of sericite and possibly quartz within lenticles. The 

septa between lenticles are miniature simple shear zones, 

enriched in chlorite flakes and rutile needles that define a 

simple sigmoidal fabric of sinistral asymmetry. The lenticular

texture is thought to result either from heterogeneous shear
*

transposition of irregular, chloritic pillow or possibly pillow 

breccia rims, or from the deformation of coarse variolites.
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Plate 5:

Photomicrograph of highly weathered ankerite augen (dark 
rhombs) affected by a shear band foliation. Sample 
84 LBC 24. Plane polarized light.
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4.4 Felsic Metavolcanlc Rocks

The felsic metavolcanic rocks consist of massive, very fine 

grained rhyolite, some of which may be fine grained tuff, and 

coarser pyroclastic rock, -including lapilli tuff and 

tuff-breccia. They are subordinate in volume to the mafic and 

intermediate rocks and were not extensively sampled in this 

s tudy.

In outcrop, the massive rhyolite weathers pale green to 

cream, with tiny, sparsely distributed phenocrysts of quartz and 

feldspar. Under the microscope, the feldspar can be identified as 

albite with rather patchy twinning.

The rhyolites are variably altered and deformed. The largest 

body of massive rhyolite or rhyolite tuff, around Amp Lake, is 

intensely sericitized. The sericitic and quartzofeldspathic 

domains define a composite fabric, consisting of a sigmoidal 

schistosity and crenulation. Tiny, corroded phenocrysts of albite 

and quartz, and local rhyolite fragments, are still visible under 

the microscope.

In con-trast, reddened felsic schists exposed on Highway 11 

near Kabaigon Bay, which might have either a rhyolite or 

feldspar-quartz porphyry protolith, show a single, very 

intense foliation. Flattened, fine grained quartzofeldspathic 

domains, strained and recrystallized quartz grains (only in 

coarse grained layers), sericite, polycrystalline mafic 

lenticles, and local albite porphyroclasts define a strong

37



foliation. The mafic lenses are of two compositions: (1) very 

fine grained, occluded, yellow-brown aggregates of epidote(?) and 

rutile, and (2) polycrystalline intergrowths of biotite and 

chlorite flakes, the chlorite variably overprinting the biotite. 

The foliation is cut by veinlets of carbonate, carbonate 4- 

quartz, and fibrous chlorite 4- albite 4- quartz intergrowths.

An island southeast of Amp Lake exposes the southeastern end 

of the large rhyolite body at the faulted contact of the 

Shebandowan Lake pluton. A friable, yellow-weathering, felsic 

mylonite north of the contact contains abundant secondary 

carbonate and sericite in a foliated matrix. Sericite is 

particularly concentrated along and around small scale shear 

fractures. Stilpnomelane and limonite stain also occur along some 

of these shear planes. Quartz ^ calcite veinlets cut across the 

foliation and sericitized shear zones. A molybdenum occurrence is 

reported on this island.

4.5 Metadiabase

4.5.1 General Description

Metadiabase is extensively exposed in the west as several 

large and a few smaller bodies, and crops out as small bodies in 

the eastern part of the area. These bodies show no primary 

layering, and are fine to medium grained. A doleritic texture 

shows up well on most weathered and freshly cut surfaces due to
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the white colour of the highy saussuritized plagioclase laths; 

incompletely altered rocks are dark grey or green. In most of 

the metadiabases, ferromagnesian silicate grains are not much 

larger than plagioclase grains in size, although large, 

poikilitic crystals of altered diallage form reflectant surfaces 

in rare exposures.

The metadiabases are more competent than the adjacent 

metavolcanic rocks. In the eastern bodies, zones of foliation 

concordant with the regional schistosity and neighbouring shear 

zones are located near contacts. Narrow, secondary shear zones 

and shear fractures, inclined to the regional tectonic grain of 

the surrounding rocks and commonly in conjugate sets, are 

typically developed in the interior of individual bodies. A 

regionally concordant shear zone in metadiabase between the Swamp 

River and the Town of Shebandowan displays the effects of brittle 

failure during its development, resulting in the emplacement of a 

stockwork of quartz veins with minor tourmaline * ankerite + 

pyrite, and narrow bleached margins containing sparse green 

sericite.

Several well-developed, regionally concordant, shear zones 

traverse the large masses of metadiabase in the western half of 

the area. Foliation intensifies into these shear zones until 

relics of primary texture disappear (Plate 6), and a mylonitic 

banding (Plate 7), reflecting variations in grain size and 

colour, is developed (Plate 8). The banding may be confused with 

sedimentary bedding if the gradation into foliated metadiabase is
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Plate 6:
Photomicrographs showing the progressive development of 
shear fabrics in metadiabase at Location C near Kabaigon 
Bay. 6A: S and C fabrics. Sample 84 LBC 197A. Slide is 
up-side-down. Cross polarized light. 6B: S and C fabrics 
affected by a later crenulation. Sample 84 LBC 195A. 
Plane polarized light, 6C: Strong C fabrics and 
elimination of schistosity. Crenulation is not visible 
in the plane of this section. Sample 84 LBC 194. Cross 
polarized light.
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Plate 7:
Photomicrograph of metadiabase mylonite (limited
carbonatization) showing feldspar porphyroclasts (white)
in a dark, laminated, mylonitic matrix of fine grained
quartz, chlorite, and rutile defining a strong
shear plane foliation (C) and low angle shear band
foliation (C 1 ). Sample 84 LBC 219. Plane polarized light.

Plate 8:
Exposure of banded, mylonitic metadiabase at Location 
C-2 near Kabaigon Bay. The banded rock, with widely 
spaced crenulation, grades outwards into schistose 
metadiabase, and thence into more massive metadiabase.
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not exposed. A secondary foliation, at low angles to the 

prominent schistosity and banding, is discernable locally. Many 

of these western shear zones lack the rusty weathering that 

characterizes the iron carbonate alteration further east, 

although carbonate is obviously present. However, reddening is 

pronounced in several fissile zones between Postans and East 

Divide Lakes.

4.5.2 Petrography

The petrography of noncarbonatized metadiabase is relatively 

uniform. The primary mineralogy is inferred to have been 

intermediate plagioclase in subequal porportion to pyroxene, with 

up to five percent quartz and two per cent titaniferous magnetite 

or ulvospinel. Rare, igneous, brown hornblende occupies altered 

pyroxene grain margins or occurs as separate grains. Plagioclase 

laths are subhedral and randomly oriented, and some of the 

interstitial quartz grains have marginal granophyric embayments. 

The plagioclase is occluded by fine grained saussurite (confirmed 

by X-ray diffraction) (Plate 9), or alternatively is replaced by 

coarse grained epidote in a few samples from the east. In several 

samples from eastern exposures, prehnite(?) was also observed 

along late fractures. Flakes of white mica and calcite also 

locally alter plagioclase. The pyroxene has been uralitized; 

bladed tremolite or tremolite/actinolite also occurs in some 

rocks, especially next to fractures. The oxide grains display
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Plate 9:
Photomicrograph of metadiabase with the plagioclase 
occluded by very fine grained saussurite (dark grey), 
set in uralitized, subophitic ferromagnesian grains 
(light), and enclosing three grains of titaniferous 
magnetite altered to sphene-magnetite intergrowths 
(black) in centre of slide. Sample 84 LBC 426. 
Plane polarized light.

Plate 10:
Saussuri tized plagioclase augen 

carbonatized metadiabase. Sample 
polarized light.

in 
84

sheared, 
LBC 210.

weakly 
Plane
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either sphene rims on opaque cores, or sphene replacing the 

skeletal plates of exsolved ilmenite in magnetite grains (Plate 

9).

The effects of carbonatization on metadiabases are similar 

to those on metabasalts (e.g., Plate 5), although the process may 

be less complete. Chlorite, rarely present in other greenschist 

facies metamorphosed metadiabases, is common, defining the 

foliation and filling fractures; it may be greatly diminished in 

abundance in the most heavily carbonatized rocks. Blue green 

tremolite or tremolite/ac tinolite disappears, although relics of 

the paler brownish uralite may be found in heavily carbonatized 

but not well foliated rocks. The sericite content increases, as 

does that of carbonate. Rutile (confirmed by X-ray diffraction) 

takes the place of sphene in exsolution lamellae intergrowths in 

the titanomagnetite pseudomorphs, and the magnetite of the 

pseudomorphs is in some cases altered to hematite. Flattened 

lenses of quartz +S- albite, and individual stringers of fine 

grained carbonate, sericite, and chlorite define the foliation, 

which is composite in the most schistose rocks. Plagioclase 

grains generally become clear, although relict saussurite patches 

locally form augen in the foliated matrix (Plate 10). 

Rut ile-heraatite pseudomorphs, interstitial quartz grains with 

granophyric margins, and bent plagioclase laths are fragmented 

and strung out in the schistosity of foliated rocks. In the most 

highly foliated rocks, wispy planar concentrations of rutile or 

fine grains of quartz and feldspar along foliation planes are all
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that remain of these fragmented augen. Ankerite rhombs, locally 

weathered to hematite or limonite, also form asymmetric augen in 

the rusty carbonatized schist zones near Shebandowan.

Metadiabases that are deformed in shear zones not

accompanied by intense carbonatization preserve epidote, sphene, 

and locally some of the tremolite and tremolite/ac tinolite , 

although chlorite and carbonate (calcite) both increase in 

quantity. Where these rocks are highly foliated to mylonitic, 

the foliation is composite (Plates 6, 7, 10).

4.6 Kashabowie Group Metasedimentary Rocks (Quetico Subprovince)

These rocks received little attention during this study, and 

the reader is therefore referred to Hodgkinson (1968), Morin 

(1973), and Kaye (1967) for descriptions.

Just north of the contact with the metavolcanic terrane in 

the East Divide Lake area, the metasedimentary rocks consist of 

quartz -H sericite -f chlorite -f albite schists with a strong, 

composite schistosity and colour banding; the banding probably 

reflects transposed bedding. Partly chloritized biotite was 

observed locally in one thin section of these rocks, and 

sphene-decorated basal cleavages of the chlorite elsewhere in the 

same thin section suggest that these schists may have been 

retrograded from biotite grade.



4.7 Feldspar Porphyry

A.7.l General Description

Feldspar porphyries are common throughout the study area, 

and occur mainly as steeply dipping dykes or sills which locally 

thicken and merge into small stocks or laccoliths. They are 

intermediate to felsic in composition, and can be classified 

geochemically as dacites (Table 1-4, Appendix I). They are 

characterized by 40 to 50 percent plagioclase phenocrysts, 

several millimetres to a centimetre or more in size (Plate 11) 

and locally agglomerated. Quartz phenocrysts are smaller than 

plagioclase, and are everywhere subordinate to plagioclase, but 

vary in porportion from one body to another. In some samples, 

tiny mafic phenocrysts can be discerned against a fine grained 

phaneritic matrix of intermediate composition. Outcrops of 

porphyry are generally massive and grey weathering, but are 

foliated and weather pink where they are highly deformed with 

their host rocks. Some of the most weakly deformed rocks show an 

alignment of fine grained mafic grains which may reflect flow 

during emplacement. The stripped exposure of moderately deformed 

porphyry on the Bandore property locally displays a weak layering

on a scale of 5 to 20 cm, defined by subtle variations in
*

feldspar phenocryst content; this is probably also related to 

emplacemen t.

Field relationships do not provide a very tight temporal
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Plate 11:
Feldspar porphyry dyke (upper 
metabasalt on Highway 11

right) cutting undeforraed 
near Kabaigon Bay.
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bracket for the porphyries, even though all porphyry bodies cut 

metavolcanic and metadiabasic rocks, and at least one body occurs 

as cobbles in the 'Timiskaming-type f conglomerate south of Lower 

Shebandowan Lake. One porphyry dyke cutting metavolcanic rocks 

south of East Divide Lake yielded a U/Pb zircon date-of 2733 +J- 

3 Ma, and a porphyry cobble in f Timiskaming-type' conglomerate 

yielded a date of 2704 +X- 2 Ma (Corfu and Stott 1986). Thus, 

preliminary isotopic dating suggests that emplacement of porphyry 

magmas may have occurred over a broad time interval.

Whether the porphyries are dykes or sills (small

bodies),stocks or laccoliths (larger bodies) depends on whether 

they were emplaced before or after the stratigraphy was 

tectonically steepened to its present attitude. Because of the 

potential range in ages, and thus in timing relative to 

structural devlopment, this is unassessable.

Feldspar porphyries appear for the most part to have 

undergone the heterogeneous deformation in shear zones that 

affect their hosts. They are generally somewhat reddened in these 

zones, and show anastomosing foliations in which the plagioclase 

phenocrysts form augen. In the most highly deformed porphyries, 

the grain sizes of fragmented plagioclase crystals are diminished 

considerably. In one extreme example, a porphyry dyke cutting a 

metadiabase was boudinaged within a shear zone, and comminuted to 

a nearly aphanitic white rock with subhorizontal quartz rods 

before further fragmentation (Section 14.14.3.3).
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4.7.2 Petrography

The feldspar porphyries, like the metavolcanic rocks and 

metadiabases, show extreme variations in state of deformation and 

carbonatization.

4.7.2.1 Least Carbonatized Porphyry

The least altered feldspar porphyries contain phenocrysts of 

plagioclase (40 to 50 %) , embayed quartz, altered biotite, and 

altered hornblende (local) in a fine grained matrix of quartz, 

albite, chlorite, sericite, epidote, leucoxene (largely sphene) 

and sparse apatite. Secondary calcite is largely restricted to 

crisscrossing hairline veinlets and patches which overprint grain 

boundaries. It also fills pressure shadows next to phenocryst 

augen where the porphyries are weakly deformed.

Both phenocryst and matrix plagioclase is variably 

sericitized, even in undeformed and least altered rocks. The 

plagioclase phenocrysts are commonly zoned; local reverse zoning 

is reflected in one sample by sericitized cores and (anomalous) 

saussuri tized rims. The cores of least altered phenocrysts in at 

least some samples are calcic oligoclase. Electron microprobe 

analyses of fresh areas of phenocrysts in one sample confirm that 

the cores consist mainly of calcic oligoclase, and also reveal 

the presence of rare, optically continuous domains enriched in 

the potassium feldspar component, i.e., a sort of calcic
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anorthoclase. The matrix feldspar is albite, also confirmed by 

microprobe.

Biotite is invariably altered to chlorite and leucoxene 

(largely sphene). Hornblende grains, identified by stubby, 

prismatic habit and cleavage, are commonly altered to chlorite, 

epidote and sphene, or to chlorite, epidote and calcite where the 

latter is present as veinlets. Microprobe analyses of anomalously 

fresh hornblende grains in one sample revealed compositions 

varying from fe rri-Tschermakite through ferri-raagnesio- 

hastingsitic hornblende to magnesio-hastingsite.

4.7.2.2. Moderately to Highly Carbonatized Porphyry

Some of the highly deformed rocks, as well as weakly 

deformed porphyries in a heavily carbonatized zone east of Pistol 

Lake, are affected by intense sericitization and carbonatization. 

These rocks are generally red or pink in outcrop. The phenocrysts 

are overprinted by sericite and carbonate, although relict albite 

and Carlsbad twins which distinguish the feldspar as plagioclase 

can be discerned even in highly altered samples. Chlorite, 

acicular rutile, and minor carbonate replace ferromagnesian 

phenocrysts. Calcite and sericite overprint the matrix, and 

sericite defines an anastomosing, composite foliation. It 

may be significant that sericite appears to be enriched along 

secondary, spaced planes of the composite foliation. Many highly 

altered samples contain abundant accessory apatite.
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Where a feldspar porphyry dyke is exposed in one of the 

sericite-ankerite schist zones along Highway 11, rusty weathering 

ankerite rhombs overprint the matrix at the expense of chlorite, 

which is absent. Calcite rims the ankerite rhombs, fills 

fractures and is segregated with sericite and minor stilpomelane 

along some foliation planes and crosscutting fractures. 

Plagioclase phenocrysts are fragmented and the fragments 

displaced along the strong foliation; however, they 

are unzoned and much less occluded than those in other, 

noncarbonatized porphyries.

4.7.2.3 Mylonitized Feldspar Porphyry Boudins

The mylonitized feldspar porphyry boudins (Plates 12, 13), 

within the metadiabase shear zone mentioned above, are composed 

largely of fine grained plagioclase, quartz, and sericite, with 

minor biotite, leucoxene, calcite and apatite, and rare grains of 

partly hematized pyrite. Feldspar forms rare porphyroclasts 

(Plate 13). A very fine grained, yellowish, high relief unknown 

mineral also occurs along some foliation planes. A strong L-S 

fabric is defined by segregated wisps of quartz-feldspar and of 

sericite, and by tiny porphyroclasts of biotite, opaques, and 

plagioclase.. Biotite porphyroclas ts are khaki brown, 

unchlori tized, internally kinkbanded, fish-shaped and rimmed with 

fine opaques, probably rutile.
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Plate 12:
Plan view of boudins of mylonitized feldspar porphyry 

in shear zone In raetadiabase at Location C near Kabaigon 
Bay. Top of photo to the south.

Plate 13:

Photomicrograph of mylonitic feldspar porphyry boudin 
showing relict feldspar porphyroclast (lower right) in 
comminuted feldspathic matrix. Sample 84 LBC 198. Cross 
polarized light. Scale bar - l mm.
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^ 8 Pistol Lake stock

4.8.1 General Description

The Pistol Lake stock is exposed as buff-weathering outcrops 

of pervasively altered granitoid rock. A close examination of 

hand samples reveals over 45 percent plagioclase laths and 

subordinate but ubiquitous quartz phenocrysts. No visible 

ferromagnesian grains survived the intense ankerite and sericite 

alteration, although chlorite seams commonly line late 

fractures.

A prominent sericite-ankerite schist zone overprints the 

southern margin of the stock; the ductile deformation effects 

related to this zone penetrate inhomogeneously only a few metres 

into the stock before giving way to brittle fracturing. In the 

transition, small scale conjugate shear fractures crosscut by 

several larger, narrow sinistral and dextral shear zones can be 

seen in outcrops on the south side of Highway 11. Prominent 

auriferous quartz veins fill northwest-striking, moderately to 

steeply dipping extension fractures in outcrops on both sides of 

the highway. The veins contain coarse cubic pyrite, and 

polycrystalline pyrite aggregates occur within and around vein 

margins. Rare, irregular networks of fine veinlets, possibly 

quartz- and albite-flooded fracture zones, are also accompanied 

by diffuse, fine grained pyrite and rough-edged aggregates of 

fine grained pyrite. Bright green sericite was observed locally
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in the heavily carbotiat ized trondhjemite hosting the veins. 

4.8.2 Petrography

The Pistol Lake stock varies from a porphyritic (feldspar 

and quartz) to moderately fine grained, equigranular trondhjemite 

(leuco tonal ite) which is now pe.rvasively carbonatized and 

sericitized. Plagioclase laths 2 to 4 mm in maximum diameter make 

up over 50 percent of the equigranular, and as much as 35 to 45 

percent of the porphyritic variety. Embayed phenocrysts of 

bipyramidal quartz are l to 2 mm in diameter, and constitute up 

to 10 percent of the rock. The plagioclase laths consist of 

unzoned albite, and are pervasively overprinted by coarse 

sericite and rare carbonate rhombs, although albite twins are 

still visible. These grains are commonly fractured or displaced 

by miniature shear planes which tend to concentrate oriented 

sericite and less common carbonate; the sericite overprint is 

otherwise random or lattice-like in geometry (Plate 14). Quartz 

phenocrysts are variably undulose in extinction and strainbanded; 

many are fragmented and recrystallized along fractures or 

pull-aparts. Rare flakes of pale green sericite with rutile along 

basal cleavage planes may represent pseudomorphs of biotite or 

chlorite. The granitoid matrix is now composed of fine grained 

quartz, albite, sericite, and carbonate with locally abundant 

accessory apatite and traces of leucoxene. The carbonate, which 

laboratory staining indicates is ankerite or ferroan dolomite,
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Plate 14:

Photomicrograph of highly'altered trondhjemite of 
the Pistol Lake stock showing quartz phenocryst 

(centre) and sericitized plagioclase laths (upper right) 
in a mesostasis of quartz, altered plagioclase, and iron 
carbonate (weathered to limonite). Sample 84 LBC 55. 
Scale bar - l mm. 14A: Plane polarized light. 14B: cross 
polarized light.
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occurs as both euhedral rhombs and subhedral patches, commonly 

weathering rusty brown. It is concentrated in the granitoid 

matrix and along fractures (Plate 15). The carbonatized rock of 

many samples is traversed by narrow veinlets filled largely with 

chequered albite and quartz, and speckled with fewer ankerite 

rhombs (Plate 16). Checkered albite also occurs locally in the 

matrix and along the margins of plagioclase phenocrysts. Pyrite, 

where present, occurs as euhedra which overprint both primary and 

secondary phases in highly altered, weakly deformed rocks (Plate 

15), or as rough-edged, fine grained, polycrystalline 

segregations along fracture planes.

Veinlets of albite and albite 4- quartz -f ankerite cut 

carbonaceous schists derived from trondhjemite apophyses in mafic 

metavolcanic rock, as exposed in trenches near the southeast 

margin of the stock. The veinlets truncate the early, strong 

foliation defined by segregations of carbonate and quartz + 

feldspar, and by rutile in the mafic rocks. However, they are 

themselves buckled.

4.9 Shebandowan Lake pluton 

4.9.1 General Description

The Shebandowan Lake pluton underlies the southern part of 

the Highway 11 Study area. Most of the intrusion consists of 

variably altered, medium grained, hypidiomorphic equigranular
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Plate 15:
Photomicrograph of altered trondhjemite from the Pistol 

Lake stock showing concentrations of ankerite (high 
relief rhombs) in fractures between the plagioclase 
grains, all overprinted by a coarse pyrite crystal. 
Sample 84 LBC 33. Plane polarized light.

Plate 16:
Photomicrograph of chequered albite fracture filling in 

altered trondhjemite of the Pistol Lake stock. Sample 
84 LBC 32. Cross polarized light.
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trondhjemite. Feldspar- and quartz-phyric phases are locally 

exposed within the pluton, with no evidence for either 

transitional or intrusive contact. Most of the least altered and 

undeformed rocks form blocky, massive outcrops which weather 

white. Hand samples of the equigranular variety contain 55 to 65 

percent lath-like plagioclase, 5-12 percent green (chlori tized) 

biotite and hornblende grains, and about 30 percent interstitial 

quartz. The porphyry contains 35 to 40 percent plagioclase 

phenocrysts and up to 25 percent rounded quartz phenocrysts in a 

leucocratic matrix.

The eastern and northeastern parts of the pluton (ie. much 

of the pluton exposed in the study area) are affected by both 

ductile and brittle structures, including: (1) discrete ductile 

shear zones, generally composite or conjugate like those in the 

Pistol Lake stock and the metadiabases, and (2) large and small 

scale fractures, many of which are extensional and some of which 

are blind. Both brittle and ductile structures are accompanied 

by intense carbonate alteration, and associated locally with 

sulphide mineralization, most commonly chalcopyrite with or 

without pyrite, arsenopyrite, and molybdenite. Even outside these 

altered zones, much of the northeast part of the pluton is 

affected by some degree of sericitization and carbonatization, in 

places imparting a pinkish hue. Only one sample, collected in the 

southwest, proved to be barely affected by carbonatization; it is 

distinguished from the carbonatized rocks in hand specimen by 

the presence of pale green epidote patches.
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4.9.2 Petrography

4.9.2.1 Least Carbonatized Trondhjemite

The least altered trondhjemite is composed of approximately 

65 percent euhedral plagioclase laths, 5 to 10 percent combined 

euhedral biotite and hornblende grains, and 30 percent 

interstitial quartz (Plate 17). The plagioclase is simply to 

complexly zoned, and is heavily saussuritized in patches. Biotite 

is completely altered to chlorite, either with lenses of sphene 

decorating basal cleavages or with rutile in sagenitic array. 

Coarse yellow epidote commonly occurs with the chlorite. The 

hornblende is green (Z - green, Y - pale green, and Z - straw 

brown), and.largely unaltered. Small plagioclase laths may be 

poikilitically enclosed in hornblende locally. Interstitial 

quartz patches consist of relatively large, both unstrained and 

strainbanded (largest), grains with straight to openly curved 

quartz-quartz intergrain boundaries. Sphene, apatite, zircon, and 

monazite are accessory minerals.

4.9.2.2 Moderately Carbonatized Trondhjemite

In the moderately altered rocks, plagioclase is patchily to
*

heavily overprinted with lattice-work sericite. In some rocks, 

scattered saussurite patches or epidote knobs are preserved, and 

in others fine carbonate accompanies the sericite overprint. The
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Plate 17:

Photomicrograph of the trondhjemite of the Shebandowan 

Lake pluton, showing laths of plagioclase, hornblende, 

and chloritized biotite with interstitial quartz. Sample 

84 LBC 706. Scale bar - l mm. 17A: Plane polarized 

light. 17B: Cross polarized light.
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Plate 18:
Photomicrograph of highly altered, fractured 
trondhjemite of the Shebandowan Lake pluton, showing 
plagioclase laths (mottled, with dark specks), quartz 
(white), and a grain of hornblende replaced by chlorite 
(light grey), iron carbonate (high relief grey grains) 
and one large apatite inclusion (white, centre photo). 
Sample 84 LBC 103. Cross polarized light.
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interstitial quartz is polygonized and thus fine grained, with 

polysutured intragrain boundaries, undulose extinction, and 

subgrain development. Both biotite and hornblende have been 

converted to chlorite and apatite, (local) sphene, and either 

carbonate or epidote. Coarse sphene is present in some rocks and 

absent from others. Hematite and rutile intergrowths occur in 

many more highly carbonatized rocks that lack sphene. Carbonate, 

particularly calcite, commonly fills fine fractures.

4.9.2.3 Heavily Carbonatized Trondhjemite

The most heavily altered trondhjemite (Plate 18) generally 

occurs in shear zones or fractures, and both microshears and 

extension gashes can be seen in thin section. The plagioclase is 

overprinted with coarse, lattice-work sericite and abundant 

carbonate. The carbonate, shown to be ankerite by local red-brown 

weathering along cleavages, laboratory staining, and electron 

microprobe analyses, is also concentrated along grain boundaries 

and along numerous throughgoing microfraetures. The ankerite 

exceeds chlorite in the ferromagnesian pseudomorphs, which lack 

epidote but contain large apatite inclusions. Calcite also occurs 

locally in late extension fractures, with or without ankerite. 

The early opaque grains have been converted to rutile plus 

hematite.
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4.10 Breccia-conglomerate

Highly deformed, coarsely fragmental rock exposed along 

Highway 11 near Shelter Bay and 3 km to the west is ambiguous in 

origin, and geologically anomalous in the Highway 11 area. The 

deformation in the highway outcrop reflects its proximity to one 

of the sericite-carbonate schist zones. Cobble-sized fragments in 

these exposures include relatively unaltered metabasalt; 

bleached, highly sericitized and possibly silicified metabasalt; 

cherty or silicified metasedimentary rock, and massive sulphide 

consisting of nodular pyrite.

The clastic matrix is relatively mafic in overall 

composition, and may have been composed largely of mafic 

metavolcanic fragments. Broken, volcanic quartz grains, highly 

deformed feldspar grains, and very fine grained silicic fragments 

form augen in the schistosity defined by chlorite and feldspathic 

streaks. Recrystallized tails have begun to form on the quartz 

augen. Carbonate patches overprint the matrix and are deformed in 

the foliation. The foliation is anastomosing, bending into 

discrete microshears along which sericite is concentrated. 

Euhedral (pyritohedral and cubic) pyrite overprints the 

foliation, although it possesses weak quartz- and chlori te-fi lied 

pressure shadows which appear symmetrical in the plane of the 

thin section (Plate 19).

Both pyrite nodules and the pyritic matrix are slightly 

auriferous. Sample 84-LBC-700 of massive pyrite nodules with

62



Plate 19:
Photomicrograph of the schistose matrix of the 

breccia-conglomerate showing quartz and feldspar clasts 
forming augen in the schistosity, locally decorated by 
stilpnomelane, all overprinted by euhedral pyrite with 
weak chloritic pressure fringes. Sample 84 LBC 701. 
Scale bar * l mm. 19A: Plane polarized light. 19B: Cross 
polarized light.
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pyrite assayed 395 ppb Au, whereas Sample 84-LBC-701 of 

pyritized clastic matrix with approximately 5 /S pyrite assayed 

300 ppb Au.

The breccia-conglomerate does not resemble any of the 

metavolcanic pillow breccias of the neighbouring terrane or any 

of the felsic pyroclastic rocks within the study area, although 

there is as yet no evidence to support an age substantially 

younger than the metavolcanic rocks. The bleached raetabasalt 

clasts resemble intensely altered zones in the outcrop of pillow 

lava just east of the Swamp River, where alteration and sulphide 

mineralization were assumed to be synvolcanic (Section 4.3.1). If 

this assumption is correct, the breccia-conglomerate may older 

than inferred by the map legend on Figure 4.

4.11 'Timiskaming type' Metasedimentary and Metavolcanic Rocks

1 Timiskaming-type f metasedimentary and metavolcanic rocks 

are exposed south of Lower Shebandowan Lake and extend 

northeastward to Highway 11 just east of the study area. This 

belt of rocks was studied by Brown (1985a), Morin (1973), 

Shegelski (1980), and Corfu and Stott (1986), to whom the reader 

is referred for detailed descriptions. However, several features 

of these rocks relating to the present study are summarized here.

The 'Timiskaming-type f sequence south and east of Lower 

Shebandowan Lake consists of polymictic conglomerate and well- 

bedded sandstone and siltstone, interrupted by massive to
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autobrecciated, subaerial, intermediate to felsic flows of mainly 

latitic compositon. The sandstones sporadically display oxidation 

thought to be due to subaerial diagenesis (Shegelski 1980). The 

flows weather distinctively red and green, probably due to 

variations in synvolcanic oxidation, and are characterized by 

locally profuse phenocrysts of dark green hornblende and 

plagioclase, and rare biotite (Plate 20). The presumed 

metavolcanic basement to this sequence is also locally oxidized, 

here more likely due to deep oxidation beneath (as well as above) 

the unconformity.

The Shebandowan group was affected by tight upright folds, 

with fold hinges apparently inclined in a clockwise sense to the 

boundaries of the belt and the predominant orientation of shear 

zones in the region (see Brown 1985a). The group is also locally 

affected by shearing and carbonate alteration, both on the 

Shebandowan Mine Road and further east in the Dawson Road Lots.

Greenschist facies minerals at least partly alter the 

raetavolcanic rocks, ie., rare biotites are thoroughly to partly 

chloritized, feldspars are sericitized and many have rims of very 

fine grained saussurite, and chlorite and epidote overprint the 

matrix. The hornblendes are less metamorphosed, although most 

grains are coated by very fine opaque oxide (Plate 21), as 

reported by Shegelski (1980). Alteration is similar to that 

recorded in the Shebandowan Lake pluton and the feldspar 

porphyries; its lesser intensity may merely reflect the location 

of the samples, because some of the undeformed older metavolcanic

65



Plate 20:
Photomicrograph of 0 Timiskamlng-type f latite, 

Shebandowan Mine Road, showing profuse hornblende and 
plagioclase phenocrysts. Sample 84 LBC 0003. Cross 
polarized light.

Plate 21:

Photomicrograph of a large hornblende phenocryst 
showing concentration of iron oxide along rim. 84 LBC 
003. Plane polarized light.
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rocks are relatively fresh on the Shebandowan Mine Road and east 

of the study area. Therefore, greenschist facies metamorphism 

occurred relatively late in the development of the rocks now 

exposed on the surface. Whether this was the only time' that 

greenschist facies conditions were achieved in the basement 

terrane is questionable; i.e., the older metavolcanic terrane 

could have been buried and metamorphosed to greenschist facies 

assemblages before uplift, erosion, and the deposition of the 

group, and it is equally possible that they were never deeply 

buried or thoroughly metamorphosed before 'Timiskaming-type' 

deposition, burial, and subsequent metamorphism.

4.12 Quartz Syenite (Latite) Dykes and Pods

Dykes and small pods of red, hornblende-phyric latite or 

quartz syenite are exposed from the eastern margin of the map 

area, as far west as Young Bay. They appear to have been emplaced 

along steep, brittle fractures, and may be as narrow as 2 cm. 

Several such dykes are exposed along the power line on the J.F. 

West Property, and are there variably carbonat i zed, as are 

adjacent metavolcanic rocks. In some places, the dykes are both 

carbonatized and heavily pyritic.

Phenocrysts comprise hornblende and plagioclase. The 

reddened matrix is very fine grained, and consists mainly of 

interlocking lath-like plagioclase with minor interstitial quartz 

and abundant accessory apatite.
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The type and degree of alteration are variable, but, as witb 

tbe metavolcanic rocks, can be subdivided into either epidote- 

dominated or carbonate-dominated end members. In the former, 

epidote occurs as dark coloured, fine grained aggregates, coarse 

single crystals, and rims on opaque grains in the matrix, and as 

either saussurite or single coarse grains overprinting 

plagioclase phenocrysts. Hornblende is pseudomorphed by chlorite 

and sphene (Plate 22), the latter commonly decorating grain 

boundaries and cleavages. Carbonate, if present, occurs as 

fracture fillings.

In the heavily carbonatized rocks, located under the power 

line on the J.F. West Property, sericite and deformed ankerite 

overprint other minerals, and the secondary chlorite is greatly 

diminished to absent. In one rock, a former hornblende phenocryst 

was delineated by a cleavage and grain boundary array of rutile 

needles, instead of sphene. In these carbonatized rocks, euhedral 

pyrite may reach 10 percent locally, and overprints the foliation 

with no suggestion of pressure shadows. Another highly 

sericitized and carbonatized dyke affected by a shear zone to the 

north also contains tourmaline.

Most of the dyke rocks fall between these two extremes, 

depending on their location or their timing with respect to the 

influx of C02.
4

These small intrusions bear a startling resemblence to the 

hornblende and plagioclase phyric 'Timiskaming-type' flows. It 

may therefore be noteworthy that quartz syenite was mapped at the
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Plate 22:
Photomicrograph of hornblende phenocryst, now altered 

to chlorite and sphene in quartz syenite or latite dyke, 
powerline area, J.F. West Property. Sample 84 LBC 480. 
Plane polarized light. Scale bar - l mm.
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eastern edge of the study area, not far west of the first 

exposures of reddened, latite on Highway 11 east of the study 

area (Pye and Fenwick 1965, Brown 1986a). Their greater degree of 

alteration may be due to their location in the most deformed and 

hydro thermally active part of the belt, and not to their age. 

Unless isotopic dating proves otherwise, they could be envisaged 

as feeders to 'Timiskaming-type f latite flows, eraplaced along 

fractures in the surrounding and overlying, but now-eroded, older 

metavolcanic terrane.

4.13 Lamprophyre Dykes

Lamprophyre dykes a metre or more in thickness are common 

throughout the area. Where they traverse the sericite-carbonate 

schist zones they clearly truncate well-developed schistosities, 

which nowhere weaken toward the dykes. However, they have 

undergone at least some of the deformation of their host rocks, 

and are equally carbonatized where they are are hosted in 

sericite-carbonate schist zones, and contain pyrite where the 

host rocks contain pyrite.

The dykes contain the phenocryst combinations: hornblende; 

hornblende and scant plagioclase, and biotite and hornblende. 

Hornblende is altered to chlorite. Biotite is only partly altered 

to chlorite, with which it is interleaved. The matrices are 

altered to ankerite, albite, chlorite, quartz, and rutile, and 

contain accessory apatite. A tightly anastomosing fabric is
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present in all samples. In hornblende-bearing lamprophyre, it is 

defined by deformed hornblende pseudomorphs, lenses of carbonate, 

and aligned rutile, commonly segregated along discrete foliation 

planes. Hornblende grains appear to have deformed in part by slip 

along prismatic cleavages, which has perturbed the surrounding 

foliation. This effect is probably responsible for its 

crenulated appearance, rather than either an overprint or simple 

shear, and is significant in that it suggests that the hornblende 

was unaltered during the start of the deformation within the 

dyke. In the case of the biotite lamprophyre, exposed southeast 

of the J. F. West Property, one east southeasterly striking 

fabric clearly overprints a northeasterly striking one, both 

defined by biotite and chlorite.

4.14 Structural and Metamorphic Development 

4.14.1 General Structural Imprint

The structural imprint on the rocks in the Highway 11 study 

area is dominated by the presence of northeasterly to 

east-southeasterly trending, steeply dipping schistose zones 

(Figure 4, Plate 1). Foliations also vary in strike from 

northeasterly in the west to east-southeasterly in the east, and 

dip steeply. They are heterogeneously developed, increasing 

greatly in intensity near the schistose zones and virtually 

disappearing in many places between these zones, le.,
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chlorite-filled amygdules are spherical and igneous intergranular 

and doleritic textures are well preserved. Foliations anastomose 

in the mafic metavolcanic rocks, except in the most strongly 

foliated parts of schistose zones where they straighten. This is 

thought to be because much of the strain was focussed along 

relatively incompetent pillow margins, in irregular pillow 

breccia lenses, and in interflow me tasedimentary bands, rather 

than penetrating the more competent pillow interiors. The 

foliation is generally composite where most intense in the 

schistose zones, but is simple where only weakly developed. 

Because of the strong spatial and geometrical correlation of 

foliation development and the prominent schistose zones, it is 

concluded that they are related. The tectonic episode which 

produced them affects all rock types in the area to some degree, 

and was therefore relatively late.

Although foliation is locally well-developed, lineation is 

poorly developed in the Highway 11 area compared to the other 

study areas (Sections 5 and 6), as indicated by Stott and 

Schwerdtner (1981) for D(2) domains in general (Section 2.3). The 

most obvious lineations, defined by alignment of minerals and 

mineral aggregates, are found in schistose zones in the south 

part of the J. F. West Property, where they plunge moderately to 

the northeast (Figure 4). Near Kabaigon Bay, subhorizontal quartz 

rods are developed in boudins of highly deformed porphyry encased 

in metagabbro mylonite, whereas its schistose mafic mylonite 

hosts show only a steeply plunging crenulation or intersection
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lineation. Stott and Schwerdtner (1981) record many moderately 

northeast-plunging mineral lineations in this area, confirmed by 

measurements of magnetic susceptibility, but these are relatively 

subtle.

Minor faults and fractures, and blind extension fractures 

are found between the foliated zones, but are particularly 

numerous east of Young Bay including the J.F. West Property. In 

the latter area, the fractures are associated with iron oxides 

and local epidote, and in places site latite dykelets (Sections 

4.2, 4.3, and 4. 12).

Few folds were observed in the Highway 11 study area. Tops 

in the pillowed rocks face north or northeast, and where bedding 

can be observed in interflow metasedimentary bands, it is steep 

and transposed parallel to the regional grain dictated by the 

schistose zones. Of the folds noted, most are chevron folds, 

kinkbands, and open flexures developed after the superposition of 

the foliation and schistose zones. Only one exposure was found 

preserving a record of regional deformation event(s) which might 

have preceded the development of the foliation in the study area: 

northeast of the Ray Smith trenches, an outcrop of

metasedimentary rock shows that both limbs of a moderately tight, 

steeply plunging fold are cut by the strong, crenulated foliation 

of one of the northeast-striking schistose zones. However, there 

is evidence for early nappes (Morton 1982) and other 

deformational effects (Stott and Schwerdtner 1981) to the south 

(Section 2.3), and the Highway 11 area may expose transposed
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parts of the monoclinal limb of one of the early folds observed 

to the south.

Examination of the broader regional structural setting 

suggests that at least two important structural regimes of 

different geometry affected the north part of the greenstone 

belt, corresponding to deformation associated with several major 

faults defined by Hodgkinson (1968), Morin (1973), Bau (1979), 

and Morton (1982) adjacent to the study area. The east- to 

northeast-striking Postans Fault (Figure 2), which field 

observations west of the study area reveal as at least a major 

ductile shear zone, extends into the northwestern corner of the 

area, where it is unexposed along a negative topographic 

lineament. This fault, which is the boundary between the Quetico 

metasedimentary rocks and the Shebandowan greenstones, is 

dextrally offset along the younger Crayfish Creek Fault just 

beyond the southwestern corner of the study area. It is also 

either severely transposed, or truncated and offset, by another 

broad, dextral ductile shear zone which juxtaposes

metasedimentary and granitoid rocks of the Quetico belt with the 

Shebandowan belt along the northern side of the study area. This 

zone of shearing probably masks a major fault, since foliations 

in the granitoid terrane to the northeast are abruptly truncated 

(Morin 1973). Other northwest-striking faults dextrally offset 

the Postans Fault and the contact between metasedimentary and 

granitoid rocks (Hodgkinson 1968). The prominent schistose zones 

mimic the orientations of both dextral and sinistral faults/shear
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zones, some apparently flexing from one orientation to another 

(Figure 4). It was, therefore, not surprising to discover 

inconsistent arrays of kinematic indicators in many individual 

exposures, and evidence of local overprinting of one deformation 

regime over another, corresponding to the fault zone overprinting 

obvious from the regional map pattern.

4.14.2 Schistose Zones

4.14.2.1 General Description

Schistose zones in fine grained me tavolcanic rocks resulted 

from the progressive flattening, dissection, and eventual 

obliteration of pillows and pillow breccia fragments, the 

destruction of igneous intergranular and amygdaloidal textures, 

an increase in the abundance of foliation parallel chlorite and 

sericite (Section 4.3.2), and straightening of the anastomosing 

foliation (Section 4.14.1). In coarser grained rocks, such 

as the roetadiahases, the development of the schistose zones 

resulted in a progressive reduction in grain size as well as 

increase in proportion of chlorite, sericite, and carbonate; the 

development of a shear zone-parallel, second fabric, which 

crenulates the intensified foliation with consistent asymmetry; 

and the development of a pronounced banding in the core of the 

zone (Plate 8), reflecting variations in grain size (Section 

4.5). The banded mylonite zones may be a metre to several metres
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wide. In the fine grained rocks, all that remain of the primary 

mineral phases are abraded porphyroclasts of plagioclase (Plate 

7), or alternatively, saussurite patches in less carbonate-rich 

rocks (Plate 10). The possibility of tracing simple sigmoidal 

foliation trajectories into these zones is precluded because of 

the irregular nature of the foliation orientation where weakly 

and heterogeneously developed. However, the gradation of fabric 

intensity within these zones, the systematic development of 

asymmetric composite foliation, and the grain size diminution are 

sufficient to classify these zones as shear, and commonly 

mylonite, zones which were in part due to simple shear (cf., 

Sibson 1977). They could be likened to the Type II - S-C 

mylonites of Lister and Snoke (1984).

In other cases, discrete zones of grain size diminution and 

intense foliation occur in otherwise unstrained metadiabasic and 

granitoid rocks; the structures produced resemble the narrow 

simple shear zones in granitoid rocks depicted by Ramsay and 

Graham (1970), or Type I - S-C mylonites of Lister and Snoke 

(1984). Some of these discrete shear zones show minor brittle 

displacement, and are referred to as shear fractures. Exposures 

of metadiabase, feldspar porphyry, the Pistol Lake stock, and 

the Shebandowan Lake pluton locally show conjugate sets of shear 

fractures. '

The preponderance of planar over linear fabric elements in 

these zones suggests that pure shear, particularly regional 

compression, may also have influenced their development; however,
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the development of fabrics under the influence of more than one 

kinematic regime (below) may also have played a role in producing 

a cumulative flattening effect.

In spite of the paucity of stretching lineations '(Brown and 

Murphy 1982), the displacement senses for these shear zones can 

be inferred from two lines of evidence: (1) the geometry of the 

composite foliations, either f C and C 1 f or f S and C 1 , and (2) 

the geometry of carbonate and quartz veinlets localized within 

the shear zones. In many outcrops, the evidence is equivocal, 

which may be due to the overlapping of one deformation regime on 

another as indicated by evidence accumulated from several outcrop 

areas (Section 4.14.3).

4.14.2.2 Geometry of Composite Foliations Associated with 

the Schistose Zones

Composite foliations of a penetrative nature are restricted 

to the schistose zones, the foliations outside these zones being 

simple S foliations. Of the composite foliation pair, the best 

developed, commonly phyllonitic, foliation in sericite-carbonate 

schists is parallel to the margins of the shear zone, and is thus 

a shear plane or C foliation; if viewed at close range (or under 

a microscope at low pwer) from some angles it may appear to 

crenulate an earlier, less pronoun-ced foliation, the S foliation. 

In most of the very fine grained, micaceous rocks, the strong 

foliation is overprinted by an incipient asymmetric crenulation
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at less than 30 0 to the main foliation (Plates 5, 7, 10). This 

feature is best and often preferentially developed in the most 

micaceous layers. In almost all cases, this crenulation strikes 

in a counterclockwise sense relative to the main foliation. Since 

it is restricted to very highly foliated rocks and overprints the 

main foliation at low angles, it is interpreted as an extension 

crenulation cleavage or C 1 fabric (eg. Berthe et al. 1979, Platt 

and Vissers 1980, Ponce de Leon and Choukroune 1980). With one 

exception, these fabric arrays (both S and C, and C and C') are 

consistent in their asymmetry, and suggest a predominantly 

sinistral sense of shear. The exception occurs at Locations C-2 

and C-3 (Section 4.13.3.3) where the two foliations (a shear zone 

parallel C fabric and a later crenulation) are thought to be 

related to two contrasting deformation regimes (Section 

A.13.3.3).

S and C pairs of composite foliations are displayed in only 

a few exposures. For example, outside the banded, mylonitic parts 

of one of the shear zones in metadiabase (Section 4.13.3.3), the 

schistosity, which is defined mainly by disaggregation and 

reorient at ion of the tremolite/actinolite fibres of uralite, is 

crenulated by a penetrative spaced foliation at moderate angles 

to the schistosity (Plate 6a, 6b). There are no major contrasts 

in mineralogy between these two foliations. Where this foliation 

pair can be discerned in outcrop, the spaced foliation is 

parallel to the boundaries of the shear zone, and the schistosity 

is, with a few exceptions, at a clockwise angle to it. As the
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core of the shear zone is approached, the spaced, shear zone- 

parallel fabric becomes the predominant one (Plate 6c), and the 

clockwise schistosity is impossible to discern. Although 

lineation cannot be defined for the most part, the geometry of 

these composite foliations and their restriction to the outer 

parts of the shear zone are compatible with interpretation as the 

S and C fabrics of largely sinistral simple shear zones (cf. 

Berthe et al. 1979).

Composite fabrics with the counterclockwise, spaced 

foliation crenulating the clockwise one are displayed by outcrops 

of highly deformed feldspar porphyry on the eastern side of 

Kabaigon Bay. Although the limited exposure precludes defining 

the boundaries and thus the exact trend of the northeasterly- 

striking shear zones, these foliations suggest a sinistral sense 

of shear, whether they represent S and C, or C and C* sets.

In some outcrop areas, these features suggest either both 

sinistral and dextral, or dextral displacement senses as will be 

described for individual outcrop areas below (Section 4.14.3).

4.14.2.3 Geometry of Carbonate-filled and Quartz-filled 

Extension Veinlets

Lenticular ankerite veinlets, rarely over a centimetre wide, 

commonly cut obliquely across foliations of sericite-carbonate 

schist zones to which they are restricted (Plates 23, 24). With a 

few except ions, they strike counterclockwise to and dip more
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Plate 23:
Sericite-carbonate schist with relatively thick, 

lenticular, ankerite veinlets crosscutting schistosity 
at a small, counterclockwise angle.

Plate 24:
The steep, east face 
of an outcrop of 
sericite-carbonate 
schist shows 
steeply southeast- 
dipping, ankerite 
veinlets with gently 
north-dipping,
quartz-filled 
extension gashes, 
Highway 11 area.
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steeply than the north-dipping foliations (Figure 5). They could 

be interpreted as brittle extension gashes formed at a late stage 

of shear with both sinistral and south-side-up components, in 

conjunction with the asymmetric foliations patterns above. 

However, unlike most shear zone hosted extension veinlets, they 

have not been sigmoidally folded during continued shear. Instead, 

they appear to thin and extend parallel to the foliation in both 

vertical and horizontal planes every 3 to 5 cm , as if they had 

been pulled out and offset dextrally and north-side-up. In 

several places, the veinlets have subhorizontal and moderately 

north-dipping, quartz-filled extension gashes (Plate 24), which 

could be explained either by the transposition and extension just 

mentioned, or by formation in a transtensional, simple shear 

setting (cf. Sanderson and Marchini 1984). The simplest overall 

interpretation of these veins, which corresponds to other, both 

local and regional observations, is that they represent sinistral 

extension gash fillings produced during the late stages of 

sinistral shear, followed rapidly by a reversal of shear sense in 

the zone.

In several shear zones, a subordinate number of short, 

lenticular fibrous carbonate and carbonate 4- quartz veinlets are 

subperpendicular to the foliation (Figure 5), signifying shear 

zone-parallel extension.

In one of the less carbonaceous shear zones near Kabaigon 

Bay, blind, lenticular, quartz-rich veinlets strike approximately 

parallel to the shear zone but cut northward instead of southward
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Cross-section 
looking east

a. GEOMETRY OF ANKERITE VEINLETS 
RELATIVE TO FOLIATION, 
IN SERICITE-ANKERITE SCHISTS, 
HIGHWAY 11 SECTION

TOP VIEW

b. GEOMETRY OF ANKERITE VEINLETS 
IN SERICITE-ANKERITE SCHISTS, 
HIGHWAY 11 SECTION

Figure 5: Geometry of ankerite veinlets relative to 
foliations in the sericite-carbonate schist 
zones exposed along Highway li.
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across the strong foliation, suggesting a north-side-up component 

of shear. Some veinlets are sigmoidally folded, with a geometry 

also suggesting a north-side-up component, whereas others are 

little deformed. Plate 25 shows the vertical face of an outcrop 

where this north-side-up shear component is suggested by both an 

en echelon set of these quartz veins, and a nearby 'foliation 

fish* (Hamner 1984). These quartz veins cut earlier, narrow, 

carbonate veins attenuated along the foliation.

4.14.3 Outcrop Areas Illustrating Style and Timing of 

Deformation.

The following outcrop areas illustrate the style and 

probable timing of structural development in the Highway 11 study 

area, and outline the structural setting of the three gold 

properties investigated.

4.14.3.1 East Divide Lake Area (A)

The main structural features in this area are portrayed in 

Figure 6, on which the locations described below are numbered. A 

mafic metavolcanic assemblage cut by feldspar porphyry dykes in 

the south and metadiabase in the north is traversed by several 

steep, southwest to west-southwest-striking (245 0 - 255*Ysteep) 

shear zones, which are phyllonitic because of their high chlorite 

content. The trace of the Postans Fault extends across the
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Plate 25:
East-facing outcrop 
surface of schistose 
metadiabase displays 
barren, quartz-filled, 
synkinematic,extenslonal 
veinlets and foliation 
fish, suggesting a north- 
side-up shear component.

Plate 26:
Top surface of a weathered outcrop showing the 

development of sinistral shear bands in highly foliated 
and altered me tagabbro, Location A-l.
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EAST DIVIDE LAKE AND RAY SMITH AREAS

many kinkbands

500

metres

Major fault '
-VWA, ductile shear zone which may

focus further brittle displacement

IK'^J Feldspar porphyry, minor qtz syenite 
|:;I::.: :.: :| Metadiabase
l \ Mafic metavolcanic and interflow
——— metasedimentary rocks, local felsic

metavolcsnlc rocks (west) 
Symbols as on Figure 4

Figure 6: Map showing geological setting of the East 

Divide Lake area, including the Ray Smith 

Property, showing locations A-l through A-3 

and B-l through B-5.
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northern part of the area, cutting off the metadiabase and 

causing clockwise flexure of the strong foliations and shear 

zones which affect the geology internally.

Location A-l is on the abandoned segment of Highway 11 near 

East Divide Lake, where bleached outcrops of carbonatized 

metadiabase are sandwiched between a chloritic phyllonite zone 

exposed to the southeast, and the northeastern extension of one 

or more shear zones inferred to pass through East Divide Lake. A 

very strong schistosity, accompanied by carbonatization and the 

disappearance of ferromagnesian silicate minerals, was developed 

in the metadiabase. All that remains of its former texture are 

extension gashed porphyroclast s of rutile and hematite, which are 

pseudomorphs of the igneous titaniferous magnetite or ulvospinel, 

and which show up as yellow-brown specks in hand sample. An 

anastomosing network of shear bands was subsequently developed in 

the carbonatized rock (Plate 26). Most of the shear bands 

geometrically resemble Riedel shear bands in the sinistral shear 

environment suggested by the balance of observations in this 

area, i.e., they are counterclockwise to the schistosity and 

could be considered as sympathetic (R) shears (or C' foliations). 

Subordinate dextral shear bands, nearly parallel or clockwise to 

the early strong schistosity, could represent either antithetic 

(R 1 ) shear bands related to the period of sinistral shear (cf. 

Platt 1984, Harris and Coppold 1985), or sympathetic (R) bands 

related to an independent deformation episode dominated by 

dextral shear. The centimetre scale lithons between the shear
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bands commonly show high angle, blind extension fractures which 

mask their strong foliation on weathered surfaces and signify 

subhorizontal extension.

Location A-2 includes outcrops on the new highway and along 

the power line to the south of Location A-l, and exposes mafic 

metavolcanic rocks, mainly pillow lava and pillow breccia, 

with minor bands of iron formation, cut by several feldspar 

porphyry dykes. These rocks are traversed by several northeast- 

trending, spaced phyllonitic shear zones (shear zone traces and 

C foliations at 255V86 0 to 245V80 0 ), in places displaying 

sinistral shear bands (C 1 foliations at 040V85 0 , 040 0 790 0 , 

030V90 0 ) (Figure 6). Between these zones, the pillowed 

metabasalt has locally developed a lenticular texture (Plate 27), 

consisting of undeformed lenses of carbonatized metabasalt, in 

which the delicate basaltic texture of radiating feldspar 

microlites is preserved (Plate 28), segmented along chloritic 

minishears. Close examination of the tninishears shows that the 

fabric defined by aligned chlorite and rutile intensifies into 

the shears, and follows sigmoidal trajectories through them with 

an asymmetry consistently defining a sinistral shear sense (Plate 

28). On a larger scale, some lenticles have only begun to 

separate from the massive, pillowed metabasalt (Plate 27b). It is 

therefore suggested that at some advanced stage of the 

development of the pyllonitic shear zones on either side, the 

more massive intervening zone could no longer accommodate 

externally imposed train merely by small scale displacements
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Plate 27:
Tectonically-produced lenticular texture in pillow lava 

- pillow breccia, consisting of undeformed lenses of 
carbonatized metabasalt traversed by small scale, 
chloritic, sinistral shear zones derived from rim and 
matrix material. Location A-2, Highway 11 near East 
Divide Lake.
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Plate 28:
Photomicrograph of 
basaltic "quench' texture 
(feldspar microlites) 
of light grey lenticles 
passing into mini-shear 
zones enriched in 
chlorite and rutile. 
Location A-2, Highway 11. 
Plane polarized light.

Plate 29:

Northwest-striking, feldspar 
porphyry dyke showing outcrop 
scale, north-northeast- 
striking, sinistral shear 
offsets, several of which 
display en echelon extension 
gash arrays (lower centre). 
Minor dextral shear 
displacements affect corners 
on the northwestern si'de of 
the deformed dyke. Hammer 
oriented approximately north,
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along pillow margins or interflow metasediraentary bands, and the 

pillows themselves began to disaggregate along small scale, 

simple shear zones initiated in and lubricated by chloritic 

pillow margin and interpillow material.

Feldspar porphyry dykes exposed in the highway outcrops 

strike counterclockwise to the predominant foliation of their 

hosts (Plate 29). A penetrative schistosity (east-northeast) was 

first developed throughout the dykes; its composite appearance is 

likely due to the presence of coarse plagioclase phenocrysts. The 

dykes were subsequently offset by northeast-striking (e.g., 

038 0 X90 0 ) sinistral shear zones, accompanied by similarly 

oriented, spaced crenulation cleavages concentrated within and 

near the shear zones. The latter are similar in orientation to 

the C f foliations of the phyllonites to the south, but, because 

of their localization, are identified as shear plane (C) 

foliations related to the narrow, northeasterly trending, 

sinistral shear zones; the latter themselves correspond to 

secondary Riedel (R) shears (a large scale analogue of the 

smaller scale shear bands) in the environment of the 

predominantly sinistral, east-northeasterly trending master shear 

zones developed in the nearby schists. Several of the narrow, 

northeasterly striking shear zones are marked by sigmoidally 

folded, en echelon tension gashes (Roering 1968, Ramsay and 

Graham 1970, Ramsay and Hubert 1983: e.g., p.51, Figure 3.22 B), 

likewise indicating sinistral displacement (Plate 29). The 

irregular tips and corners along the northwestern sides of
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the offset dykes were subsequently affected by minor dextral 

ductile shear (Plate 29).

Both the mafic raetavolcanics and the porphyry dykes of the 

highway outcrops were affected by more widely spaced,' steeply 

dipping, northwest-trending (e.g., 310 0 X80 0 ) dextral faults with 

minor displacement (Figure 7).

At Location A-3, a shear zone passing north of the Ray Smith 

trenches marks the southern margin of a small metadiabase lens, 

and displays well-developed crenulations (040V90 0 to 025V90 0 ) 

which affect the phyllonitic foliations (245Vsteep to 235/steep, 

respectively). The crenulations are again restricted to the shear 

zone, and their geometry supports the contention of a substantial 

sinistral component of shear.

In summary, structural features exposed in this outcrop area 

suggest an early, predominant deformation episode involving the 

progressive development of a steep, sinistral shear system with 

unknown vertical component, superimposed by minor dextral shear 

and fault zones, along with localized dextral reactivation along 

pre-existing sinistral shear planes.
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4.14.3.2 Ray Smith Property (B)

A northwest-trending, auriferous, sulphide-bearirig quartz 

vein system forms the nucleus of the Ray Smith gold property 

south of Highway 11 and area A (Figure 8). The main vein system 

follows a fracture zone which truncates earlier, northeast- 

striking, locally carbonate-rich schist zones, but dies out 

against them to the northwest and southeast.

Location B-l refers to the long northwest-trending trench 

(Plate 30) of the Ray Smith system of veins and fractures (Figure 

8). This system is hosted by mafic to intermediate metavolcanic 

rocks with several interflow metasedimetary horizons that define 

bedding subparallel to several east-northeast-striking, rusty, 

carbonaceous shear zones. Feldspar porphyry intrudes the 

metavolcanic rocks at the northwestern end of the trench (Figure 

8). A complex system of gold- and sulphide-bearing quartz veins 

is sited along a steep fault/fracture zone (302 0 strike) which 

abruptly truncates the early structures, and consists of several 

slightly anastomosing, northwest-striking, subvertical fractures 

which site minor dextral fault offsets with an unkown vertical 

component of movement.

There were obviously several stages of quartz veining, with 

all generations of veins affected by,movement along the 

northwesterly fractures. The youngest veins consist of milky 

quartz, locally displaying a crack-seal texture and containing
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A-2

SEGMENT OF QUARTZ VEIN SYSTEM IN 
PILLOWED FLOWS.SHOWINQ LATE SINISTRAL 
AND RARE DEXTRAL FAULT DISPLACEMENT

|e4LBC402.3.4.6.fl.8.11

Sedimentary bands hi

SEGMENT OF OUARTZ-GOLD-8ULPHIDE VEIN 
SYSTEM. SHOWING MULTIPLE VEIN GEOMETRIES 
AND FAULTING

ytd)

large outcrop 
small outcrop 
geological contact 
fracture* 
foliation trace 
Intense foliation and

shear band foliation 
minor fault or ductile shear zone:

defined extrapolated
displacement sense Indicated 

quartz-carbonate vein with pyrite.
sphalerite, chalcopyrite and gold 

Feldspar Porphyry ' 
Metadlabase 
Mafic metavolcanlc rocks, mainly pillow

lavas and pillow breccias with
abundant Interflow sediments (chert.
chloritic tuff and iron formation)

Figure 8: Ray Smith trenches and stripped outcrops, 
Location B, showing geometry of veins and 
fracture system relative to regional foliation, 
shear zone and fracture systems. Locations of 
samples taken for geochemical assay (Subsection 
4.15) are also indicated.
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Plate 30:
View of the northwestern end of the main Ray Smith 
trench, showing the complex zone of brittle fracturing 
and velning which crosscuts relatively undeformed 
metavolcanic rocks on either side (here seen on right
hand side of photo). Location B-l.

Plate 31:
Dilated and calcite-filled , northeast-striking 
foliation planes of a wedge of metavolcanic rock caught 
up in northwest-striking faults in Ray Smith 
fracture-vein system. Looking northwest onto gently 
inclined trench floor.
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many inclusions of brecciated host metavolcanic rock, as well as 

abundant sulphides (chalcopyrite, sphalerite, pyrite) and gold. 

They are relatively thick, locally bifurcating, and extend 

discontinuously parallel to the fracture zone in the trenched 

area; some of the discontinuity may be due to faulting. These 

veins are similar to breccia veins referred to by Poulsen (1983) 

and Melling (1986) as the possible products of hydraulic 

fracturing (cf., Sibson et al. 1975). Earlier veins are one 

to several centimetres wide, and are inclined to the walls of the 

fracture zone, perhaps originating as en echelon sets or 

stockworks of extension veins. They are now buckled between 

faults of the system, commonly dismembered along fractures, and 

in a few instances highly sheared; fragments of vein near the 

southeastern end of the trench possess a mylonitic foliation and 

smoky grey colour. These veins contain pyrite and sphalerite, and 

most contain actinolite radiating from their selvedges. Other 

early veins contain tourmaline. Foliations in openly flexed, 

fault-bounded segments of previously deformed metavolcanic rock 

are locally dilated and filled with calcite and minor pyrite 

(Plate 31). Neighbouring breccias, which consist of angular 

metavolcanic fragments in a carbonate matrix, are probably the 

result of brittle faulting of the products of this process. All 

generations of vein in this system have been found to be 

auriferous (Section 4.15.2).

The northwest-striking fractures are refracted as they enter 

the feldspar porphyry to the northwest (B-2). The prominent
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phyllonite zone is affected slightly by fracture offsets (Figure 

8).

The fractures and veining of the main trenches end to the 

southeast against a northeast-striking (C foliation 065 0 760 0 ) 

shear zone (B-3), in which schistosity traces from the core of 

the shear zone outward suggest a sinistral shear component.

Several artificially stripped outcrops (B-4) to the east of 

B-3 expose a simpler system of steep, east-striking veins 

oriented clockwise to the east northeast-striking schistosity of 

the moderately foliated metabasalt (Figure 8). These veins are 

only a few centimetres wide and thin terminally. Although they 

appear to follow discrete fractures, displacement along these 

fractures is minimal and is only locally evident at the eastern 

end of the eastern outcrop. Many of the veins are affected by 

minor sinistral offsets along northeast-striking fractures, and 

by subordinate dextral offsets along northwest-striking fractures 

(B-4 and B-5).

In summary, the Ray Smith exposures show two contrasting 

vein-fracture systems, one exposed in the northwest trenches and 

the other in the stripped outcrops to the east-southeast. Both of 

these post-dated the majority of the sinistral shear deformation 

in the vicinity.

The system exposed in the northwest trenches is located 

between two sinistral shear zones, but truncates other shear 

zones of this regime. It also produces minor dextral offsets of 

the sinistral shear zone to the north. Several generations of

97



vein were eraplaced within the zone, the early simple extension 

veins possibly generated before brittle fault offsets along the 

northwest-trending fractures, and later, more massive, breccia- 

bearing veins sited along these fractures during faulting.

In the east-southeast system, a series of simple veins 

follows several fractures, which rarely site displacement. These 

fractures are in an unlikely orientation to have opened much 

during the sinistral shear regime, although they could perhaps 

have originated as incipient, antithetic, secondary fractures 

(R f ); if so, they are anomalously numerous for such a moderately 

to weakly foliated zone. It is considered more likely that they 

were filled later, perhaps during the onset of localized dextral 

activity nearby.

4.14.3.3 Highway and Power Line Northeast of Kabaigon Bay (C)

Highway outcrops northeast of Kabaigon Bay (Figure 9) 

expose well-foliated metadiabase cut by feldspar porphyry, both 

affected by a northeast-trending, mylonite-cored, shear zone 

(Locations C-l, 2, 3), bounded to the northwest by 

he terogeneously deformed metavolcanic and possibly 

metasedimentary rocks (Location C-4) , passing farther to the 

west-northwest into a zone of kinked and fractured phyllonite 

(Location C-5). Outcrops of mafic, calcite-rich rock on the power 

line south of the highway are virtually aphanitic, but grade 

locally into recognizable, although highly deformed, metadiabase
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(Location C-6).

At Location C-l, the metadiabase shows a strong, northeast- 

striking composite foliation (Plate 6a) comprising a sigmoidal 

schistosity, defined by the crude planar alignment of ' 

tremolite/actinolite shreds, which is crenulated by a finely 

spaced planar fabric, also defined in part by

tremolite/actinolite, parallel to the margins of the neighbouring 

banded mylonite zone. These fabrics are considered to be S and C 

fabrics (Section 4.14.2.2), and in this part of the outcrop 

indicate a strong sinistral shear component. At this locality in 

the outcrop, these fabrics are homogeneously developed in the 

metadiabase, and are truncated by a narrow, dextral shear zone 

which curves eastward from an east-west orientation into the 

northeasterly orientation of the precursor sinistral shear 

plane foliation; the narrow, dextral shear zone has begun to 

'excavate' a lozenge of foliated metadiabase (Plate 32). The 

latter suggests that part of the sinistral shear zone has been 

affected by a dextral fault which both cuts obliquely across 

earlier fabrics and deflects along an earlier sinistral shear 

plane, reversing its displacement sense.

At Location C-2, foliation intensifies from both northwest 

and southeast into a northeast-trending (050 0 to 055 0 7steep), 

banded mylonite zone (Plate 7). The mylonite encloses lithons of
9

less deformed mafic rock (Plate 33), as well as numerous boudins

of almost aphanitic felsic rock with scant feldspar

porphyroclast s (Plates 12, 13). Quartz rods in the felsic boudins
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Plate 32:
Plan view of the tectonic "excavation" of a previously 

foliated metadiabase lozenge along a dextral shear 
fracture zone, Location C-l near Kabaigon Bay.

Plate 33:
Banded mylonite with lozenges of less highly deformed 

metadiabase, Location C-2 near Kabaigon Bay.
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define a subhorizontal stretching lineation (locally 055 -~) 5 0 

but torsional). A more easterly to southeasterly striking 

cleavage with centitnetric spacing caused obvious brittle and 

ductile dextral offset in the banded mylonite (Plate '8) and the 

felsic boudins. Boudins which have not been affected by the late 

offsets display L-S fabrics that are more or less concordant with 

their margins. However, the internal fabrics of boudins affected 

by the offsets are truncated abruptly by them; next to the 

offsets the foliations of the boudin are in places opened and 

filled with quartz (Plate 13). Therefore, the intense internal 

deformation and boudinage of the feldspar porphyry within the 

mylonite zone occurred before these dextral offsets. The west 

side of the outcrop displays minor, north-northeast-striking 

(015V90 0 ), sinistral fracture offsets of the mylonitic banding, 

conjugate to the predominant dextral fractures.

At Location C-3, the zone of mylonite extends through the 

outcrop of foliated metadiabase. Here, locally penetrative, 

east-west-striking foliations (S(2) at 070 0 770 0 to 090 0 783 0 ) can 

be seen crosscutting the predominant, northeast-1 rend ing, 

earlier, shear plane foliations . (S(l) , or earlier C foliation, at 

045V82 0 to 045V80 0 ) next to the mylonite. A steeply-plunging, 

southeast-trending lineation (e.g., 116 0  > 70 0 ) related to the 

intersection of these two foliations can be observed in outcrop. 

Here also, the steep face of the outcrop displays arrays of 

quartz-filled extension veinlets, and 'foliation fish 1 indicating 

late increments of north-side-up displacement (Section 4.14.2).
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The quartz veins crosscut steeper carbonate veinlets along the 

foliation. Adjacent to the southeast side of the mylonite zone, 

a moderately deformed, clearly recognizable feldspar porphyry 

dyke is segmented in blocks by minor northwest-trending faults.

In the east part of Location C-4, an assemblage of both 

mafic metavolcanic and interflow metasedimentary rocks cut by a 

feldspar porphyry dyke has wavy, northeast-striking, steeply 

dipping schistosities (e.g. 035V90 0 , 045 0 782 0 , 050 0 782 0 ). 

Carbonate alteration and carbonate veining increase to the west, 

where small carbonate extension veins cut across the foliation in 

a counterclockwise sense at 025/steep, and are dextrally faulted 

along minor fault planes at 055 0 7steep. North of the highway, 

strong, northeast-striking fabrics ('S(l)'s probably, but not 

certainly, C foliations related to the initial shear zones) are 

cut by more east-northeast-striking fabrics (e.g., S(2) 065 0 790 0 , 

07lV85 0 , and 038 0 Xsteep), with a steeply southeast-plunging 

intersection lineation (e.g. 116 0  > 81 0 on the earlier S(l) 

039V85 0 ) .

At Location C-5 on the southern side of the highway, the 

foliations intensify westward into a phyllonite zone. Sinistral 

and dextral kink bands are common. The western part of the 

exposure consists of slumped, very rubbly, phyllonite or 

chloritic slate, in which the northeasterly striking phyllonitic 

foliation is cut by at least one northwest-1 rend ing fault and 

numerous fractures and kink bands striking north-northeast and 

northwest. Some indicate dextral offset, but others, both
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northeast- and northwest-trending, are sinistral.

Outcrops at Location C-6, on the power line to the south of 

Locations C l to C-3, are so highly deformed and calcitic they 

are almost aphanitic. However, they pass into some highly 

deformed but still recognizable raetadiabase patches showing a 

mineral aggregate lineation (L(A) 224 0 > 25 0 ). These rocks are 

riddled with foliation planes, the two most prominent sets 

striking northeast at 071V90 0 to 246 0 7steep and at 041 0 790 0 . A 

third set strikes 320 0 790 0 to 300 0 790 0 , and a fourth set of 

short blind extension fractures strikes at 015V90 0 to 020 0 790 0 . 

A fifth set of extension fractures dips very gently, amd is thus 

very difficult to measure.

In summary, these outcrops show several prominent 

northeasterly trending mylonite and phyllonite zones in which 

early displacement is interpreted as sinistral, subsequently 

overprinted by crenulation and fracture cleavages, minifaults, 

and shear zones of more easterly to southeasterly trends showing 

both sinistral and dextral displacement senses. Of the 

overprinting structures, the dextral shear zones and offsets are 

more significant at Locations C-l through C-3, having generated 

penetrative foliations locally, offsetting lithological contacts, 

and forming narrow ductile shear zones which pass into and 

reactivate pre-existing sinistral shear planes. The outcrops in 

Locations C-5 and C-6 probably expose the southeastern extension 

of a northwest-trending, dextral shear or fault zone, which 

produced a minor offset in the Postans Fault to the north and
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interfered with the earlier shear zones; this structure may be 

dying out here. In Locations C-2 through C-6, the late sinistral 

(and dextral) kinks and fractures likely accompanied or followed 

the late deformation episode of dextral shearing and faulting, 

and represent minor displacements resulting from either 

relaxation or local northwest-southeast shortening. In fact, the 

abundant kinks and fractures may reflect structural complexities 

which could be anticipated near the termination of the 

northwesterly trending dextral shear/fault zone.

4.14.3.4 J. F. West Area (D)

The J. F. West area exposes mafic metavolcanic rocks 

intruded by the Pistol Lake trondhjemite stock and several 

lamprophyre and quartz syenite dykes (Figure 10). The Pistol Lake 

stock is affected pervasively by sericite -f ankerite * albite 

alteration (Section 4.8.2). The southern margin of the intrusion 

is overprinted by one of the sericite-ankerite schist zones along 

Highway 11, to the north of which gold values have been obtained 

from the late-stage quartz veins (D-l). Another of these zones 

extends southeastward through the centre of the body into 

metavolcanic schists (D-2). Abundant, small scale fractures and 

faults along which iron oxides are concentrated are displayed by 

outcrops of metavolcanic rock southeast of the intrusion (D-3), 

whereas Location D-5 displays actinolite- and quartz-filled 

fractures also characteristic of this general area. One of the
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J.F. WEST AREA

Quartz syenite dykes (10) 

[X;X]. Pistol Lake Stock (7) 

[v::;:;l|| : -:| Feldspar quartz porphyry (5)

Mafic metavolcanic-rocks with subordinate 
'———' interflow metasedimentary rocks
•m Lamprophyre dyke
—. traces of veins (qv squartz;act *actinolite)

qv quartz vein

ductile shear zone which may focus brittle 
deformation

Symbols as on figure 4

O metres 500 ~ s

Figure 10: Geology of the J.F West area, Location D, 
showing the general geometry of the Pistol 
Lake stock, quartz syenite dykes, feldspar- 
quartz porphyry, and the main fabrics, shear 
zones and fractures.
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latite dykes on the property, which is heavily carbonatized and 

contain profuse pyrite, is exposed at Location D-4.

At Location D l, the southern contact of the southern arm of 

the Pistol Lake stock is overprinted by one of the prbminent 

sericite-ankerite schist zones, which is seen in the easternmost 

roadside granitoid outcrops south of the highway. Outcrops to the 

west, in the centre of the arm, show the gradation from the 

marginal zone of intense, penetrative foliation northward through 

a zone of inhoraogeneously developed schistosity and discrete 

shear fractures (southern side of the highway) to a zone 

dominated by brittle fracturing (northern side of the highway). 

One of the more prominent shear zones south of the highway, in 

the eastern part of the long outcrop, strikes west (shear plane 

at 270V60 0 to 275V70 0 ). If this zone is related to the adjacent 

schistosity at approximately 288 0 781 0 , it is sinistral in sense. 

It strikes across, but is slightly affected by, a conjugate set 

of northeast-striking sinistral and northwest-striking dextral 

shear fractures. Shear zones of similar scale further west on 

this long outcrop strike more northwesterly and are equivocal in 

sense. In the westernmost lobe of the outcrop, conjugate shear 

fractures of smaller scale are truncated by another one of the 

equivocal northwest-striking schistose zone (Plate 34).

The outcrops on the north side of the highway at Location 

D-l are highly fractured but unfoliated, and show several 

generations of quartz, quartz-carbonate, and quartz-carbonate- 

albite veining. The most prominent veins belong to a late set of
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Plate 34:
Conjugate shear fractures (centre and top of photo) 

north of the schistose southern margin of the Pistol 
Lake stock. Conjugate set is truncated by the more 
prominent, discrete northwesterly trending fissi 1 e zone 
at base of photo. Looking obliquely to south at 
Location D-l south of Highway 11.

Plate 35:
Moderately northeast dipping quartz veins cutting 
carbonatized and fractured trondhjemite of the Pistol 
Lake stock. Looking northeast at Location D-l, north 
side of Highway 11.
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northwest-striking, moderately north~dippihg quartz veins (Plate 

35) which contain minor Fe-carbonate, albite, and pyrite. 

Polycrystalline pyrite aggregates occur within and around vein 

margins. Earlier, fine veinlets of quartz, albite and ' carbonate 

are irregular, flooding fracture zones, and are also accompanied 

by fine grained pyrite. These veins and their margins are 

auriferous (Schneiders and Dupta 1985, and Table 1-12, Appendix I 

of this study).

At Location D-2, trenches on either side of a small access 

road to a brush burning site expose ankerite -t- sericite +S- 

chlorite schists derived mainly from mafic metavolcanic rocks. 

These schists contain minor pyrite locally, and gold values have 

been reported from this zone (unpublished company reports, 

Resident Geologist's Files, Ontario Ministry of Northern 

Development and Mines, Thunder Bay). In the northern trench, 

millimetre sized albite veinlets crosscut the strong foliation (a 

C foliation at 269 0 774 0 ) at a slight counterclockwise angle and 

are locally buckled. It is likely that this is the extension of 

the shear zone which overprints the southern margin of the Pistol 

Lake stock. West of the northern trench, another trench (Figure 

10) exposes highly altered Pistol Lake stock which is still 

recognizable at the southern end of the trench, but which passes 

northward into another zone of carbonate-rich schist with 

southeast-striking foliations (C foliations at 308 0 769 0 ). If this 

is a discrete, southeast-trending dextral shear zone, it probably 

interfered with the pronounced shear zone exposed in the
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trenches: a dextral offset of the latter zone would explain why 

it cannot be traced into the neighbouring outcrops of mafic 

metavolcanic rock, but reappears in the centre of the clearing a 

little to the east-southeast (Figure 10).

At Location D-3, whalesback outcrops of pillowed metabasalt 

show no penetrative ductile deformation and little or no 

carbonatization. However, the rocks are in places affected by 

numerous brittle fractures, one prominent set oriented at 

060 0 7steep, another dipping gently northward but difficult 

measure because of the similar slope of the outcrop surface, and 

a third striking approximately north-south at 354 0 783 0 . The 

north-south fractures show sinistral displacements (Plate 36). 

These displacements perhaps explain why it is so hard to trace 

continuous pillow rims in some parts of the outcrop; fractured 

pillow rims evident in some places may even falsely suggest a 

mass of volcaniclastic rock. The abundance of these small, 

closely spaced faults in this area is anomalous, and possibly 

reflect deformation in an extensional environment in the 

'pressure shadow* of the relatively rigid, carbonatized Pistol 

Lake stock. It is uncertain which stage of regional deformation 

they accompany, which would affect how they are interpreted; they 

could have either preceded or overlapped the early development of 

the shear zones.

A further examination of the two pillow lava outcrops of D-3 

shows that some of the fractures are filled with specular 

hematite and/or show red weathering indicative of oxidation.
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Plate 36:
Outcrops of fractured pillow lava showing north-south 
fractures slnlstrally offsetting pillow selvedges (lower 
right centre of photo). Full arrow points north. 
Location D-3, J. F. West Property.

Plate 37:
Small outcrops of pillow breccia and hyaloclastite with 

fractures and local matrix replaced by magnetite and 
chlorite. Northeast of Location D-3, J.F. West area.
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Magnetite can be seen occupying interpillow spaces in the western 

outcrop, and at one such locality penetrates a short distance 

along one of the crosscutting fractures, where it gives way to 

hematite. To the northeast of these outcrops, small outcrops of 

altered hyaloclast ite(?) or some other volcaniclastic rock show 

magnetite coating fragments and magnetite, chlorite and epidote 

filling the matrix (Plate 37). This alteration is an example of 

that developed over a much wider area from Mathe Lake east to the 

J. F. West Property.

Outcrops around Location D-4 (Figure 10) contain several 

highly altered, southeast-striking, quartz syenite dykes. 

Outcrops north of the power line show the heterogeneous 

development of east-southeast-trending shear and fracture zones, 

and an intense reddening of the mafic metavolcanic rocks that 

obscures contacts with the fine grained, sugary red dykes. Tinder 

the power line, one of these dykes exhibits an east-striking 

cleavage, and is so highly altered to ankerite and sericite that 

none of the ferromagnesian pseudomorphs remain. Profuse pyrite 

overprints any foliation present; one sample assayed 0.03 oz/ton 

Au. Pyrite occurs within and around other, similar dykes to the 

west along the power line (Figure 10).

East of Location D-4 and south of the power line, the 

outcrop at Location D-5 exposes a prominent, west-northwest- 

striking mylonite zone (mylonite zone and C foliation at 

293 0 786 0 ) overprinting either cherty interflow me tasedimentary 

rocks or quartz veined metabasalts along its northern side



(Figure 11). A band of massive, epidotized metabasalt is 

juxtaposed along the southern side of this mylonite zone, and is 

in turn in abrupt (faulted ?) contact with a 10 to 25 cm thick 

quartz-rimmed actinolite vein defining part of a sigmoidal fold 

(Figure 11). Unfortunately, the fold is not sufficiently exposed 

to determine its true vergence and to define fabric orientations 

away from the vein. This vein could have originated in several 

ways: (1) filling of an extension fracture related to the 

sinistral regime, and sigmoidal folding within this structural 

environment before faulting by the dextral regime; (2) filling of 

a extension fracture during the dextral regime, followed by 

folding and faulting related to that event; and (3) filling of a 

pre-existing sinistral shear plane during the dextral event, and 

subsequent deformation as above. One of the latter two origins is 

favoured at present, in the light of similar veins seen north of 

the Bandore trenches (E-4) and east-southeast-trending 

ac tinolite-quartz fracture fillings along the power line east of 

Location D-4.

In general, exposures on the J.F. West Property show the 

interference of later, southeast-1 rending, dextraK?) shea.r zones 

upon the earlier, northeast-trending, sinistral shear zones. 

Carbonate-sericite alteration is locally present outside the

earlier shear zones in this area, pervasively affecting the
.

Pistol Lake stock and metabasalts northwest of the stock, and in 

particular coinciding with southeast-trending shear l f raeture 

zones and quartz syenite dykes along the power line.
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Mylonite with quartz or chert stringers

Rubble

Massive metabasalt in fault? (or intrusive?) contact

Actinolite-quartz vein

OUTCROP D-5, J.F. WEST PROPERTY

Figure li: Folded and fault(?)-truncated actinolite vein, 
Location D-5.
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Other alteration, in the form of epidotization and 

concentrations of magnetite and hematite, is common throughout 

the J.F. West area. Neither the epidote nor the oxide 

concentrations are uniquely associated with pronounced 

structures, except for minor fractures filled with iron oxide 

and/or minor chlorite- and epidote-filled hairline extension gash 

arrays. Magnetite also occurs as concentrations within 

metabasalt, commonljp around mafic phenocrysts, which suggests an 

alteration effect more widespread than the fracture zones, 

possibly either synchronous with or later than the fractures. The 

fractures themselves are of uncertain affinity in the deformation 

history.

4.14.3.5. Bandore Property and Area (E)

Mafic metavolcanic rocks cut by metadiabase and feldspar 

porphyry are exposed in the Bandore area (Figure 12). Porphyry 

exposures west-northwest of the Bandore trenches (Location E-l) 

are affected by the intersection of southeast- and northeast- 

trending shear zones and fractures. The northern contact of a 

body of feldspar porphyry, exposed at Location E-2 in the Bandore 

trenches and in a bulldozed outcrop, is overprinted with a 

steeply dipping, east-striking carbonate-sericite schist zone 

which appears to terminate with the porphyry in a wide area of 

overburden to the west. A steeply dipping, southeast-striking, 

dextral shear zone is exposed along a cottage access road
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northeast of the Bandore Property (Location E-3). At Location E-4 

(Figure 12), metadiabase is affected by minor, northeast-trending 

shear fractures and sterile, southeast-trending fractures, both 

of which are occupied by actinolite veins with bleached rims. 

Northeast- to east-trending, sinistral shear zones, with less 

alteration than that at the Bandore Property, traverse 

raetadiabase and metavolcanic rocks on the northern side of the 

highway from west of the garbage dump road to the power line. 

Interference with the southeast-striking shear planes is 

observed, and the northeast-trending shear zones swing clockwise 

eastward until they abut against a more prominent, southeast- 

trending fracture/shear zone under the power line next to the 

Swamp River (Location E-5).

Location E-l is a flat, glaciated outcrop encircled from 

northwest to northeast by low ground. The surface displays a 

network of brittle and ductile fabrics. Of three sets of steeply 

dipping fractures, the north-northeasterly striking set shows no 

displacement, whereas the east-northeasterly and northwesterly 

striking fracture sets show minor sinistral and dextral 

displacement, respectively (Figure 13: area A). The steep 

schistosity in this outcrop strikes slightly south of east 

(095 0 790 0 ), and intensifies as it rotates counterclockwise into 

numerous, narrow, northeast-striking, subvertical shear zones 

(Figure 13: areas B, C), suggesting a component of sinistral 

shear. An interlocking set of steeply dipping, southeast-striking 

fractures (110V90 0- 120V90 0 ) produces minor dextral offsets in
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these shear zones, and are, in places, spaced closely enough to 

give the outcrop a lensoid aspect (eg. Figure 13: area C). In the 

centre of the open outcrop area, a few east-southeast-trending 

shear or phyllonite zones consitute the broadest and most 

prominent schistose zones of the outcrop area (eg. Figure 13: 

area C). A sense of shear cannot be determined on these schistose 

zones because: (1) there is no rotation coupled with an 

intensification of the schistosity into these zones as in the 

case of the northeast-striking shear zones to which they are more 

likely related; and (2) there are no crenulations or veinlets 

which occur selectively in the shear zone. A dextral sense of 

shear or displacement can only be assumed by analogy with the 

better defined structures of similar orientation elsewhere.

In the western part of Location E-2, a bulldozed outcrop 

exposes feldspar porphyry very similar in phenocryst and 

ferromagnesian content to the porphyry at Location E-l. The 

structure in this outcrop is dominated by moderately spaced shear 

zones and sterile fractures striking east-northeast (255 0 7steep) 

(Figure 14). The schistosity in the outcrops is very 

heterogeneous in intensity, and for the most part subvertical and 

east-striking. It intensifies as it rotates counterclockwise into 

parallelism with many of the steeply dipping, east-northeasterly 

striking shear planes (Plate 38). Some of these shears are very 

minor, and terminate within short strike lengths. However, 

several are extensive, and form an en echelon or pinnate 

array stepping both right and left from one end of the outcrop to
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Plate 38:
Foliation intensifies as it rotates counterclockwise 

into a pyritized shear fracture zone. Top view of 
feldspar porphyry at Bandore bulldozed outcrop, 
Location E-2. Brunton compass points north.

Plate 39:
Moderately deformed raetadiabase with southeast- 
(sterile) and northeast-striking (sinistral shear), 
bleach-rimmed fractures filled with actinolite. Brunton 
compass points north on flat outcrop.

121



the other. The left stepping pair at mid-outcrop is bridged by a 

brittle, northeasterly striking, cross fracture (030 0 790 0 to 

035 0 790 0 ). As in E-l, southeast-striking fractures produce minor 

dextral offsets in the numerous east-northeast-trendihg fractures 

which parallel the shear zones (Figure 14). The major, pinnate 

shear zones and the bridging fracture have haloes of pyrite- and 

carbonate-bearing alteration and localize pyrite segregations, as 

well as a minor wisp of vein quartz at the northeast end of the 

outcrop. Pyrite also penetrates along the schistosity within and 

near the main shear zones (Figure 14, Plate 38).

In the eastern part of Location E-2, the Bandore trenches 

expose multiple, wide, steeply north-dipping, easterly to 

east-southeasterly trending, sericite-carbonate schist zones 

within which narrow quartz veins, accompanied by auriferous 

sulphide mineralization, are attenuated and highly deformed 

(Figure 15).

Location E-3 consists of several roadbed exposures of a 

southeast-trending sericite-carbonate schist zone affecting 

metavolcanic rocks. The zone is several metres wide and the 

C foliation at 115 0 786 0 is intense, as in other schistose 

zones. The strong foliation is affected by clockwise (dextral) 

shear band crenulations (approximately 145 0 7steep), and 

schistosities in a nearby outcrop of pillow breccia dip 

vertically or steeply northeast and strike southeast 

(S 286 0 7steep to 105 0 790 0 ). The C and C' fabrics suggest a 

dextral shear component for this zone, which affects metavolcanic
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rocks that were probably already schistose.

At Location E-4, raetadiabase on the northern side of the 

sheared and carbonatized contact with the Bandore feldspar 

porphyry bears the moderate imprint of a wavy, east-northeast- 

striking schistosity (S 265 0 X75 0 approximately). The schistosity 

is rotated locally into wavy, more northeasterly striking, 

sinistral shear zones, which are overprinted by sterile fractures 

striking approximately 315 0 . In outcrops on the crest of the 

hill, both southeast- and northeast-trending structures host 

actinolite-cored veinlets with bleached rims (Plate 39).

In ridge outcrops north of the highway at Location E-5, 

metadiabase shows predominantly sinistral shear fabrics along the 

southern side of the ridge, and the interference between 

northeasterly and southeasterly trending, sinistral and probably 

dextral (respectively) structures at the crest of the ridge. 

Large outcrops on the power line to the east also expose both 

sets of shear zones and fractures (Figure 12).

In summary, the structural imprint on these outcrops also 

points to a history which involves the development of sinistral 

shear zones, followed by a later overprint onvolving shear zones 

with a shear sense which is defined as dextral only locally in 

outcrop (eg., Location E-3), but which are parallel and likely

related to the dextral regional faults along the northern margin
*

of the greenstone belt (Section A.14.1). The largest exposed zone 

of carbonate-sericite schists is in the Bandore trench area, and 

the outcrop to the west southwest of the trenches suggests that
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this is related to the predominantly sinistral event. However, 

the dextral, southeast-trending shear zone to the northeast of 

the Bandore area (E-3) is also marked by a carbonate-sericite 

schist zone; it is ambiguous as to whether this zone is a 

reoriented and re-activated sinistral carbonate-sericite schist 

zone or whether it originated as a crosscutting dextral zone 

which localized carbonatization. The narrow, auriferous quartz 

veins in the old Bandore trenches are highly deformed, either by 

the earlier sinistral regime or by the ensuing dextral one. The 

localization of auriferous pyrite and minor quartz along the 

sinistral shear zones or fractures in the stripped outcrops 

suggests that the auriferous mineralization occurred along the 

fractures either during or after their development. There is no 

evidence in the veins of crack-seal or breccia textures 

suggestive of hydraulic fracturing, and pyrite seams and possibly 

also the quartz veins in the old trench appear to be in a strange 

orientation for extensional opening and infilling during the 

sinistral deformation stage. It is therefore tentatively 

suggested here,that the emplacement of quartz veins and sulphide 

precipitation along previously formed shear planes during the 

dextral event.
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4.14.4 Timing of Metamorphism and Alteration Relative to 

Structural Development

The timing of metamorphic and metasomatic alteration effects 

relative to structural development and deposition or emplacement 

in the Highway 11 area is summarized in Table l as accurately as 

possible from the data presently available. The metamorphic and 

alteration effects displayed here include greenschist facies 

metamorphism, carbonatization and sericitization, iron oxide 

enrichment and related or unrelated epidote and chlorite 

segregation, actinolite veining, and quartz veining.

4.14.4.1 Greenschist Facies Metamorphism

Greenschist facies metamorphism is probably superimposed on 

inferred subseafloor metamorphism and pneumatolitic alteration of 

the metavolcanic rocks and metadiabases, respectively. The 

partial to complete alteration of phenocrysts of non-carbonatized 

parts of the Shebandowan Lake pluton (Section 4.9) and 

1 Timiskaming-type' metavolcanic rocks (Section 4.11) suggests 

that these conditions followed the emplacement of these rocks, 

although this could alternatively be as much a matter of residual 

magmatic heat as regional metamorphic conditions following 

burial. Nevertheless, greenschist facies metamorphic conditions 

outlasted the development of some of the prominent shear zones in 

the area, because in the few that are not heavily carbonatized ,
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TAflLE 1: SYNOPSIS OF DEFORMATIONAL, METAMORPHIC, AND DEPOSITIONAL/INTRUSIVE HISTORY IN HIGHWAY 11 STUDY AREA

OEFORMATIONAL EVENT ALTERATION AM) METAMORPHISM DEPOSITION AND EMPLACEMENT

Minor Faulting
Sub-greenschist facies to 
sub-metamorphic conditions Erosion

Major faults, such as NW-strlking Crayfish Creek 
Fault (SW of study area) and boundary between 
Quetico and Shebandowan Belts become fully 
developed.

Pronounced development of NW to W striking dextral 
shear zones, faults, causing flexing and local 
reactivation (dextral) of formerly sinistral shear 
zones.

Influence of overall SE-dlrected compression 
becomes felt. Main period of development of 
conjugate shear fractures and extension fractures 
In more competent units.

Continuing oblique-slip deformation, possibly 
transpresslve, of mainly sinistral, mainly 
SE-side-up shear sense resulting In formation of 
discrete ductile shear zones In metavolcanlc 
basement, granitoid Intrusions and 'Timiskaming* 
strata. Upright first phasef Isoclinal folds In 
•Timiskaming' strata (Brown 1986a) and upright, 
second phase Isoclinal folds In older metavolcanlc 
rocks and Iron formation (Morton 1982) south of 
study area.

Beginning of a deep crustal fracture system via 
onset of elthen (a) extenslonal rifting, or (b) a 
transtensional or oblique/strike-slip system which 
evolved Into the deformation regime responsible 
for the major ductile shear and fault zones 
(above) In the Shebandowan Belt.

Greenschist facies conditions prevail; 
Hydrous fluids escape along main 
fractures.

Fluids utilizing main crustal conduits 
becomes more HjO-rlch, less C02-rich.

Greenschist facies conditions prevaili 
high C02 fluid activity (resulting in 
ankerite precipitation) continues along 
main shear zones and deeply fractured 
terrains.

Greenschist facies metamorphism under 
relatively hydrous fluid condiitions 
prevails regionally, whereas 
metamorphic recrystallization under high 
COj fluid conditions is concentrated 
along many prominent, deep crustal shear 
zones and influences metamorphic 
assemblages In highly fractured areas 
between these shear zones.

Oxidation and subaerial weathering above 
and below unconformity, and along 
basement fractures.

Quartz veinlngi main episodes of 
gold mineralization.

Actinolite */- quartz veinlng.

Continuing burial due to volcanic 
and sedimentary deposition?.

Lamprophyre dykes.

Burial due to volcanic and 
sedimentary deposition?.

Latltic and shoshonitlc magmas 
emplaced syntectonically via 
fracture system, feeding 
'Timlskamlng-type' subaereal 
flows Interbedded with fluviatile 
sedimentary rocks.

-unconformity?-

Feldspar-quartz porphyries, 
Pistol Lake stock, Shebandowan 
Lake pluton.

Early deformation of uncertain nature (effects 
cannot be dlstlnglshed In study area)t possibly 
Involving nappes (e.g. Morton 1982) or 
underthrusting, or tilting resulting from either 
subsidence or thrusting.

Belt-wide effectsi
(a) If early deformation Involved 
subsidence In part of greenstone 
belt, widespread sedimentary 
burial and local unconformities 
might have resulted.
(b) If underthrusting or nappes 
were Involved, unconformities and 
very localized sedimentation, as 
well as CA magmatism might have 
resulted.

Deposition of mafic to 
Intermediate pillow lava - pillow 
breccia with minor Interflow 
mudstone, chert, iron formation, 
and a rare reworked feldspathic 
tuff, overlapping with the 
deposition of a felsic volcanic 
complex centred west of the study 
area. Metadlabase Intrusions are 
associated with the more mafic 
assemblage.
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greenschist facies mafic minerals persist (Section 4.5). The fact 

that the shear zones are predominantly ductile supports the 

hypothesis that they developed at depth and/or very slowly and/or 

under high fluid pressures, although there are yet no 

constrainton how deep, slowly, or wetly.

4.14.4.2 Carbonatization and Sericitization

The iron carbonatization and sericitization correspond 

spatially to the prominent sinistral shear zones throughout the 

map area and locally affect all rock units. In addition, the 

Pistol Lake stock and the latite/quart z syenite dykes on the J.F. 

West Property between these shear zones are pervasively altered. 

In considering the timing of the carbonatization process, it is 

noteworthy that lamprophyre and latite dykes are also affected 

with the same intensity and type of alteration as the sericite- 

ankerite schists they intrude. Because it is unlikely that this 

could have occurred merely by wallrock remobilization , and 

because the lamprophyres postdate the early history of the 

schistose zones (Section 4.13), the carbonatization and 

sericitization must have occurred during the development of the 

zone and outlasted the emplacement of the dykes.

Textures of the alteration minerals sericite, chlorite, and 

ankerite suggest that these minerals crystallized in their 

present habit before the end of the major deformation responsible 

for the schistose zones. Sericite is aligned along foliations and
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was affected by the crenulation or C 1 fabric, suggesting that its 

development was syntectonic. Likewise, ankerite rhombs that 

overprint the foliation form augen within it, and were affected 

by cleavage-controlled, sympathetic and subordinate antithetic 

offsets during the formation of the augen.

The ankerite veinlets appear to have resulted from 

brittle-ductile deformation at a late stage in the sinistral 

shear regime before being affected by dextral shear. In a few 

cases, the geometry of the veinlets and the fabrics of the 

schists suggest veinlets appeared during dextral shear itself. 

An overlap of the carbonatization from the sinistral to the 

dextral shear regime is probable. Because the stable 

crystallization of ankerite depends on high P(C02) at 

greenschist facies temperatures, it is suggested that the 

segregation of ankerite along veinlets is not merely 

remobilization at a late stage, but remobilization under 

approximately the same P-T-fluid conditions as the original 

alteration. It thus represents a late stage in this alteration 

episode .

In summary, the carbonatization and sericitization

associated with the shear zones took place during a late stage in 

the deformation history, the carbonatization lasting at least 

through the onset of the dextral deformation regime. It is 

probable that this alteration also occurred under the external 

P-T conditions of greenschist facies metamorphism, which were 

regionally ambient during deformation.

129



4.14.4.3 Oxidization and Spatially Associated Iron Oxide, 

Epidote and Chlorite Segregation

Concentrations of iron oxide, and segregations of epidote 

and chlorite in metavolcanic rocks of the Mathe Lake - J.F. West 

area appear both as random overprints and along certain 

structural positions. Epidote fillings in very numerous, blind 

hairline fractures and also occupy in extension gash arrays 

(Plate 3), suggest that the segregation of epidote components is 

concurrent with some stage of deformation. The occurrence of 

specular hematite along many fractures, as well as narrow to wide 

haloes of reddening and bleaching around fractures, also suggests 

that some of the alteration was controlled by the fractures. 

However, magnetite ^ epidote jf chlorite enrichment also occurs in 

other areas susceptible to alteration, such as interpillow 

spaces, pillow selvedges, and matrices of volcaniclastic lenses. 

Magnetite patches also sporadically overprint igneous textured 

metabasalt away from fractures and pillow margins. It is 

therefore probable that this alteration occurred after the 

formation of the fractures, but was not specific to them and 

affected all rocks, particularly in zones of weakness.

Several alternative scenarios might explain these features, 

and several questions need to be answered before any scenario can 

be evaluated confidently: (1) Are the constituents of the iron 

oxide and the epidote and chlorite locally or externally derived? 

(2) Would the geometric pattern defined by the numerous fracture
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sets and extension gash fillings be compatible with either of the 

simple shear dominated deformation regimes, or are they 

geometrically incompatible? (3) Can the relative timing of 

fractures with shear zones be determined? (4) Are the-minerals 

now found in these segregations and alteration haloes those that 

were there originally, or have they been transformed during 

greenschist facies recrystallization? (5) Under what conditions 

of alteration, metasomatic or isochemical on an outcrop or larger 

scale, are the mobilization or remobilization and deposition of 

each of the alteration constituents in these rocks possible?

It is presently speculated that the alteration effects 

described may be compatible with deep subaerial weathering which 

post-dated the onset of fracturing and minor faulting, and 

predated greenschist facies metamorphism and the development of 

the pronounced shear zones. The occurrence of epidote 

constituents in hairline veinlets and chlorite constituents along 

fractures would not be unusual under these conditions, as it is 

common to find segregations of epidote and chlorite in mafic 

metavolcanic rocks as greenschist facies replacements of zeolites 

(vapour phase products), glass, and clay minerals (weathering 

products) in any subvolcanic or near surface environment. In 

particular, this might explain the minute segregations of epidote 

along hairline fractures in this area. If weathering under 

oxidizing conditions were operative, some of the ferromagnesian 

silicate minerals of the mafic rocks would be partly broken down 

locally. However, weathering to clay minerals and oxidation
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would be favoured along fracture planes and within other zones of 

weakness. Iron hydroxides leached from nearby wall rock may have 

coated fractures, fragments, and other discontinuities as 

limonite or goethite. The subsequent recrystallization to the 

higher temperature, anhydrous minerals magnetite and hematite may 

have occurred during the greenschist facies metamorphism. If 

fluid flux was not excessively high so as to buffer the system, 

the oxidation state of the solid mineral mixture at the time may 

have buffered the assemblage formed, le., mixtures of clay and 

hydroxide (containing both ferrous and ferrie iron) in 

interpillow areas and fragmental matrices may have become 

magnetite and chlorite, whereas limonitic fracture coatings 

(containing only ferrie iron) have become hematite.

Alternative scenarios might involve influxes, during or 

after fracturing, of highly caustic, oxidizing fluids capable of 

either supplying iron or leaching it from the rocks and 

depositing it as magnetite in interpillow spaces and fragmental 

matrices, and as hematite upon cooling, coeval with the 

development of fractures.

The oxide alteration in this area may have more widespread 

regional significance as a sign of former proximity to a subareal 

unconformity, and/or to 'Timiskaming-type' volcanomagmatic 

conduits. In the Huronian Mine area, segregations of both 

specular hematite and local magnetite along gently dipping 

fractures with reddened and bleached margins were observed above 

and below unconformities between metavolcanic flows and
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conglomerate interpreted as a 'Timiskaming-type' assemblage 

(Section 6). On the northern side of the Jalna Property in 

Duckworth Township, a broad zone of reddened, highly fractured 

felsic metavolcanic rock occurs near the contact of an 

association intercalated breccias (containing oxidized basement 

metavolcanic fragments and latitic in a green matrix) and highly 

vesicular, nonpillowed mafic flows tentatively interpreted as 

another f Timiskaming-type f assemblage. Similar heterogeneous 

effects of oxidation were noted by Shegelski (1980) in both 

arenites and subaerial flows and flow breccias of the Shebandowan 

group, and attributed by him to oxidizing interstitial fluids 

during diagenesis in a continental alluvial-fluviat ile 

environment similar to the setting of Phanerozoic redbeds. The 

localized oxidation in the metavolcanic rocks has alternatively 

been attributed to subaerial syn-emplacement alteration 

associated with brecciated flow margins (P.C. Thurston, 

geologist, Precambrian Geology Section, Ontario Geological 

Survey, personal communication, 1984), a hypothesis which would 

not preclude oxidation during diagenesis of nearby sedimentary 

rocks or weathering of the basement. H. G. Brown (geologist, 

Mineral Deposits Section, Ontario Geological Survey, personal 

communication, 1984) has identified localized oxidation of 

dacitic netavolcanic rocks near the extension of the unconformity 

with the Shebandowan group along the Shebandowan Mine Road.

The hypotheses suggested above imply that the oxidation and 

weathering processes, as well as the formation of some of the
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fractures in the area, predated the development of

the major shear zones, as well as the greenschist facies

metamorphism and structurally controlled carbonatization.

4.14.4.4 Actinolite Veining

Little attention has yet been paid to the actinolite 

veining, other than casual field observation. In the J. F. West 

area, field observations suggest that it precedes or accompanies 

the dextral shear/f raeture regime: veins in part follow east-west 

fractures in the zone of east-southeast-trending structural 

transposition and fracturing under the power line east of 

Location D-4 (Figure 4, back pocket), and a vein at Location D-5, 

oriented at an angle to the east-southeast strike, is truncated 

by an east-southeast fault and mylonite zone (Section 4.14.3.4, 

Figure 11). It is tentatively suggested that the 

actinolite-quartz veins in metadiabase north of the Bandore 

trenches were also emplaced after the onset of the dextral shear 

regime (Section 4.14.3.5).

4.14.4.5 Quartz Veining

Minor extensional quartz veins occur in a few of the shear 

zones along Highway 11, where they suggest a north-side-up, 

vertical component of shear, as opposed to the south side up, 

vertical component suggested by most of the earlier carbonate
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veinlets formed under the influence of the predominant sinistral 

shear regime.

The major quartz veins in the area are the auriferous Ray 

Smith vein system, the auriferous quartz stockwork on 'the 

southern side of the Pistol Lake stock, quartz stockworks exposed 

in both carbonatized and uncarbonatized rocks east of Rossmere 

Bay (2 highway outcrops (Plate 40) noted on Figure 4, and in 

several drill holes), and the narrow, auriferous veins on the 

Bandore Property. Evidence collected to date points to most 

quartz veining occurring after carbonatization, and probably 

during the dextral shear regime.

4.15 Gold Mineralization in the Highway 11 Study Area 

4.15.1 Introduction

All of the rock units in the area were sampled for 

geochemical analysis in order to: (1) characterize metavolcanic 

suites and plutons for future comparison with other suites; and 

(2) determine whether gold anomalies correlate with specific rock 

or alteration types, or structural setting. It is stressed that 

regional background values and the general affinities of gold 

anomalies were the types of information sought; assessment 

of gold occurrences was not attempted.

Tables 1-1 through 1-12, Appendix I, show that most of the
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Plate 40:
Stockwork 

moderately
of conjugate quartz veins (barren) in 
deformed, relatively unaltered metabasalt
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rocks, both noncarbonati zed and carbonatized, contain less than 

10 ppb gold. Gold anomalies are mainly associated with 

sulphide-bearing quartz veins (Table 1-12), either entirely 

hosted by or at least traversing carbonatized schists'(Ray Smith 

Property, Pistol Lake stock, Bandore Property), with slightly 

elevated values locally in the schists or carbonatized rocks 

themselves. Anomalous gold is also associated with highly 

carbonatized and locally pyritized quartz syenite dykes on the J. 

F. West Property (Table 1-7).

The following are summaries of the geological setting of 

gold mineralization on the three properties investigated during 

this part of the study. That none of the information below is 

considered an assessment of the gold occurrences is 

re-emphasized. For the history of exploration and mineral 

assessment, the reader is referred to Schneiders and Dupta 

(1985).

4.15.2 Ray Smith Property

The Ray Smith Occurrence consists of a northwest trending 

system of fractures and quartz veins exposed in a series of 

trenches and artificially stripped outcrops (Figure 8). The 

fracture-vein system crosscuts bedding and earlier ductile shear
V

zones in a he terogeneously deformed assemblage of metabasalt and 

meta-andesite with interflow metasedimentary bands. The latter 

consist mainly of chloritic and subordinate cherty beds, some of

137



which are rich in pyrite and pyrrhotite. Feldspar porphyry 

intrudes the metavolcanic rocks at the northwestern end of the 

main trench, and is exposed in a trench at the east-southeastern 

end of the stripped outcrops. It also occurs as irregular 

apophyses in metabasalt in the southern cleared outcrops. The 

early shear zones are preferentially sited along rae tasedimentary 

bands. One of the shear zones, approximately two-thirds of the 

way along the main trench system, consists of the 

carbonothermally altered sericite carbonate schists that are 

common east of the area.

The fracture system is complex and well developed along the 

main line of northwestern trenches, and numerous fractures within 

the up to 3 metre wide fracture zone have focussed minor faulting 

with dextral and unknown vertical components of displacement. 

This system of fractures is apparently truncated against a 

sinistral shear zone near the foot of the main trenches, and 

fades out to the northwest as it splays into the feldspar 

porphyry and another east-northeast-striking, sinistral shear 

zone which it offsets slightly. In the southeastern outcrops, the 

fracture system consists of several parallel fractures, only one 

of which appears to have sited displacement.

As pointed out previously (Section 4.14.3.2), quartz veins 

in the northwestern trenches were introduced during several 

st-ages in the development of the northwestern part of the 

fracture system, but are subdivided here merely into early and 

late stage veins. The earlier, narrow veins consist of quartz,
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actinolite, sphalerite, and pyrite. They were originally 

inclined to the main fractures, and are buckled between them, or 

locally mylonitized. Both fault-brecciated metavolcanic rock 

flooded with quartz, calcite, and fine grained sulphide, and the 

fault-bound wedges of metavolcanic rock whose early, northeast- 

striking, cleavage planes were dilated and filled with calcite 

and quartz, may have been filled either earlier or later than the 

early quartz-actinolite veins. The early veins and fault breccias 

are crosscut by the later, more massive, bifurcating, 

quartz-sulphide veins containing many fragments of brecciated 

host rock. These veins locally carry abundant sphalerite and 

chalcopyrite as well as pyrite and minor carbonate, and are also 

affected by minor faulting.

The quartz veins of the southeastern outcrops are much 

simpler, and consist of single stage quartz fillings of several 

of the east southeast-striking fractures (Figure 8). Only minor 

sinistral and dextral offsets along conjugate secondary fractures 

have affected these veins after emplacement. Actinolite, 

pyrite, chalcopyrite, and minor sphalerite were noted at the 

western end of this system, whereas only pyrite was observed near 

the southeastern end. Narrow, en echelon quartz veins sited in 

the feldspar porphyry in the small trench southeast of the 

stripped outcrops contain mainly chalcopyrite and pyrite.

All generations of vein carry gold values, with the highest 

values and potentially highest tonnages coming from the late 

stage quartz breccia vein exposed in the northwestern trenches
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(Table 2). Sulphide-bearing metasedimentary bands were also 

sampled for assay, both in the trenches and along the,highway to 

the north. None of the metasedimentary rocks yielded significant 

gold values (Table 2).

It has been suggested (Section 4.14.3.2) that the fractures 

may have ini tiated as normal (northwest fractures) and en echelon 

extension fractures across the earlier sinistral shear system 

under the influence of the final stages of the sinistral shear 

regime; hence, the apparent containment of the northwestern part 

of the fracture system between two predominantly sinistral shear 

zones. The earliest stages of veining may have also begun as 

fillings of these normal fractures or as small, en echelon 

extension veinlets oblique to them. However, it is considered 

most likely that the full development of the massive, breccia- 

bearing quartz vein in the northwestern part of the system 

occurred under the influence of the subsequent regional dextral 

overprint (Section 4.14.3.2) and possibly belt parallel 

extens ion .
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Table 2i ASSAY RESULTS FROM THE HAY SMITH PROPERTY AM) VICINITY.

Ag(ppm) Cu(pp-) Pb(ppx) Zn(Dpm) As(ppt*) Sb(ppt*) S(Wt.*) CO, (tt .O

Sample 1 Description
unless 

specified
unless unless 

specified specified

MA30R QUARTZ VEINS, RAY SMITH TRENCHES

84LBC387

84LBC395

85LBC396

84UK397

84LBC398

84LBC399

84LBC402

QiMrti vein with 
•Pi *Pf Wi cc.

Quartz vein with 
py. cp.

Quartz vein with 
Au, sp, cp.

Quartz-carbonate 
vein with act, 
W. ep.

Highly deformed 
dark coloured 
quartz-earl) vein.

Quartz vein with 
•P.
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4.15.3 J. F. West Property

The J. F. West Property is underlain by metabasaltic to 

meta-andesitic pillow lavas and pillow breccia with rare 

interflow me tasedimentary bands, intruded by feldspar porphyry 

dykes, numerous quartz syenite or latite dykes, and subordinate 

lamprophyre, all deformed heterogeneously by prominent shear 

zones (Figure 10). Between the shear zones, the rocks are 

heterogeneously deformed by very small scale ductile shear zones 

controlled by pillow rim or flow margins, and by local areas of 

pervasive fracturing. Many of the fractures show little 

displacement, except for minor sinistral offsets on north- 

striking fractures in the pillow lava outcrops east of the small 

access road and the trenches (Section 4.14.3.4).

Two major types of alteration, apart from the greenschist 

facies alteration and quartz veining, affect rocks in the J. F. 

West area: carbonate-sericite alteration, and iron oxide, 

epidote, and chlorite segregations along fractures and in patches 

(Sections 4.14.3.4, 4.14.4.3, and 4.3.1).

Carbonatization and sericitization affect all rock types 

locally, and are localized primarily in broad sinistral ductile 

shear zones, and in the trondhjemite of the Pistol Lake stock and 

quartz syenite dykes. These shear zones, now se ricite-ankerite 

schists, traverse the metavolcanic rocks and the southern margin 

of the Pistol Lake stock, and are both flexed and slightly offset 

by east-southeast-striking shear and fracture zones, an effect
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which prevails in the structures north and northeast of the 

stock. The Pistol Lake stock is thoroughly sericitized and 

carbonatized, even where little penetrative schistosity can be 

seen; its alteration is so intense that ferromagnesian silicate 

minerals are absent except for chlorite along very late fracture 

planes. In addition, many sub-millimetre scale fractures 

traversing the carbonatized trondhjemite of the stock are filled 

with albite jf quartz * ankerite j^pyrite, and locally crosscut by 

veinlets of fine grained quartz. Many of the very fine 

veinlets associated with fine grained pyrite in the highway 

outcrops are probably albite-rich. Buckled albite veins truncate 

schistosi ties in the sericite-ankerite-chlorite schists exposed 

in the trenches immediately east of the stock.

Sericite-ankerite alteration is locally intense in some of 

the quartz syenite dykes in the power line area, even where only 

a moderate cleavage is developed, i.e., where there is no 

evidence of a major ductile shear zone. Euhedral pyrite 

overprints the alteration minerals which define the fabric. 

Elsewhere, the dykes are only weakly carbonatized, and altered 

hornblende phenocrysts are still visible.

The iron oxide alteration is more sporadic and widespread 

than the carbonatization (Section 4.14.3.5). As described 

previously, its main characteristics are: (1) zones of reddening 

along pillow margins, flow contacts, and fractures; (2) 

segregations of specular hematite along fractures; (3) magnetite 

patches or coatings on altered ferromagnesian grains in
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metabasalt; (4) magnetite and chlorite segregations in 

interpillow areas, and magnetite coatings on clasts in fragmental 

rocks that have abundant magnetite, chlorite and epidote in the 

matrix; and (5) murky epidote segregations along hairline 

fractures in metabasalt. The timing of this alteration is still 

uncertain, as it was not observed next to or within the shear 

zones whose fabrics provide the frame of reference used in this 

study. A deep subaerial weathering prior to greenschist facies 

regional metamorphism and carbonatization, and concomitant with 

diagenetic oxidation of formerly overlying(?) f Timiskaming-type' 

volcanic and sedimentary rocks has been suggested tentatively 

(Section A.14.3.A), in part following the reasoning of Shegelski 

(1980) and the setting of similar alteration elsewhere in the 

belt (this study). If this suggestion is correct, a uniaue 

oxidizing environment might have prevailed in some localities on 

the J. F. West Property prior to carbonatization and subsequent 

gold-pyrite mineralization.

The hypothesized early, deep crustal fracturing in this 

area, preceding or concomitant with the oxidation described above 

and prior to the development of the ductile shear zones, which 

possibly provided access for quartz syenite dykes, nay also have 

provided access for the pervasive carbonatization which affects 

the Pistol Lake stock and the quartz syenite dykes. Such 

carbonatization outside the ductile shear zones is regionally 

anomalous, and it is speculated that pre-shear zone fracturing 

may have enhanced permeability in the area. If such fractures

144



affected the Pistol Lake stock and provided channelways for 

carbonothermal fluid, numerous iron carbonate veinlets should be 

found in some parts of the stock.

Gold anomalies found in this area occur in two settings. 

First, gold values are found associated with pyritiferous quartz 

jf carbonate veins which form the loose stockwork cutting the 

previously carbonatized and sericitized Pistol lake stock (Table 

1-12, Appendix I). The veins and accompanying pyrite are thus 

late in the history of alteration, and therefore the introduction 

of gold is also late stage. No gold anomalies have yet been found 

in altered granitoid rock away from veining and pyrite.

Secondly, gold values were found in some exposures of 

pyritiferous, carbonatized and sericitized quartz syenite dykes 

under the power line (Table 1-7, Appendix I). The dykes are 

thought, at least locally, to fill early fractures (Section 

4.12). If the gold is carried in the pyrite, which overprints the 

fabric-forming carbonate and sericite, the sulphide and gold must 

have been introduced at a relatively late stage.

In both cases, the pyrite (probably) associated with the 

gold crystallized at a late stage in already carbonatized and 

sericitized host rock. In the case of the Pistol Lake stock, 

this coincided with the eventual brittle failure of a small, 

relatively competent body enveloped in more easily deformed 

metavolcanic rocks.

This area is fertile ground for future study. A thorough 

investigation of the potential of the quartz syenite dykes, more
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numerous than shown on the map, is warranted; special attention 

should be given to their alteration state and pyrite content. The 

geometry and extent of the late quartz vein stockwork in the 

Pistol Lake stock should be studied, both on surface and by 

compiling present drill hole data. In addition, it might be 

profitable to research the potential of the iron oxide 

alteration, and if results are encouraging, a field investigation 

and examination and geochemical sampling of presently available 

drill core are suggested.

A.15.3 Bandore Property

The area surrounding the Bandore trenches is underlain by 

mafic metavolcanic rocks cut by metadiabase and a relatively 

large body of feldspar porphyry (Figure 12). These rocks are 

affected by several easterly to east-northeasterly striking 

sinistral shear zones, which have been flexed and locally 

intersected by slightly younger, east-southeaste ri striking 

dextral shear and fracture zones (Section 4.14.3.5).

The walls of the Bandore trenches have weathered and 

collapsed for the most part. However, the second to the 

easternmost trench (Figures 12, 16) exposes feldspar porphyry 

which has been overprinted by a broad, east-striking, 

sericite-carbonate HK chlorite schist zone, one of the 

carbonatized shear zones. Feldspar porphyroclast s are still 

visible, except in the most highly phyllonitic rock in the centre
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of the trench (Figure 15). This phyllonitic zone hosts two 

foliation-parallel mineralized zones about 0.5 metres apart. The 

mineralized zones contain pyrite, sphalerite, and chalcopyrite, 

which occur as seams along the foliation and as lenses 

accompanied by chlorite within a segmented and highly deformed 

quartz vein a few centimetres wide. A vein sample assayed 630 ppb 

Au, 1420 ppm Cu, and 3.0 Z Zn, and a nearby sample of mineralized 

schist assayed 80 ppb Au, 36 ppm Cu, and 1180 ppm Zn (Figure 15, 

Table 1-12, Appendix I). Other samples of schist returned nil to 

anomalous assays (Table 1-11, Appendix I).

The artificially cleared outcrop west of the trenches is 

much less deformed and altered, but is traversed by discrete 

shear fractures in pinnate array (Section 4.14.3.5, Figure 14). 

Some of these shear planes have focussed pyrite segregations and 

are surrounded by haloes of disseminated pyrite and calcite 

overprinting wall rock, and pyrite segregation along foliation 

planes. Two samples of this pyritized schist assayed 31.5 and 11 

g/ton Au (Figure 14).

Although the extent of the surface mineralization as exposed 

is not great, the gold values obtained clearly indicate that the 

porphyry was accessible to, and provided a depositional 

environment for, highly auriferous fluids during or after 

deformation. These fluids might have been focussed to a greater 

extent nearby, probably somewhere within the adjacent shear zone 

that is intersected by the trenches to the north. The metadiabase 

- porphyry contact either adjacent to or overprinted by the shear
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zone would likely be a favourable horizon, constituting a 

pre-shear discontinuity. As it is considered likely that the 

mineralization itself accompanied the dextral overprint 

(Section A.14.3.5), an even more favourable location might be the 

intersection of this shear zone with one of the east-southeast- 

trending structures, such as that exposed to the northeast and 

extrapolated to the east of the trenches, or the shear zone 

inferred to the west of the trenches and cleared outcrop (Figure 

12).

4.16 Summary and General Recommendations for Gold Exploration in 

the Highway 11 Area

4.16.1 Geological History ReiLevent to Gold

The geological history of the area is summarized in Table l 

(Section 4.14.4) as accurately as possible from present data.

The predominant deformational imprint in the Highway 11 area 

is the development of steeply dipping, discrete, mylonite, 

chloritic phyllonite and sericite-carbonate schist zones during a 

regime characterized by a strong component of sinistral simple 

shear. The simple shear regime was overprinted in this area by a

nearly conjugate, dextral shear regime. All rock units are
*

affected to some extent by these deformation events, although the 

lamprophyres appear to truncate schistosity in the shear zones. 

Nevertheless, the lamprophyres are also substantially deformed
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within the shear zones. Localized carbonatization and 

sericitization of mafic and felsic volcanic and intrusive rocks, 

in addition to the Shebandowan group along the Shebandowan Mines 

Road, began during the sinistral regime and apparently overlapped 

the early part of the dextral regime. Quartz veining is thought 

to have accompanied the latter.

The tectonic significance of the sinistral and dextral 

regimes depends on the the scale of regional perspective. The 

dextral deformation regime was associated with the Crayfish Creek 

Fault, and other northwest-trending faults which offset the 

Postans Fault north of the map area, as well as possible 

reactivation of the Postans Fault itself. If viewed with a 

broader regional perspective, the northwest-trending faults might 

constitute secondary faults related to the major, dextral Quetico 

Fault to the north (e.g. Bau 1979). In the even broader context 

of province-wide crustal shortening (see Section 2.3), the 

sinistral and dextral systems are conjugate: structures 

associated with either regime might be expected to occur in 

random order over the scale of one or two subprovinces. However, 

it is useful to note that one set (dextral) overprints the other 

set (sinistral) in the northern part of the Shebandowan 

Greenstone Belt throughout the study area.

It has been tentatively suggested (Section 4.14.4.3) that 

some fracturing and deep weathering in an oxidizing environment 

predated the main stages of shear zone development. The oxidation 

and related alteration phenomena, as well as the kinematic
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history of the fractures, might thus provide an avenue for the 

investigation of an important earlier tectonic event.

In conclusion, investigation of the setting of gold 

mineralization in this part of the belt has shown that the gold 

is structurally controlled, and for the most part associated with 

brittle structures (veins and fractures) developed at a 

moderately late stage in the deformation and alteration history. 

From examination of the displacement history and timing of 

structures in the area, it has been concluded that the early 

sinistral shear zones which provided the main fluid conduits 

enabling metasomatic iron carbonate and sericite alteration 

considered favourable gold exploration targets in other 

greenstone belts, are flexed, reactivated, and overprinted by 

subordinate dextral shear and fracture zones under the influence 

of a dextral deformation regime. The carbonatization process may 

have overlapped the onset of this imprint, and the ensuing quartz 

veining and gold related sulphide mineralization were even more 

likely to have occurred under the influence of the dextral 

regime.

The main effects of the change from one deformation regime 

to the other are:

(1) flexing of pre-existing shear zones, and minor vein filling 

within these zones, either as discontinuous, multiple veins along 

the pre-existing strong foliations or shear planes (e.g. Bandore 

trenches and outcrop) or as extension veins occupying former 

'normal 1 fractures at high angles to these foliations (e.g. the
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main Ray Smith vein);

(2) refocussing of carbonothermal to hydrothermal fluids, already 

utilizing some of the early shear zones as conduits, towards 

major structural intersections or along later, more brittle fault 

zones, e.g., the northwes t-1 rending faults and many subsiduary 

s true tures .

(3) possible brittle failure of entire, relatively competent 

masses, strained to the ductile limit during the earlier 

sinistral regime, and the emplacement of quartz stockworks, which 

may be barren if the rocks are not accessible to the main 

hydrothermal conduits, or may be auriferous if accessible to 

auriferous hydrothermal fluids, and if conditions are suitable 

for precipitation of gold and pyrite (eg., the carbonatized 

Pistol Lake stock, at least to a limited extent).

Thus, mineralization in may cases will probably not correspond 

geometrically to the ankerite-sericite schist alteration zones 

established during the earlier sinistral deformation regime, 

although it is suggested that they are likely to have intersected 

them.

4.16.2 Recommendations for Exploration

It is therefore suggested that a sound exploration tactic in 

the Highway 11 area would be to start with a ground investigation 

of any sericite-ankerite schist zones, particularly as these
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present an easily recognized target. Parts of these zones where 

significant normal extensional fractures, dextral fractures or 

shear zones, flexing, dilating, or crosscutting the earlier 

structures, are either exposed, or suggested by a prominent 

presence of related minor structures in existing outcrops, should 

be thoroughly investigated as zones where hydrothermal activity 

and perhaps precipitation might be enhanced; as it is likely that 

many of the more significant structures will be poorly exposed, 

geophysical techniques may be of assistance in defining these 

zones. Attention should meanwhile be paid any occurrences of 

pyrite or other sulphides in the carbonatized zones, particularly 

those that are associated with shear planes, fracture or breccia 

zones, and the occurrence and geometry of quartz veining 

connected to the carbonatized zones.

The latite/quartz syenite dykes might also be worthy of 

independent investigation, particularly those that are highly 

carbonatized and/or contain pyrite.

The numerous sericite-ankerite schist zones traversing the 

Shebandowan Lake pluton, which commonly contain showings of 

sulphide, particularly chalcopyrite and molybdenite, are also 

worthy of serious investigation. Much of the north part of the 

pluton is affected by incipient carbonatization even where not 

penetratively foliated (although to a much lesser degree than the 

Pistol Lake stock). Given the greater dispersal (and possibly 

less focussing) of the early alteration, it is even more 

important to seek structural situations such as the contact zone
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itself, and late brittle faults and dilatlonal environments 

affecting the early shear zones which might have enhanced the 

focussing of fluids.

Although the Shebandowan Lakes pluton is relatively young 

(Corfu and Stott 1986), it was undoubtedly affected by the 

sinistral shear zones and associated carbonatization. It may 

therefore have acted as a competent 'augen* within this shear 

system, the relatively deformed east-projecting tail through 

Lower Shebandowan Lake representing one of the deformed 'tails' 

or 'wings' of the augen. The contact zone along the northeastern 

edge of the pluton may have been located in the 'pressure shadow* 

during the sinistral regime, and was therefore carbonatized and 

sericitized even between the ankerite-sericite schist zones. The 

abundance of fractures in the J. F. West area of possible 

'Timiskaming' age (ie. slightly younger than the Shebandowan 

Pluton: Corfu and Stott 1986), may also have developed in this 

pressure shadow environment. Because the latter structural 

environment might have been modified during the subsequent 

dextral regime, when most of the auriferous quartz veining is 

thought to have been deposited, areas where shear zones and 

contacts appear disrupted due to the latter event may be worth 

examining more closely, e.g., the island in Middle Shebandowan 

Lake, southeast of Amp Lake, on which a molybdenum occurrence has 

been reported (Section 4.4). Unfortunately, 'this promising area 

is occupied by a major lake. However, the analogous situation 

might be found on the southwestern side of the Shebandowan Lake
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pluton, near the northwest-trending, dextral Crayfish Creek 

Fault, a fault which was probably active during the 

mineralization interval and thus itself may be imporatant in 

focussing mineralization. In the area west of the contact, an 

extensive, differentiated mafic intrusion (see Hodgkinson 1968) 

should perhaps be considered part of the competent, Shebandowan 

Lake pluton f augen,' the effects of which might therefore have 

extended to the rocks from upper Greenwater Lake to the west of 

Upper Shebandowan Lake, considering the dextral offset along the 

Crayfish Creek Fault. This area was not explored during this 

study, although it hosts numerous gold showings, particularly 

near the Crayfish Creek Fault.
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SECTION 5: THE JALNA CLAIM BLOCK, GOLD CREEK AREA, 

DUCKWORTH AND LAURIE TOWNSHIPS

5.l Brief History and Scope of Investigation

The Jalna gold property on Gold Creek (Figure 16) consists 

of a block of 107 claims, of which seventy-three occupy the 

southeastern corner of Duckworth Township, thirty-one occupy the 

adjoining corner of Laurie Township, and three occupy the 

northern boundary of the Batwing Lake area to the south (W. 

Hanych, 1984, unpublished report, Resident Geologists Files, 

Ontario Ministry of Northern Development and Mines, Thunder Bay). 

The area is presently accessible only by a lumber road from the 

south. This road intersects a network of gravel roads, which 

connect to a secondary highway near Kakabeka Falls, and to Great 

Lakes Paper Company roads on the western side of the greenstone 

belt (Figure 1). Lumbering operations now underway south of Lower 

Shebandowan Lake may eventually make the area accessible from the 

Shebandowan Mine road.

This part of the project was initiated to determine the 

setting and controls of broad zones of auriferous mineralizaton 

accompanying pyritic and sericitic schists in a predominantly 

metavolcanic terrane near the transition from the Shebandowan 

greenstone belt to the Sunbar-Batwing Lakes complex (Figure 2). 

The previous preliminary map (1:15,840 scale) of parts of
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GEOLOGY OF DUCKWORTH TOWNSHIP
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Figure 16: Generalized geological map of Duckworth
Township, modified from Srivastava and Fenwick 
(1973).
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Duckworth Township (Srivastava and Fenwick 1973) was prepared 

before much of the outcrop was exposed by logging activities, and 

covers little of the property. Therefore, the gap in geological 

information in this area urgently needed filling; however, lack 

of time and poor access to neighbouring areas prevented a 

full-scale investigation of the geological setting.

The main showings on the property are within a kilometre of 

the f 01d Quartzite mine 1 , a long known gold prospect consisting 

of auriferous, siliceous, pyritic schist (Coleman 1896) which is 

exposed on the shores of Gold Creek, where there is still 

evidence of workings. From the last century to the early 1980*8, 

the only exploration interest in the southeast parts of Duckworth 

Township was in base metals, although gold exploration has been 

ongoing for years several kilometres to the northwest. As 

outlined by W. Hanych (1984 op.cit.), it was only in 1983 that 

103 contiguous claims in the southeastern corner of Duckworth and 

adjacent corner of Laurie Townships, and 3 claims in the adjacent 

Batwing Lake area to the south were staked by John Ternowesky and 

Dave Walsten of Thunder Bay. The claims were subsequently 

acquired under an option agreement by Jalna Resources Ltd., which 

began development under the terms of a joint venture with G.L.E. 

Resources Ltd., Sutherland Resources Ltd., Pecos Resources Ltd., 

and Austen Resources Ltd. A program of geological, geophysical, 

and geochemical surveys outlined several zones of auriferous 

mineralization, consisting of disseminated pyrite in sericitized 

felsic volcanic schists coinciding with geochemical arsenic
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anomalies. One final claim, initially staked in 1983 by J. L. 

Sanders around the 'Quartzite mine 1 itself, was aquired by Jalna 

Resources Lyd. in 1984 after completion of the program. Anaconda 

Canada Exploration Ltd. followed up the 1983 exploration program 

with some exploratory drilling during the winter of 1984-1985 

before cancelling their option.

The geology of the claim block is very complex due to 

episodes of fracturing, brecciation, veining, and redeposition of 

breccia as well as several stages of volcanism and magmatic 

intrusion, all of which occurred before the superposition of a 

strong, penetrative, steeply plunging, stretching lineation and 

minor late tectonic adjustments. As the first component of this 

study, a 1:15,840 scale map of the west central part of the claim 

block was produced to emphasize what were thought to be the 

most significant features. Although sampling was done in detail, 

the mapping of every outcrop was impractical on this scale. It is 

now considered essential that future mapping encompass a larger 

area in order to put these features in perspective, and assess 

them in the context of the regional structure and volcanic 

stratigraphy, bofeor local detailed mapping.

The second component of the study was field and petrographic 

documentation of various styles of fracturing and veining, and

examination of the relationships of these features to alteration.
*

The relationship between the fracturing or brecciation, 

alteration, and the superimposed lineation and metamorphic 

recrystallization was also of interest.
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The third component of this investigation was devoted to 

geochemical sampling of various types of alteration, veining, and 

mineralization against the background of less altered rocks.

The following summary provides a foundation for further 

investigation of the timing and nature of the interplay 

among structural and volcanomagmatic processes, alteration, and 

mineralization.

5.2 Regional Geology of Duckworth Township

In the portion of Duckworth Township mapped by Srivastava 

and Fenwick (1973), summarized in Figure 16, the oldest rocks 

exposed are mafic metavolcanic rocks, concentrated in the north 

and west, and intermediate to felsic metavolcanic rocks, which 

occupy much of the southeastern corner and wedge out westward to 

the centre of the boundary with Lamport Township. Numerous mafic 

intrusions, more extensive in the mafic metavolcanic terrane, may 

be either synvolcanic with these metavolcanic rocks and/or 

related to younger diorttic to ultramafic intrusions, such as 

those recorded along the southeastern part of Gold Creek (this 

study) and in the Sunbar-Batwing Lakes Complex (Stern 1984, 

Percival e t al. 1985). The metavolcanic terrane is overlain 

by a belt of metasedimentary rocks, including clastic iron 

formation (Weinstock 1973), which stretches east-west across the 

centre of the township. Intrusions of feldspar quartz porphyry 

and quartz monzonite to granodiorite intrude the older
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raetavolcanic terrane. Pye and Fenwick (1965) and Percival (1983) 

also show a complex suite of mainly felsic, but locally mafic, 

intrusions with gneissic enclaves which occupy the southwestern 

and southern parts of the township and constitute the' transition 

from the Shebandowan Greenstone Belt to the Sunbar-Batwing Lakes 

Complex (Figure 2).

The central part of the area is traversed by several faults, 

the most prominent of which is the steep, west-northwest- 

striking Crayfish Creek Fault that extends from the northwestern 

shoulder of the Shebandowan Greenstone Belt through the locality 

of the Shebandowan Mine to the area east of Duckworth Township. 

The Crayfish Creek Fault is intersected by a younger, northeast- 

trending fault which passes through the northwest part of the 

township, and possibly by another fault which trends southeast 

(Figure 16). Regional schistosity, truncated at least by the 

northwest- striking faults, is shown by Srivastava and Fenwick 

(1973) to strike mainly west to southwest and dip moderately to 

steeply both north and south, locally swinging northwest to 

conform to the boundaries of a granitoid intrusion (Figure 16).

Several gold occurrences are located in .the northwestern 

part of the township near Gold Creek, and are mainly associated 

with veins sited in a feldspar porphyry intrusion and possibly

controlled by structures related to the Crayfish Creek Fault
*

system referred to above (Schneiders and Dutka 1985, 208-211).
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5.3 Geological Overview of the East-central Part of the Jalna 

Claim Block

5.3.1 Rock Types

The southern part of the map area (Figure 17, back pocket), 

which covers part of the Jalna claim block, is underlain 

predominantly by felsic to intermediate metavolcanic rocks (map 

unit 1), cut to the south and southwest by a major granitoid 

intrusion which superimposes a narrow, amphibolite facies contact 

metamorphic aureole responsible for porphyroblasts of andalusite, 

sillimanite, garnet and hornblende. These metavolcanic rocks 

include intermediate flows, a central complex of quartz- and 

feldspar-phyric , intrusive to extrusive rocks including flow 

banded rhyolite, and abundant pyroclastic rocks.

The northeastern part of the area is underlain by vesicular, 

unpillowed, mafic to intermediate metavolcanic rock (map unit 2a) 

with associated latitic felsite and mafic and felsic tuff 

breccias (map unit 2b). These metavolcanic rocks are interleaved 

to the west with coarse clastic breccias containing fragments of 

feldspar porphyry, aphyric latite or dacite, and highly vesicular 

mafic metavolcanic rock (map unit 5a). To the north, the coarse 

breccia passes into a crudely bedded, polymictic conglomerate 

(map uni t 5b ) .

Intrusive rocks in the area include lamprophyre dykes (map 

unit 3a), hornblende metadiabase - metadiorite intrusions (map
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unit 3b), a composite intrusion consisting of a granodiorite core 

(map unit 6a) intruding a locally ultramafic, but predominantly 

mafic to intermediate plutonic border complex (map unit 6b), and 

feldspar-phyric syenite plugs (map unit 7). A highly brecciated 

and altered, fine to medium grained hornblende metagabbro suite 

(map unit 4a) is exposed in the core of the area; the brecciation 

and alteration also affect the felsic host rocks to the 

intrusion. Redeposited polymictic breccia (map unit Ab) is 

also believed to have resulted from fracturing and magmatic 

activity. Similarly, enigmatic tourmaline 1 4- quartz 4- sericite 

rocks (map unit Ac) appear to be related to fracturing and 

concomitant alteration, as outlined below.

The youngest intrusive rocks are extremely fresh, north- 

trending diabase dykes (map unit 8).

It is likely that the mafic extrusive and intrusive rocks of 

units 2, 3, 4a, and possibly even 6b, are related temporally and 

magmatically, because of similarity in primary textures and 

composition. A link between the breccias of units Ab and 5a is 

also likely. After considering the influence of fracturing and 

alteration on the deposition of some of the units, in addition to 

field relations, it has been tentatively concluded that units 2 

through 7 belong to one tectonic cycle, which probably post-dated 

the development of an earlier felsic to intermediate volcanic 

substrate represented by Unit l (Table 3).
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5.3.2 Structural Development, Alteration and Metamorphism

With the exception of the late diabase dykes, the rocks of 

the Jalna claim block have been strongly imprinted by several 

deformational episodes, the earlier of which were brittle, and 

the later of which were predominantly ductile. The earlier events 

were probably near-surface, as some of their products appear to 

have undergone surface deposition, whereas the later event(s) 

accompanied middle to upper greenschist facies metamorphic 

conditions and probably took place after a certain amount of 

volcanosedimentary burial.

The earlier events were associated with several important 

fracturing and fracture-related metasomatic alteration processes 

which affected the terrane heterogeneously, and are responsible 

for the most fundamental characteristics of several of the rock 

units outlined above and described later in this report. 

Localized effects of this fracturing and alteration are 

summarized as follows:

(1) Widespread fracturing and/or brecciation of the felsic 

metavolcanic terrane. The fracturing and brecciation 

permitted enhanced alteration during ensueing hydrothermal 

activity, resulting in the chemical precursors of sericitization 

and tourmalinization which occurred due to subsequent 

metamorphism and ductile deformation of the felsic complex.
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(2) Brecciation and intense sericitic alteration of a complex

mafic intrusion and its felsic hosts between the presently

defined mineralized zones (map unit 4a, Figures 17 and 18).

(3) Deposition of breccia containing mixed mafic and felsic 

fragments, some showing evidence of prior fracturing and 

alteration (map unit Ab); these breccias are exposed in patches, 

and conceivably both overlay, and were, injected into the felsic 

metavolcanic terrane.

(4) Intense muscovitization , tourmalinization, and local 

pyritization of the felsic to intermediate metavolcanic rocks in 

the main mineralized zones. These alteration minerals are 

disseminated throughout the affected rocks, although muscovite 

and tourmaline, and in some cases pyrite, are highly enriched 

along the fracture zones which they 'sealed 1 during 

crystallization. These minerals define a strong lineation, and 

therefore crystallized or recrystallized during its development 

after the deposition of the younger breccias and volcanics. 

However, they may have had precursors of similar overall 

composition but lower metamorphic rank.

(5) Veining or replacement by actinolite-rich aggregates 

along zones of weakness, such as fracture zones, contacts, 

interpillow cusps, resulting in ac tinolite-rich veins with 

bleached haloes. A breccia, consisting of highly bleached breccia
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fragments in a dark green actinolite matrix, east of the trenched 

area (Figure 18), may represent an extreme example of this 

metasomatism. These veins precede recrystallization during the 

lineation development, and therefore their present mineralogy may 

he different from the original alteration mineralogy.

(6) Zones of sericite -f iron carbonate + chlorite schist were 

developed across the northern and northwestern part of the map 

area (Figures 17, 18), the carbonate alteration also affecting 

hornblende metadiabase and lamprophyre dykes which traverse the 

schists. Widespread carbonatization and more localized 

sericitization affect rocks throughout the whole northeastern 

part of the map area; carbonatization and sericitization are 

particularly intense in the zone immediately north of the 

tourmaline- and se ricite-enriched breccia zone (map unit 4c). 

Amygdules in the mafic to intermediate metavolcanic rocks in that 

area are commonly filled with iron carbonate, and both the coarse 

clastic breccia and polymictic conglomerate of unit 5, adjacent 

to the sericite-carbonate schist zones, are variably affected, 

along with reddened quartz porphyry thought to belong to unit l, 

which crops out locally.

(7) Quartz veining, either as infilling of the earlier 

bleached-rimraed actinolite veins or filling of new fractures. 

Some of the larger veins contain breccia inclusions. Other veins 

in the northwestern part of the area contain considerable
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LEGEND
Legend as on figure 17. 
with the addition of: 

Zone of iron carbonate enrichment 
Zone of patchy oxidation 
In situ hydrothermal brecciation 
of mafic intrusive comptex(4a) 
l tourmaline-*ericite-quartz(4c) 

-H^/ Zone of intense fracturing, 
'v-* in planar sets or cellular

networks grading into tuffisites 
Zone of pyrite enrichment 

3 -J Trench, cleared outcrop, pit 
let Abundant actinolite veinlets 
qv Quartz vein

Figure 18: Sketch illustrating distribution of effects of 
fracturing and alteration in part of the Jalna 
claim block.
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tourmaline. Narrow, quartz-filled en echelon extension gashes, 

barren of mineralization or alteration, also occur locally.

(8) Irregular but extensive oxidation of the felsic metavolcanic 

rocks of Unit l in the northern part of the area (Figure 18). The 

oxidation is pervasive throughout the rock in outcrops where it 

appears, but it is patchy on a broad scale and does not 

correspond to zones of weakness such as fractures or abrupt 

contacts. Reddened quartz porphyries appear around the southern 

and southwestern contacts of unit l with the mafic metavolcanic 

and associated rocks of unit 2, and also crop out within the 

outcrop area of unit 2, to which they may form part of an 

irregular basement. It is not certain whether this oxidation 

preceded, accompanied or followed the varieties of fracture- 

enhanced alteration or carbonatization listed above.

The effects of ductile deformation post-dated the above 

events. The most prominent imprint was the development 

throughout the entire claim block of steeply.plunging lineations 

(Plate 41) formed under middle to upper greenschist facies 

metamorphic conditions. The metamorphic grade is higher around 

the steeply lineated contact zone of a large felsic intrusion 

forming the margin of the Sunbar-Batwing Lakes Complex, and falls 

only in the northern and northeastern parts of the map area. 

Several steep, east-striking ductile shear zones, converted to 

carbonate 4- sericite -f chlorite schists with prominent S-L 

fabrics, traverse the northern part of the area, and may have
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Plate 41:
Outcrops of quartz-feldspar porphyry show no strain on 
surfaces perpendicular to the lineation, which is seen 
clearly on steep surfaces. Ternowesky zone, Jalna claim 
block. Pen is 15 cm long.

Plate 42:
Flow banding in proximal 
felsic metavolcanic complex 
(Unit Ib). North zone, 
Jalna claim block.
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accompanied the lineation development.

The lineations plunge steeply to moderately to the northwest 

over most of the map area, but plunge west and southwest near the 

schistose zones. They are defined by the alignment of biotite- 

chlorite, sericite, tourmaline, allanite, apatite, and rutile; by 

the elongation of mineral aggregates, and by extension fracturing 

of quartz phenocrysts. The axial symmetry of the elongate 

aggregates and the pressure shadows around pull-apart grains, as 

well as the widespread distribution and uniform orientation of 

stretching lineations away from any particularly highly strained 

zones, suggests that the deformation which produced them had a 

strong component of pure shear rather than simple shear, i.e., 

coaxial extension 4^ constriction. Schwerdtner et al. (1979) and 

Stott and Schwerdtner (1981) have suggested that such wide zones 

of steep fabric development might have resulted from the diapiric 

emplacement of the younger plutons of the Sunbar-Batwing Lake 

Complex, and constitute contact strain aureoles. The increase in 

grade toward the margin of the complex in this area may indicate 

the uplifting of a mantle of more deepseated rock, and/or a 

contact metamorphic effect, both of which would support the 

origin of the lineation as a contact strain effect. This might be 

demonstrated with further mapping in this area. Nevertheless, the 

area affected by the strong lineation is exceptionally wide (over 

4 km) for a contact strain aureole. It is possible that the total 

effect was enhanced by the independent 'softening effect 1 of the 

earlier f raeture  re la ted alteration on a block or wedge of
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metavolcanic terrane caught up by the upwelling motion of the 

plutonic-gneissic terrane to the southwest and coeval 

oblique-slip motions on major faults and subsiduary shear zones 

to the north and northeast.

In this context, the transition from the predominantly 

lineated terrane into the area affected by shear zones to the 

north (Figures 16, 17), and possibly to the east, merits further 

investigation. Foliations which contain the steeply to moderately 

southwest-plunging lineations in the shear zones are intense, and 

are locally affected by a more northeasterly striking 

crenulation. If the phyllonitic schistosity, lineation, and low 

angle crenulation are related to the same deformation regime, 

comprising C, L, and C' fabrics, a sinistral, south-side-up, 

oblique-slip shear sense is indicated. This would be generally 

consistent with the upwelling of the Sunbar-Batwing Lake Complex 

(and contact strain aureole?) to the south. However, much more 

regional mapping with an emphasis on structure, metamorphism, and 

the role of various late faults and intrusions, is needed before 

the scenario will be sufficiently clarified.
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5.4 Felsic to Intermediate Metavolcanic Rocks 

5.A.l General Description

The felsic to intermediate me tavolcanic assemblage includes 

extrusive to subvolcanic quartz-feldspar porphyry, flow-banded 

rhyolite, and abundant pyroclastic rocks. At many localities, 

even the massive metavolcanic rocks have a fragmental aspect on 

weathered surfaces, tentatively interpreted as due to 

hydrothermal fracturing and brecciation, with concomitant 

alteration, which may have occurred either during, or 

significantly later than, the volcanic episode. Recrystallization 

during the imposition of the strong linear fabric has obscured 

both primary textures and those that are due to the fracturing 

and alteration.

The flow rocks (map unit la) are buff weathering, and range 

in composition from rhyolite to andesite. They are mainly 

massive, but the less felsic flows are pillow-like in a few 

places. Flow contacts are generally only visible on weathered 

surfaces as zones of negative relief. All of these rocks contain 

altered feldspar phenocrysts and subordinate to equally abundant 

phenocrysts of quartz. Both types of phenocrysts are visible as 

subhedral grains on gently dipping surfaces at high angles to the 

regional lineation. However, the feldspar phenocryst pseudomorphs 

appear only as streaks, and quartz phenocrysts as augen and 

pull-apart grains, on surfaces at low to moderate angles to the
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lineation (Plate 41).

A complex of mainly felsic, intrusive to extrusive quartz- 

and feldspar-phyric rocks (unit Ib) is exposed between the 

Ternowesky, North, and South Zones (Figure 17), and in the 

central and northern part of the area mapped. This unit is 

characterized by transitions from massive porphyry to flow banded 

rhyolite (Plate 42), and numerous intrusive contacts between 

porphyries of contrasting grain size and proportions of feldspar 

and quartz phenocrysts. Both characteristics suggest that it nay 

represent a rhyolite dome. Local, minor, fault adjustments, as 

well as the possibility of post-volcanic hydrothermal fracturing, 

make it difficult to determine what proportion of these rocks 

originated as the earlier pyroclastic rocks containing only 

fragments from the adjacent felsic-intermediate flow or 

subvolcanic rock, what proportion were fragmented only by late 

stage brecciation, and what proportion are due to a combination 

of processes (e.g., fractured fragmental rocks in the North Zone 

trench exposures).

The pyroclastic rocks (map unit le) are variable in clast 

size, and grade from crystal-lithic tuffs to block and ash 

deposits (e.g., Wright et al. 1980). Assorted lithic clasts 

include aphyric to porphyritic rhyolite to andesite, and crystal 

clasts include quartz, plagioclase, and chloritized mafic crystal 

pseudomorphs, all conceivably derived from the adjacent flows and 

subvolcanic rocks. Clast shapes have obviously been modified 

during deformation and recrystallization, but on surfaces at high
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angles to the lineation appear angular to subrounded. On surfaces 

inclined at moderate or low angles to the foliation, the 

fragments appear as pencil-like streaks of varying mafic content.

The pyroclastic rocks of unit le are distinguished from 

other fragmental rocks that are assigned to another unit, unit 4c 

(Figure 17), by the lack of isolated fragments displaying a 

previous episode of fracturing, and by the absence of vesicular 

to massive volcanic and subvolcanic, variably altered, mafic 

fragments.

5.4.2 Petrography

The felsic metavolcanic complex shows many variations in 

texture, such as varying grain size and phenocryst population in 

the massive extrusive and subvolcanic rocks, and clast population 

in pyroclastic rocks. The pyroclastic rocks contain clasts 

derived from the surrounding metavolcanic complex, and thus are 

not profoundly different from it in composition. Although 

varying slightly in mafic content, the composition of the complex 

as a whole is sufficiently uniform, and the metamorphic 

recrystallization during deformation was sufficiently thorough, 

that assemblages of minerals which formed in contact during this 

recrystallization are remarkably similar throughout the complex. 

The greatest mineralogical contrasts are associated with: (1) 

metasomatic alteration along the pervasive 'sealed 1 fractures, 

(2) zones of pyrite enrichment, and (3) the ac tinolite-rich
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veinlets (Section 6.4.3). Even the constituents of some 

relatively widely distributed accessory minerals, such as 

tourmaline, may have been introduced by alteration-related fluids 

which used the fractures as channelways.

In general, the felsic metavolcanic rocks contain 

phenocrysts or crystal clasts of highly altered plagioclase and 

quartz in a fine grained intermediate to felsic matrix. Mafic 

clots, consisting of chlorite and/or biotite, also occur locally 

in both massive and pyroclastic rock. The matrix consists of a 

fine grained, polygonal intergrowth of quartz * albite -f 

muscovite -l- chlorite jf biotite, with accessory rutile, 

apatite, epidote, allanite, and zircon, and local tourmaline and 

pyrite. Pyrite is scant, except in areas with extensive 

fracture-enhanced alteration, particularly sericitization 

(Sections 6.4.3, 6.4.4). Patchy calcite overprints occur locally. 

Chlorite and biotite are mutually exclusive in some samples, but 

more commonly occur together in the same grains, suggesting 

either a progressive or retrogressive reaction relationship, 

rather than coeval crystallization. The chlorite consists of 

ripidolite, with khaki green anomalous interference colours, and 

biotite is pleochroic in shades of reddish brown to straw yellow, 

or khaki brown to straw yellow. Rutile occurs as very fine, 

slender, either fuzzy or gemmy prisms, showing local knee-shaped 

twins where concentrated in the altered fracture zones (Section 

6.4.4). Apatite grains are smoky grey with clear rims, suggesting 

the presence of REE or radioactive elements. Epidote and allanite
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occur together, generally as epidote rims on darker, acicular 

allanite cores but locally vice versa; the allanite also suggests 

the presence of REE elements. The tourmaline is mainly deeply 

pleochroic schorl, but less highly coloured tourmaline is present 

locally.

Quartz phenocrysts are bipyramidal, with the embayments 

common in volcanic quartz, and are commonly either strainbanded 

or polygonized. Viewed perpendicular to the lineation, they 

commonly exhibit marginal projections, possibly due to 

cannibalization of the matrix quartz (Plate 43a) . Viewed 

parallel to the lineation, quartz grains are commonly fragmented 

and pulled apart along extension gashes perpendicular to the 

lineation, and show symmetrical pressure fringes parallel to the 

lineation at grain extremities (Plate 43b). The extension gashes 

and pressure fringes are filled with quartz, muscovite, and 

chlorite with or without minor late calcite.

The feldspar phenocrysts are totally recrystallized to 

aggregates of muscovite, albite, and locally sparse chlorite 

and/or biotite (Plate 44). Rarely, tourmaline and/or epidote 

occur in this assemblage. Viewed perpendicular to the lineation, 

the plagioclase pseudomorphs are barely distinguishable as 

euhedral to anhedral, albite- and muscovite-rich clots which 

merge into the more quartz-rich, fine grained matrix (Plate 44b). 

Viewed parallel to the lineation, they appear as streaks with 

aspect ratios up to 10:1.

Alignment of muscovite, rutile, tourmaline, epidote-

i
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Plate 43:

Photomicrograph of phenocrysts of quartz in quartz 
feldspar porphyry. Sample 84 LBC 303. Cross polarized 
light. Scale bar - l mm. 43A: View, perpendicular to the 
lineation, showing amoebic projections of quartz 
phenocryst cannibalizing matrix quartz. Phenocryst is 
surrounded by altered cellular fracture. 
43B: View, parallel to the lineation, of a pull-apart 
quartz phenocryst with an extension gash filling of 
chlorite and biotite. "Sealed 1 fracture zones enriched 
in muscovite, tourmaline and rutile occur on both sides 
of phenocryst.
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Plate AA:
Photomicrographs showing feldspar phenocrysts replaced 

by albite, muscovite and chlorite/biotite, viewed 
perpendicular to the lineation. Sample 8A LBC 336A. 
Scale bar - l mm. AAA: Plane polarized light. AAB: Cross 
polarized light.
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allanite, apatite, and chlorite/biotite and the elongation of 

pyrite aggregates, deformed feldspar phenocryst pseudomorphs, and 

fragmented quartz phenocrysts define the strong lineation.

5.4.3 Mesoscopic Nature of the Fracture - Alteration Systems

As previously mentioned, the felsic metavolcanic terrane was 

affected by alteration along fracture systems of various forms, 

and the mineralogy of the unit as a whole was probably influenced 

by the fracture-enhanced alteration. The fracture-alteration 

systems can be subdivided into arcuate pen-line and cellular 

fracture networks, arcuate zones of intense sericitization and 

pyritization, and actinolite segregations and veins.

5.4.3.1 Arcuate Pen-line and Cellular Fracture Networks

Widely spaced, narrow, broadly arcuate sets of multiple 

fractures (Plate 45), which are darkly coloured due to 

concentratons of tourmaline (schorl) along individual fracture 

planes, were observed in massive metavolcanic rocks northward 

from the North Zone. Because of their resemblance to dark 

pen-lines, these fractures stand out both in situ and in many 

angular fragments of the redeposited breccia of unit 4b (Section 

5.8.3: Plate 59). In places, the pen-line fracture system becomes 

more netlike, producing 3-dimensional fracture-bounded cells. 

These cell-like fractures were sealed by alteration and by the
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Plate 45

Darkly coloured, tourraaliniferous pen-line fractures in 
felsic rae tavolcanic complex cut by two generations of 
vein quartz, one (partly covered by scale) predating the 
penline fractures and the other (.across centre) 
post-dating them.
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tectonometamorphic recrystallization of the alteration minerals 

during the development of the regional lineation. Many individual 

fractures of these networks are inclined to the lineation 

direction, and are accordingly crimped or buckled.

The 3-dimensional cellular fractures are particularly 

evident in some outcrops of the Ternowesky, South and North 

zones. Individual fractures are marked by alteration zones from 

under a millimetre to over a centimetre wide, visibly enriched in 

sericite and locally in dark minerals. Tuffisitic dykes or pipes

(Ternowesky Zone) and whole outcrops (South Zone) consist of
i 

subangular to subrounded fragments, from l cm to 10 cm in

diameter, which locally appear slightly displaced relative to one 

another and are embedded in a discontinuous matrix network 

enriched in sericite and tourmaline (Plate 46 a, b, c).

5.4.3 2 Zones of Intense Sericitization and Pyritization

Relatively broad, semi-arcuate zones highly enriched in 

muscovite, which grade into the fracture networks outlined above 

are characteristic of the main mineralized zones (Section 5.13: 

Figures 19 - 23). The alignment of the exceptionally profuse 

muscovite gives the rock an 'asbestiform 1 aspect. These zones 

commonly display patchy yellow weathering, and contain sparse, 

bright green muscovite. They also contain abundant, fine grained 

pyrite which also defines the lineation. To date, these rocks 

have returned the highest gold values of the arsenic- and gold-
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Plate 46:
Outcrop of quartz feldspar porphyry showing all degrees 

of hydrothermal fracturing and brecciation. Outcrop 
surface highly inclined to lineation. South zone, Jalna 
claim block. 46A: Tourmalin i ferous fracture network. 
46B: Incipient brecciation. 46C: Fractured fragmental 
rock with displaced and slightly rounded clasts in
altered matrix.
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enriched mineralized zones.

5.4.3.3. Actinolite Segregations and Veins

Actinolite rich vein material replaces or fills zones of 

weakness, such as interpillow cusps (e.g., outcrops on Gold Creek 

downstream from the bridge) and contact zones and steeply 

dipping, planar to curviplanar fractures (e.g. North Zone) 

(Plate 47). These fillings are characterized by bleached 

alteration haloes in the wall rock, some of which weather pinkish 

grey (Plate 48). The veins and alteration haloes are locally 

repeated, producing alternating layers of dark green vein and 

pink-grey alteration, such as in the centre of the middle trench 

of the North Zone (Plate 49, Figure 23). East of the North Zone, 

fragments of brecciated and highly altered host rock are embedded 

in a dark green actinolitic matrix (Plate 50, Figure 18). In some 

places, quartz veins have intruded along the cores of actinolite 

veins (Plate 51), which they rarely crosscut.

Other fracture and alteration systems are worthy of mention 

here, although they are discussed in Section 6.6. The 

intermediate and felsic metavolcanic rocks along the northern and 

northwestern rim of the brecciated mafic complex between the 

North and Creek Zones are affected by two or more sets of 

parallel planar fractures with centimetric spacing, which are 

spatially related to the brecciated mafic complex of unit 4a.
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Plate 47:

Actinolite fracture fillings 
in North zone outcrop, 
Jalna claim block.

Plate 48:
Actinolite veinlet with 
bleached alteration halo, 
North zone, Jalna claim block

Plate 49:

Repeated actinolite veining 
and alteration, North zone, 
Jalna claim block.
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Plate 50:
Breccia consisting of serlcitized, bleached 

metavolcanic fragments in actinolitic matrix, in Laurie 
Township east of North zone.

Plate 51:

Quartz vein along core of bleach-rimraed actinolite 
vein .
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Zones of intense tourmalinization and spatially associated 

brecciation (unit 4c) affect the felsic metavolcanic terrane at 

the base of the Creek Zone trenches (Figure 19), and occur in the 

brecciated core of a particularly dense network of the pen-line 

fractures. It is probable that the tourmaline-enriched breccia 

zones are intimately associated with the processes responsible 

for the more widespread fracturing and alteration of the felsic 

metavolcanic terrane as described above.

In addition, patchy oxidation of the felsic and intermediate 

metavolcanic rocks was notes in the northern and northeastern 

part of the area was noted, but not studied here. Carbonate 

(ankerite infiltration of the mafic metavolcanic rocks in the 

latter area probably also affected the fe Isic-intermediate 

terrane .

5.4.4 Petrography of Fracture-controlled Alteration

5.4.4.1 Petrography of Alteration Associated with Pen-line 

and Cellular Fractures

The mineral assemblages that mark these fracture zones may 

vary widely, even within a single sample; in addition, 

differently decorated fracture zones may crosscut one another. 

The majority of the fracture zones are highly enriched in 

sericite, and many others are enriched in one or more of 

blot ite/chlorite, rutile, tourmaline, and apatite, with or
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without muscovite (Plate 52). Wisps of exceptionally fine rutile, 

some with the characteristic knee-shaped twins, or wisps of fine 

tourmaline commonly occur in the cores of many of the narrow 

fractures (Plate 52). Abundant smoky apatite occurs along the 

margins of fracture zones enriched in biotite/chlorite, 

muscovite, and (local) pyrite. Hairline fracture fillings or 

veinlets of polycrystalline quartz (Plate 53), or quartz and 

albite accompanied by coarse, anhedral pyrite, and similar 

veinlets of quartz and calcite, have been observed crosscutting 

sericite-rich fracture zones; the latter were also deformed by 

the lineation-related event (Section 5.4.3.1). In some rocks 

a few fracture planes are coated with stilpnomelane, and nearby 

pyrite grains are replaced by hematite.

Pyrite generally occurs as elongate, fine grained, 

polycrystalline aggregates a millimetre or less in length, but 

locally occurs either as coarse cubes with pressure fringes 

filled with chlorite 4- quartz ^ epidote JJK biotite, or as 

centimetre scale orbicular clusters of fine grains

(recrystallized concretions or nodules(?)). Pyrite content ranges 

from nil to over 10 per cent, and tends to be more abundant in 

highly fractured, more muscovite-rich rocks (Section 5.A.4.2).

5.4.4.2 Petrography of Most Highly Sericitized, Pyritic 

Zones

In the broad and intensely sericitic zones, the amount of
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Plate 52:
Photomicrograph showing 
enrichment of muscovite, 
rutile(abundant fine 
needles), and chlorite 
along a double 0 sealed' 
fracture zone, truncating 
a buckled, hairline quartz 
veinlet. Sample 84 LBC 475 
Plane polarized light.

Plate 53:
Photomicrograph of 
crimped, quartz-filled 
hairline fracture in 
altered metavolcanic rock 
Sample 84 LBC 475. 
Plane polarized light.
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muscovite is markedly increased (Plate 54). Biotite is 

diminished, although phlogopite(?) , characterized by pale 

brown-colourless pleochroism and high birefringence, occurs in 

some rocks. Pyrite is abundant as elongate, polycrysta'lline 

aggregates and as fragmented pull-apart grains. The pyrite 

appears pristine with no inclusions in polished section, and 

chemical analyses show that pyrite contains substantial arsenic 

and gold (Table 1-19, Appendix I). Ovoid concentrations of fine 

grained pyrite also form pseudonodules in the outer parts of the 

roost sericitized zones. Smoky-cored apatite and rosettes of 

weakly zoned, pale green dravite(?) are abundant. In these 

samples, zircon is particularly clear, coarse, and euhedral.

5.4.4.3 Petrography of Actinolite Segregations and Margins

The ac tinolite-rich veins appear to crosscut the smaller 

fracture zones described above. They consist mainly of sheaf-like 

aggregates of blue-green actinolite and paler green tremolite 

with either interstitial carbonate, which concentrates both near 

vein margins and in core zones, or quartz, which concentrates in 

the vein cores. Epidote, and locally sphene, are commonly 

concentrated along the margins of veins and overprint the wall 

rock as poikiloblast s, and are more abundant where the veins 

contain quartz. In some rocks, masses of polycrystalline epidote 

penetrate along fractures extending into the wall rock from vein 

margins. Chlorite and carbonate patches are also common near vein
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Plate 54:
Photomicrograph of highly sericitized, felsic 

metavolcanic rock showing the abundant sericite, 
tourmaline, and elongate pyrite which define the 
strong lineation. Sericite and quartz occur in pyrite 
pressure shadows. Sample 84 LBC 336. 54A: Section cut 
parallel to the lineation, plane polarized light, 
showing the traces of crimped, cellular fractures. 54B: 
Same as 54A, cross polarized light, showing the 
abundant muscovite which characterizes the intense 
alteration. 54C: Section cut perpendicular to the 
lineation shows no mineral alignment, only the outlines 
of the cellular fractures, demonstrating the linear 
nature of the fabric. Plane polarized light.
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margins. The bleached zones around the actinolite veins are 

enriched in fine grained sericite and carbonate, in places 

overprinted by epidote poikiloblasts. Like the unbleached 

raetavolcanic rocks, these zones contain fine grained biotite 

(local) and rutile, as well as accessory apatite and zircon. 

Pyrite in veined rocks is no more abundant than in sericitized 

but unveined rock, but where present generally occurs in the host 

rocks rather than in the veins themselves.

5.5 Mafic to Intermediate Metavolcanic Rocks 

5.5.1 General Description

Mafic to intermediate extrusive metavolcanic rocks in the 

northeastern part of the map area (Figure 17) consist dominantly 

of dark grey-green metabasalt (unit 2a), and include subordinate, 

lighter coloured, partly fragmental latite. The latter is 

intimately associated with voluminous volcaniclastic rock, mainly 

lapilli tuff, which contains latite fragments and mafic 

metavolcanic to metadiabasic fragments in widely varying 

proportions (unit 2b). Several exposures of pink to red 

weathering, quartz porphyry occur within the area occupied by the 

mafic to intermediate volcanic rocks, and are thought to be 

oxidized inliers of the felsic metavolcanic terrane (unit 1), 

which forms an irregular substrate to the mafic metavolcanic 

rocks. The mafic metavolcanic rocks and their latite counterparts
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are interleaved to the west with a coarser breccia (unit 5a) 

containing a variety of fragments, mainly pink to red latitic and 

dark mafic metavolcanic fragments probably derived from unit 2. 

The breccia must be either younger than, or coeval with and 

transitional to, the metavolcanic rocks of unit 2; the nature of 

the contact cannot be determined because the transition zone is 

traversed by many shear zones. A polymictic conglomerate (unit 

5b) to the north is also in deformed contact with the mafic rocks 

and the breccia. The metavolcanic rocks (units 2a,b), breccias 

(unit 5a), and conglomerate (unit 5b) are all well lineated.

The mafic metavolcanic rocks consist of highly vesicular and 

amygdaloidal, aphyric to finely feldspar-phyric and, less 

commonly, hornblende-phyric flow rocks. Some of the amygdules are 

filled with silica and others contain rusty weathering carbonate. 

Many outcrops show contact partings between rocks of contrasting 

grain size and amygdule or vesicle content, but no pillow margins 

were discerned.

The pink to cream coloured latites contain highly deformed 

phenocrysts of plagioclase and hornblende phenocrysts. They 

appear in many outcrops to grade into more voluminous lapilli 

tuff and tuff breccia included in unit 2b, but because of the 

overprint of the strong lineation, contact relations are obscure. 

To the south and southeast, the fragmental rocks (unit 2b) 

contain a higher proportion of mafic to intermediate clasts, some 

of which may be derived from nearby subvolcanic intrusions of 

me t adiabase-metadiori te (unit 3b) to the south (Figure 17).
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The felsic and mafic-felsic fragmental rocks are exposed 

mainly in the vicinity of the tourmaline-sericite breccia zone 

shown on Figure 18, in an area of relatively intense 

carbonatization of mafic metavolcanic rocks and raetadiabase. They 

are themselves highly altered (Section 5.5.2), the latite 

weathering pink because of a high sericite and carbonate content. 

The more felsic varieties of fragmental rock contain pink 

weathering fragments in a green chloritic matrix, which can be 

described as a pink and green 'pencil schist 1 because of the 

superimposed stretching lineation.

5.5.2 Petrography

The vesicular mafic metavolcanic rocks are highly altered 

and lineated, and generally contain profuse, fine (approximately 

0.1 mm), lath-like phenocrysts of plagioclase in a very fine 

grained matrix of chlorite, plagioclase microlites, carbonate, 

and rutile or leucoxene. The lineation is defined mainly by 

matrix aggregates of carbonate and chlorite. The plagioclase 

microlites in many rocks are somewhat fragmented, imparting an 

imperfect felted texture; the texture is well developed and 

locally trachytic where the microlites are aligned parallel to 

the lineation. Plagioclase phenocrysts are replaced by fine 

grained carbonate. Hornblende phenocrysts, which occur rarely in 

place of plagioclase in a few exposures, are altered to chlorite 

pseudomorphs that are distorted parallel to the lineation.
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Amygdules are filled either with polycrystalline quartz, or with 

fine grained carbonate speckled with heraatized magnetite. The 

carbonate-filled amygdules are rimmed with chlorite and sericite.

The latites contain highly altered plagioclase phenocrysts 

up to l mm in length, and equally coarse prismatic hornblende 

pseudomorphs in a matrix of quartz, carbonate and chlorite. The 

feldspars are replaced mainly by fine grained sericite, aligned 

parallel to the stretching lineation defined by the deformed 

plagioclase grains. Hornblende has been replaced by chlorite, 

sericite, and carbonate, and encloses coarse apatite and scant 

zircon inclusions. Fine grained oxides, mainly rutile and/or 

leucoxene, coat the plagioclase and many of the hornblende 

pseudomorphs. Clasts in the associated fragmental rock (unit 2b) 

are petrographically similar, and chlorite is enriched between 

clasts. Fine grained rutile is concentrated along discretely 

spaced fracture planes subparallel to the lineation, resulting in 

a local grey fleck that characterizes broken surfaces of the pink 

and green 'pencil schists'. It must be emphasized that the 

alteration assemblage observed in these rocks may as much reflect 

the alteration state of the area from which they were sampled as 

the specific unit.
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5.6 Mafic to Intermediate Intrusive Rocks

5.6.1 Introduction

Mafic to intermediate intrusions include the hornblende 

lamprophyre dykes (unit 3a) , and hornblende metadiabase to 

metadiorite stocks (unit 3b). The hornblende metadiabase stocks 

and the lamprophyre dykes are remarkably similar in the Jalna 

area, and it is likely that they are magmatically equivalent. 

They were mapped separately mainly on the basis of texture and 

lack of primary volcanic features.

5.6.2 Lamprophyre

The lamprophyre dykes contain millimetre size and finer, 

bladed amphibole phenocrysts in a green-grey weathering, 

aphanitic matrix. All of the lamprophyres are deformed, and 

display the strong regional lineation, or piano-linear fabric 

where they occur in the northern ductile shear zones. The 

lamprophyres in the northern part of the area are carbonatized 

with the surrounding metavolcanic rocks. Carbonatization is 

particularly intense where lamprophyre dykes traverse sericite +

carbonate -f chlorite schists, and is weaker outside these zones.
.

The lamprophyre in the North Zone trenches to the south contains 

little carbonate, like the hosts with which it was 

metamorphically ree rystall i zed.
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In the highly carbonatized lamprophyres, the amphibole 

phenocrysts are totally replaced by aggregates of chlorite, which 

form microschlieren parallel to the lineation and foliation. 

The matrix displays minor anhedral feldspar and quart'z, but is 

heavily overprinted by carbonate. Leucoxene, some of which looks 

like rutile and some of which clearly consists of darkly coloured 

sphene, also dots the matrix. Planolinear fabrics in the foliated 

lamprophyre dykes are defined mainly by chlorite in flattened and 

extended aggregates which apparently replace amphibole, and by 

the matrix carbonate patches. The latter are cut by chlori te-rich 

S-planes, and are individually composed of several rhombic grains 

as opposed to very fine grained, planolinear aggregates which 

characterize dykes with only linear fabrics.

In the northeastern lamprophyre body, partly carbonatized 

lamprophyre grades into lamprophyre containing little or no 

carbonate. Hornblende pseudomorphs are included in a matrix of 

chlorite, carbonate, quartz, and leucoxene in the partly 

carbonatized lamprophryre, and in a matrix of actinolite, sphene- 

coated acicular opaque grains (rutile(?)), quartz, and possibly 

feldspar in the carbonate-free lamprophyre. The lineation is 

defined by stretched phenocryst pseudomorphs in rocks of both 

alteration states, and weakly defined by matrix minerals. In the 

former, the phenocrysts are replaced by chlorite, rarely 

overprinted by biotite or single grains of epidote, and hairline 

fractures are filled with epidote and quartz, as in the 

neighbouring syenite intrusion (unit 5.9). In the latter, the

196



phenocrysts are replaced largely by chlorite, although margins 

and internal fractures are occupied by fibrous actinolite, of 

which rare shreds overprint the-chlorite randomly. This texture 

suggests two stages of metamorphic recrystallization,'beginning 

with one stage which produced chlorite and possibly carbonate, by 

analogy with the adjacent carbonatized rocks; and a second, 

producing actinolite at the expense of carbonate (plus quartz 

(?)) in the carbonate-free rock. This must have occurred either 

after or late in the lineation development, possibly as a result 

of the nearby syenite intrusion.

The carbonate-free lamprophyre of the North Zone trenches 

contains about 50 % submillimet ric bladed amphibole, which 

consists of blue green actinolite or hornblende with sporadic 

brown and brown-green hornblende cores in larger grains. The 

lineation is defined by blue green amphibole aggregates, 

indicating that the latter amphibole crystallized or 

recrystallized during the lineation-related regional deformation. 

A very fine grained, polygonal, quartzofeldspathic intergrowth 

fills the interstices between amphibole blades. Accessory 

minerals are very fine grained, and include abundant fuzzy sphene 

and minor pyrite. Pleochroic haloes in amphibole grains suggest 

the presence of baddelyite or zircon.

5.6.3 Hornblende Metadiabase to Metadiorite

Metadiabase to metadiorite (unit 3b) occurs as small bodies
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along the eastern side of the area. It also occurs in a highly 

brecciated and altered intrusion in the centre of the area, 

denoted here instead as unit Aa (Figure 17: A) because the 

effects of brecciation and associated alteration are dominant, 

and because wall rock rhyolite is incorporated in an intimately 

'mixed' zone along the margins of the intrusion. Part of a 

northeast of this major brecciated intrusive complex; since only 

part of the outcrop area is thoroughly transformed it shown as 

unit 3b-4a on Figure 17 (B). Metadiabase and metadiorite also 

form part of the mafic border zone of a composite ultramafic to 

felsic intrusive complex (Section'5.9.3) on Gold Creek to the 

west, denoted as Unit 6 on Figure 17 (Location C).

The metadiabase plugs in the eastern part of the area are 

massive, moderately fine grained, and show local gradations to 

more feldspathic rock. The northernmost plug is carbonatized with 

the surrounding metavolcanic rocks. The partly brecciated and 

altered body is weakly plagioclase-phyric.

Noncarbonatized metadiabase consists of equigranular 

intergrowths of euhedral bladed amphibole (30 to 40 percent in 

most rocks) with interstitial subhedral plagioclase, and ^ 5 7* 

anhedral quartz. The amphibole is largely blue-green actinolite 

or hornblende, but many grains have igneous, brown and brown- 

green cores. Plagioclase is simply zoned, and the cores are 

lightly occluded by saussurite. Abundant sphene, apatite, and 

trace zircon are accessory minerals. Carbonate patches overprint 

all minerals locally.
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Carbonatized metadiabase consists of > 50 % iron carbonate, 

30 Z chlorite and < 20 % quartz and/or albite, with abundant 

accessory rutile and traces of fine grained magnetite.

5.7 Alteration-dominated Breccia Zones 

5.7.1 Introduction

The effects of hydrothermal brecciation and/or alteration 

are so intense in some areas of the claim block that they 

partially or completely mask the original rock type. In the 

centre of the map area, the primary relationships among the 

plutonic rocks and the felsic metavolcanic hosts of a mafic 

intrusive complex cannot be documented because the intense 

brecciation centred around the core of the complex also affects a 

wide margin of wall rock. The complex is denoted on the map as 

Unit Aa and shown with a transitional boundary on Figure 17.

Polymictic breccias containing mafic subvolcanic fragments, 

vesicular mafic volcanic fragments, and obviously previously 

fractured felsic volcanic rocks located in the vicinity of the 

intrusive breccia complexes are denoted as unit 4b on Figure 17. 

Some or all of these rocks might be equated with crudely bedded 

polymictic breccias (unit 5a) exposed further north (Section 

5.8). More work is needed to subdivide and investigate the origin 

of fragmental rocks of this general nature.

Massive, fractured to brecciated tourmaline-quartz and
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tourmaline-sericite rock (unit 4c) has been observed in two 

places: in the Creek Zone (Figure 19), and within a breccia of 

altered fragments northeast of the mineralized zones (Figures 17, 

18).

5.7.2 Brecciated Intrusion Zone

The brecciated intrusion zone contains an irregular, amoebic 

core in which metadiabase and metagabbro fragments of all sizes 

are engulfed in a buff-white weathering alteration matrix. 

Mat rix f ragment contacts are both diffuse and sharp. In places, 

the breccia pieces fit together, whereas in others they are 

corroded almost to the core (Plate 55). Away from the central 

zone, angular mafic fragments and pieces of more corroded mafic 

rock are mixed with large, angular fragments of the host dacite 

and quartz-feldspar porphyry (Plate 56). Because of the high 

degree of alteration, the imprint of the regional, steeply 

plunging stretching lineation is very strong (Plate 57). Outside 

the brecciated area, the felsic metavolcanic rocks show the 

traces of two or three sets of densely spaced, parallel, planar 

fractures.

The complex is cut locally by narrow actinolite- and 

chlorite-filled veinlets, with or without quartz, similar to 

those which cut the felsic metavolcanic complex; these veinlets 

fill planar, north-striking fractures, which commonly traverse 

individual breccia fragments and are affected by minor fault
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Plate 55:
Angular to highly corroded fragments of hornblende 

metadlabase in buff-white alteration matrix.

Plate 56:
Large, angular blocks of dacite (light grey with dark 

rims) and small, highly corroded mafic fragments in 
buff-white alteration matrix, all traversed by narrow, 
deformed, quartz extension veins.

Outcrop of highly altered mafic breccia cut by nebulous 
actinolite veinlets (eg. left side of scale), all 
showing the strong stretching lineation on the steep 
face.
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displacements (Plate 57). The brecciated intrusion zone is also 

cut by minor, planar, fracture-filling quartz veins, barren of 

sulphides (Plate 56). However, larger and more irregular quartz 

veins with actinolitic septa and margins contain abundant 

sulphides, and one such vein in the centre of the complex assayed 

0.03 oz./ton gold.

Where least corroded, the mafic meta-igneous breccia 

fragments consist of metadiabase and intermediate to relatively 

mafic metagabbro. The metadiabase fragments commonly show relics 

of plagioclase phenocrysts on surfaces at high angles to the 

lineation. Several corroded mafic fragments and their enclosing 

alteration were sampled for petrography. Under the microscope, 

the mafic domains of the altered breccia vary from amphibole- 

bearing to chlorite-bearing.

A mafic, relict meta-igneous domain in the araphibole-bearing 

breccia sample consists of a medium grained intergrowth of about 

40 to 50 percent bladed, blue-green amphibole in an interstitial 

intergrowth of quartz and subordinate brown biotite. Coarse, 

spongy grains of zoisite, concentrations of fine grained opaque 

minerals, some of which look like rutile and others like 

magnetite, and accessory sphene and apatite accompany both the 

bladed amphibole and the quartz-rich interstices. In the outer 

parts of the ac tinolite-rich domain, brown biotite increases in 

abundance and grain size, whereas amphibole decreases in 

abundance until it is only present as sporadic, porphyroblastic 

sheaves of acicular grains. Fine grained muscovite becomes
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abundant in the quartzose intergrowth of the plae alteration 

matrix. Rutile, muscovite, biotite, and both bladed and fibrous, 

blue-green amphiboles define the strong lineation in both 

amphibole-rich and amphibole-poor domains. Scant pyrite cubes 

overprint both felsic and mafic domains, and are locally 

hematized.

One sample of a fine grained, chlorite-rich domain displays 

pseudomorphs of plagioclase laths about 0.2 mm long, embedded in 

a fine grained matrix. The mafic matrix consists of chlorite 

(ripidolite) intergrown with minor brown biotite in subequal 

proportion to fine grained polycrystalline quartz, with abundant 

accessory zoisite-rimmed allanite and fine rutile, all 

overprinted by cubic pyrite. The lath-like feldspar pseudomorphs 

consist of checkered albite overprinted sparsely by very fine 

grains of quartz and chlorite, and rarely by calcite patches. The 

pale, altered material surrounding the mafic domain consists of 

very fine grained quartz and sericite with local concentrations 

of chlorite and/or biotite, all speckled with fine grained rutile 

and sparse epidote and sphene. Coarse cubic pyrite overprints 

the matrix. In this pale material, lath-shaped domains a fraction 

of a millimetre in length and consisting of a relatively coarse 

grained, polygonal intergrowth of quartz and chlorite possibly 

also represent plagioclase phenocryst relics like those in the 

mafic domains, only with the quartz and chlorite replacement 

relatively advanced.

The mineral assemblage of another sample of the buff-white
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alteration is much the same as in the rocks described above with 

the addition of heterogeneously distributed tourmaline (schorl).

5.7.3 Polymictic Fragmental Rock

Polymictic fragmental rocks east of the core of the 

brecciated intrusion zone contain fragments up to cobble size, 

and possess a clastic matrix rather than the buff-white 

alteration matrix of the core. Between the core zone and the 

North Zone trenches, clasts include fragments of the felsic 

metavolcanic complex and the massive metadiabase or metabasalt 

(Plate 58). Farther afield, similar fragmental rocks contain 

clasts of vesicular metavolcanic rock, felsic metavolcanic rock 

with or without the pen-line fractures, lapilli tuff or coarse 

ash with either primary or fraeture/alteration induced 

lamination, and sericitized or silicified rock (Plate 59).

These rocks lack sedimentary structures, unlike very similar 

breccias of unit 5. They were crosscut by actinolite and quartz 

veins before the superposition of the strong regional stretching 

lineation. In the North Zone trenches, small faults or fractures, 

commonly siting actinolite veins, mark some of the contacts of 

the polymictic fragmental rocks with the felsic metavolcanic 

rocks. Other, probably nonconformable, contacts are sharp and dip 

moderately to the west.
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Plate 58:

Redeposited polymictic breccia or debris flow rock 
(Unit 4b), containing mafic plutonic, and mafic and 
felsic raetavolcanic fragments, North zone trenches, 
Jalna claim block.

Plate 59:
Polymictic breccia containing a block of pen-line 
fractured felsic metavolcanic rock, as well as mafic and 
felsic metavolcanic fragments.
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5.7.3 Tourmalinized Rock

At the base of the Creek Zone trenches, a diffusely bounded 

zone of dark grey, macroscopically porcelalnous rock with a very 

coarsely fragmental aspect consists of a massive, dark grey, fine 

grained, tourmaline-quartz intergrowth traversed by narrow 

fractures infilled with quartz. Most of the tourmaline-quartz 

rock consists of fine grained, yellow-green to pale green, and 

rarely colourless, rosettes of zoned dravite in a matrix of 

polygonal quartz, crisscrossed by veinlets or fracture fillings 

of fine grained, polygonal quartz and sericite (Plate 60). 

Latticework aggregates of rutile are associated nainly with the 

tourmaline-rich domains, and variable amounts of pyrite overprint 

both the mafic and siliceous domains as sing.le euhedral crystals 

or as crystal aggregates. There are several generations of 

quartz-rich veinlets, the coarser veinlets commonly crosscutting 

the finer grained ones. In some rocks, sericite is incorporated 

into the tourmaline and quartz intergrowth and there is little 

quartz channelwork. Late fracture planes are decorated with 

stilpnomelane.

In the northeastern part of the mapped area, a coarse 

breccia, surrounded by a particularly dense network of the

arcuate, pen-line fractures, contains a varied assortment of
*

moderately to strongly altered rock fragments, including feldspar 

porphyry of either unit l or 2 and fragments consisting entirely 

of tourmaline, muscovite and quartz. Particularly wel1-1ineated
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Plate 60:
Photomicrograph of tourmaline-quartz rock showing 

dravite rosettes (grey) in a polycrystalline, 
quartz-rich matrix. Sample 84 LBC 362. Plane polarized 
light.
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breccia fragments contain alternating layers of linearly aligned, 

monomineralic aggregates of highly pleochroic green tourmaline 

(schorl) and similar aggregates of muscovite interrupted by 

polycrystalline, lineation-subparallel veinlets of quartz. Both 

the tourmaline-and muscovite-rich layers are overprinted by 

particularly abundant, euhedral, translucent, yellow brown rutile 

showing well developed 'knee' twins.

This breccia zone may represent a local focus of fracturing, 

alteration and quartz veining associated with the pen-line 

fracture system. Massive, highly tourmalinife rous quartz veins 

which cut the mafic metavolcanic terrane to the north of the 

breccia zone (Figure 17) may also be related to this system.

5.8 Polymictic breccia and conglomerate

The north part of the map area exposes polymictic breccia 

(unit 5a) and conglomerate (unit 5b), both of which are locally 

crudely bedded, in contrast to the breccias described above. The 

breccia is intricately interleaved with vesicular metabasalts to 

the east, and may grade into finer fragmental rocks of unit 2b. 

In the west, it is cut by a lamprophyre dyke. The conglomerate 

has to date been recorded only in one outcrop area, in unexposed 

contact with the breccias nearby. Thus, its extent and field
4

relationships are very uncertain. Both rock types have been 

affected by carbonatization, and are overprinted by the sericite 

4- carbonate * chlorite schist zones which traverse the northern
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outcrop area. Both also display the strong regional lineation.

The breccia (unit 5b) contains angular fragments of coarsely 

to finely feldspar-phyric felsic metavolcanic rock, vesicular 

metabasalt, and metadiabase. Some of the felsic metavolcanic 

rocks appear highly shattered, and rare fragments show the 

tourmaliniferous pen-line fractures. The fragments are pebble- to 

cobble-sized, and are coarsest in the north-central part of the 

map area, and finest in the west where they are also weakly 

graded. Fragments are aligned where the breccia is clast- 

supported. The unsorted, green-weathering matrix also consists of 

angular volcanic rock fragments.

The conglomerate is clast-supported, and contains a wider 

variety of fragments than the nearby breccia, including felsic 

metavolcanic rocks with and without pen-line fractures, vesicular 

metabasalt, magnetite-chert iron formation, and vein quartz 

(Plate 61). The fragments are subrounded to subangular, pebble- 

to cobble-sized, and oriented with their long dimensions parallel 

to lensoid bedding defined by grading.

209





Plate 61:
Clast-supported, polymictic conglomerate with 

subrounded to subangular clasts of felsite, metabasalt, 
iron formation, and vein quartz.
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5-9 Composite Felsic to Ultramafic Intrusion 

5.9.1 General Description

The composite pluton centred on Gold Creek comprises a 

granodiorite core (unit 6a) which intrudes a complex mafic 

plutonic border zone (unit 6b). The mafic plutonic border 

consists of a variety of igneous phases which appear to be in 

both gradational and intrusive contact; more feldspathic phases 

generally intrude more mafic rocks (Plate 62). The mafic rocks 

are for the most part medium grained and megascopically pyroxene- 

phyric. They include varitextured hornblende metadiorite to 

hornblende-rich mafic metagabbro, clinopyroxene-hornblende 

metagabbro, and clinopyroxene metagabbro. Gabbroic to dioritic 

phases commonly include both fine grained mafic metadiabase and 

medium grained ultramafic xenoliths (Plate 63). Coarse grained 

ultramafic cumulate rock, either metambrphically altered 

clinopyroxenite or hornblendite, is exposed along the western 

bank of Gold Creek.

The mafic border zone rocks clearly intrude the lineated 

felsic metavolcanic rocks, and are themselves lineated locally. 

However, for the most part, the border zone rocks are anomalous 

for the Jalna claim block in lacking the stretching lineation. 

These rocks are instead affected by numerous internal fractures, 

some of which are filled with pegmatite, quartz, and trondhjemite 

veinlets. Nevertheless, the granodiorite which intrudes them is
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Plate 62:
Border zone of composite intrusion showing cognate 

xenoliths of mafic and felsic plutonic rock, cut by and 
engulfed in, progressively more felsic granitoid rock.

Plate 63:
Ultramafic cognate xenolith engulfed in clinopyroxene- 

bearing hornblende metagabbro. Clinopyroxene forms the 
large, locally rimmed crystals dispersed throughout the 
gabbro.
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moderately to strongly deformed, and displays a steeply plunging 

lineation defined by mafic streaks and quartzofeldspathic 

lozenges. Because the granodiorite cuts the mafic plutonic border 

zone, it is concluded that the strain either accompanied 

granodiorite emplacement or post-dated the emplacement of the 

complex as a whole, and was accommodated more readily by the 

felsic core than the mafic border. Alternatively, this strain may 

result from the diapiric emplacement of the granodiorite (cf. 

Schwerdtner e t al. 1979, Stott and Schwerdtner 1981).

5.9.2 Petrography

The granodiorite is more leucocratic in the innermost part 

of the intrusion than near the border zone, where it contains 

many mafic xenoliths and intrudes fragmented metagabbro. The 

leucocratic core consists of plagioclase and microcline in 

inversely varying proportions (7-0. - 75 % combined feldspar), 

quartz (20 - 25 %), and up to 5 percent combined chlorite and 

epidote. Apatite and sphene are sparse accessory minerals. Both 

feldspars are subhedral, quartz occurs as interstitial polygonal 

aggregates, and all are somewhat fragmented. Chlorite and epidote 

in rare cases replace euhedral hornblende grains, but are in most 

cases concentrated along narrow fractures of centimetric spacing 

which traverse the quar tzofeldspathic intergrowth, cutting 

through grains and aggregates of feldspar and interstitial 

quartz. Fracture intersections parallel the megascopic lineation.
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These fractures are also commonly bordered by fine grained, 

polygonal quartz aggregates. Some of the broadest fracture zones 

contain highly fragmented feldspar and quartz in the epidote- and 

chlorite-rich matrix.

The more mafic granodiorite intruding the border zone rocks 

is also highly fractured, with chlorite and epidote concentrated 

along the fracture zones. One sample contained about 60 X 

plagioclase (oligoclase-andesine) and up to 20 /K prismatic 

amphibole, the latter a deep green hornblende, patchily replaced 

by pale, blue-green actinolite or hornblende. Quartz, chlorite 

and epidote constitute the remainder of the rock.

The mafic plutonic border zone rocks are highly variable, 

and only a few varieties were sampled. One sample of the 

hornblende-rich metagabbro contains about 85 % prismatic 

brown-green hornblende, which is partly altered to either coarse 

grains or fibrous aggregates of blue-green amphibole. About 10 Z 

of the ferromagnesian silicate grains were replaced by chlorite 

and rutile. Quartz, and possibly albite, occur interst i tially.

A sample of clinopyroxene-hornblende metagabbro contains 

between 30 and 50 % prismatic hornblende grains averaging 

about a millimetre in maximum diameter, but varying widely in 

size and proportion. Some are deep green to brown-green, but many 

are now clear, blue-green actinolite or hornblende. About 10 /^ 

of the rock consists of heterogeneously distributed, stubby 

pseudomorphs of polycrystalline tremolite after zoned 

clinopyroxene, averaging about 3 mm in diameter (Plate 63). The
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replacement amphibole becomes more deeply pleochroic toward the 

rim. Sericitized plagioclase, which varies in amount in inverse 

proportion to hornblende, is interstitial to the mafic grains. 

About 2 to 5 % quartz is interstitial to the plagioclase grains. 

Skeletal sphene is the most abundant accessory mineral, followed 

by apatite and minor magnetite, the latter encased in the 

raetamorphically altered clinopyroxene grains. Secondary chlorite 

with sphene-decorated cleavages is concentrated near fractures. 

In another sample of clinopyroxene metagabbro, 25 to 30 %, 

0.5 to 3 mm diameter, zoned clinopyroxene euhedra are 

embedded in a fine grained, metamorphosed matrix consisting of 

actinolite and altered plagioclase, with accessory apatite and 

sphene. The clinopyroxenes are replaced by fibrous 

tremolite/ac tinolite which is more deeply coloured in the rims, 

and by subordinate, fine grained sphene and rare epidote. A 

little partly hematized magnetite, stilpnomelane, and chlorite 

occur sporadically throughout the sample.

5.10 Feldspar-phyric Syenite

A plug or sill of feldspar-phyric syenite (unit 7) is 

exposed in the northeastern corner of the map area. Other than 

epidote-filled fractures which crisscross the syenite, it is 

either undeformed or little deformed, although it clearly 

intruded mafic metavolcanic rocks possessing a strong lineation.

The syenite is composed of about 20 %, single and

215



agglomerated plagioclase phenocrysts and about 10 % altered, 

mafic phenocrysts in a spherulitic, feldspathic matrix. Sphene, 

epidote, and fine needles of clear apatite are abundant 

accessory minerals. The mafic crystals, at least some of which 

show the prismatic outlines of amphibole, are replaced by 

epidote, sphene, and chlorite. The sphene is very occluded, and 

in places contains inclusions of either fine, acicular or coarse 

equant opaques, probably rutile and magnetite, respectively.

Fractures vary from a fraction of a centimetre to less than 

a millimetre in width. The broadest are filled predominantly with 

prismatic epidote and subordinate interstitial quartz. Quartz, 

accompanied by subordinate epidote grains, occupies other 

fractures.

5.11 Olivine Diabase Dykes

Brown-weathering, phaneritic olivine diabase dykes (unit 8) 

strike northward across the metavolcanic and plutonic terrane. 

They display no evidence of deformation, and are fresh relative 

to the surrounding rocks.

The diabases consist of an intergranular intergrowth of 

subequal proportions of lath-like plagioclase and subhedral 

grains of little altered to partly altered pyroxene, accompanied 

by at least 5 % magnetite, as coarse skeletal or interstitial 

grains. The pyroxene is partly altered to red-brown iddingsite.
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5.12 Timing of Alteration, Deposition and Intrusion Relative 

to Tectonic Development

Table 3 (Section 5.3) summarizes the temporal framework of 

deformation, alteration and metamorphism, and deposition or 

intrusion on the basis of the present knowledge of field 

relations and petrography. Unfortunately, there is as yet no 

geochronological evidence by which to calibrate this framework.

It is noteworthy that the fracturing and sericitization must 

be younger than at least one of the mafic intrusions, and that 

carbonatization in the northern and northeastern parts of the 

area is younger than the mafic and intermediate volcanic rocks 

and breccias. However, there are no clear overprinting relations 

between various centres of fracturing, and it assumed that 

fracturing and related sericitization, tourmalinization, and 

pyritization in various areas are more or less synchronous. 

Brecciation and sericitic alteration, focussed in the central 

mafic intrusive complex (unit 4a) , pre-dated minor actinolitic 

veining, which crosscuts both fragments and alteration matrix and 

which is itself disturbed by late fracturing or minor faulting. 

This suggests that if there were any hiatus between 

sericitization and segregations of actinolite along fractures, 

sericitization is earlier, as shown on Table 3. Alternatively, 

the actinolite segregations may represent the metamorphosed 

byproducts of the sericitization process, which have been 

remobilized along late fractures, and are thus a part of a
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continuous alteration event rather than the result of a separate 

fluid influx. In many outcrops, the cores of some of the 

actinolite veins have also sited later vein quartz, which 

were also emplaced along existing planes of weakness.

5- 13 Gold Mineralization, Jalna Claim Block

Auriferous anomalies in the Jalna claim block correspond to 

areas where fracture-enhanced sericitization is most intense in 

the f elsic-intermediate metavolcanic complex, and where 

disseminated pyrite is anomalously abundant. Four main auriferous 

zones, named the Creek, Ternowesky, North and South Zones, were 

originally defined by the Jalna group of companies on the basis 

of overburden geochemical arsenic anomalies, and later stripped. 

Although patches of disseminated pyrite mineralization have been 

found farther afield, these zones are thought at the time of 

writing to be the most auriferous.

During this project, geochemical samples were taken of the 

least altered metavolcanic rocks, of highly sericitized and 

pyritized metavolcanic rocks, actinolite veins with bleached 

margins, and quartz veins (Tables 1-13 to 1-18, Appendix I). In 

general, gold values correlate positively with the presence of 

sericitic and pyritic alteration in hand sample, and with 

elevated values of sulphur and arsenic. Gold is enriched in the
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highly sericitized rocks, and in those with actinolite veins and 

their bleached margins which also contain abundant pyrite. The 

sericitic, pyritic zones are promising because they possibly 

widen at depth, making up greater volumes of rock than apparent 

at the surface.

The quartz veins in this area are minor. Most are barren of 

metallic minerals. However, one sulphide-bearing quartz vein, 

exposed in the core of one of the very highly sericitized bands 

in the Ternowesky zone (Section 5.14.3) yielded a gold assay of 

6.08 oz/ton, and another quartz vein with actinolitic and 

chloritic margins and coarse pyrite, cutting fragmental rocks of 

the brecciated intrusive complex (units 4a, b), assayed 0.03 

oz/ton Au.

With the exception of the Ternowesky vein, the metallic 

minerals in the mineralized areas consist predominantly, and in 

most places solely, of pyrite. Polished sections indicate that 

the pyrite is pristine, with no microscopic inclusions or 

fracture fillings. However, geochemical analyses of 3 pyrite 

separates showed considerable dissolved arsenic and gold (Table 

1-19), From this preliminary data, it is assumed that the gold is 

invisible gold (Springer 1983), possibly in solid solution in 

pyrite, along with variable amounts of arsenic; because neither

the arsenic nor the gold became saturated in the pyrite
.

under the conditions of crystallization and re-metamorphism, gold 

neither exsolved as inclusions nor is in direct porportion with 

the amount of sulphide in the rock.
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5. 13.2 Creek Zone

The Creek Zone has been exposed in two bulldozed trenches 

extending from large outcrops on the banks of Gold Creek (Figure 

19), and in a trench and a pit to the south of the main trenches 

and to the west of the creek exposure of the old 'Quartzite mine 1 

(Figure 18). The rocks exposed in the Creek Zone consist of 

massive and possibly pyroclastic members of the felsic to 

intermediate metavolcanic complex, that have been variably 

altered and metamorphosed to upper greenschist facies 

assemblages, characterized by biotite and rare garnet. 

Fragmental-looking rock in the centre of the one of. the main 

trenches on the creek may represent primary pyroclastic or 

volcaniclastic rocks (unit Ab or le) or the products of 

hydrothermal brecciation, also responsible for the introduction 

of anomalous pyrite, tourmaline, and sericite. The outcrops at 

the base of the main, northern trenches expose one of the 

fractured tourmaline-quartz alteration zones (unit Ac), 

consisting of coarsely fragmented grey rock composed of dravite 

rosettes in fine quartz and sericite, permeated by several 

generations of- quartz-sericite and quartz-filled fractures 

(unit 5.8.4). The most intensely sericitized rocks in this zone 

occur as septa of lineated sericite schist within and surrounding
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CREEK ZONE. NORTH TRENCHES

+ 36S

Massive quartz 4 feldspar-phyric dacite 
possibly fractured or brecciated

Breccia, 4b, 1c or hydrothermal breccia
Zone of intense sericitization
Quartz vein
Actinolite vein
Fracture sets
Fracture, dip indicated
Stretch or mineral lineation, 

plunge indicated
Minor fault 
Location of sample 
Water

4b or
hydrothermal
brecciation

(not surveyed)

10
metres

Figure 19: Northern trenches of the Creek zone, Jalna 
claim block.
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this tourmaliniferous zone; samples of this sericitized rock

containing patchy but profuse, disseminated pyrite yield low but

anomalous gold values (Table 1-16, Appendix I).

5.13.3 Ternowesky Zone

The Ternowesky Zone, sited entirely within the

felsic-intermediate metavolcanic complex, is exposed in several 

outcrops from Gold Creek to an outcrop on the east side of the 

lumber road (Figure 20), and in an outcrop-trench (Figure 21) and 

small pit in the woods to the west of the road (Figure 18). 

Massive, feldspar- and quartz-phyric dacite (unit la) in the 

western part of the zone passes into the more proximal 

intrusive-extrusive porphyry complex, characterized by many 

crosscutting contacts (unit Ib). Hydrothermal fracturing and 

intense sericite-pyrite alteration are locally pervasive in the 

roadside outcrop and very locally in the pit; it is therefore 

difficult to assess how much, if any, of the porphyry complex was 

originally pyroclastic. Progressive weathering of the recently 

cleared exposure has enhanced its fragmental appearance, as the 

more highly sericitic and pyritic fracture zone material weathers 

negatively.

A broad, arcuate, intensely sericitized zone at the base of 

the roadside outcrop (Figure 20), containing local flakes of 

bright green muscovite, is also intensely pyritized and yields 

elevated gold values (up to 2000 ppb: Table 1-16). A narrow,
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Massive quartz and feldspar-phyric dacite. 
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38

Tuff-breccia

Zone of most intense sericitization 
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Subvertical fracture traces
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Minor fault orientation
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Minor fault (vertical)

Location of sample 84LBC-343

Edge of slope, hachures toward downdrop

Stretching lineation with plunge indicated

LEGEND FOR FIGURES 20 4 21
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A ••riclU-tourmMIn*- 
pyrlt* duration

Figure 20: Roadside outcrop of the Ternowesky zone, Jalna 
claim block.

LEGEND
m lor rocdcldo outcrop
ol Tornowoiky ZOM

Figure 21: Ternowesky trench west of the road, Jalna 
claim block.

224



irregular quartz vein intruding this sericitic-pyri tic zone 

contains tennantite, galena, and pyrite; one assay yielded 6.08 

oz/ton Au and 40.7 oz/ton Ag (Table 1-18).

The North Zone is exposed in a series of three trenches and 

three stripped outcrops (Figure 22). This zone is also underlain 

predominantly by the transition of the proximal quartz-feldspar 

porphyry complex (unit Ib) to massive dacite (unit la), and 

intense hydrothermal brecciation and alteration here also make it 

difficult to estimate the proportion of pyroclastic rock in the 

complex. Polymictic fragmental rocks (unit 4b) overlie the felsic 

metavolcanic rocks in the northern and middle trenches in both 

nonconformable and minor fault contact.

Very highly sericitized, pyritic zones are exposed in the 

northern and middle trenches and in the outcrop west of the road. 

Green muscovite characterizes this alteration, and orbicular 

concentrations of pyrite occur near its margins. The sericitic 

zone in the northern trench passes into a smaller area of 

additional silicification. The highest gold values have so far 

been found to correspond to these sericitized zones (Table 1-16), 

particularly the silicified rock, one sample of which yielded an 

assay of 7950 ppb Au.

The North Zone exposes numerous actinolite veins, which are 

sited along fractures and along minor fault contacts between the
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Quartz-pyrite-actinolite vein ,— , ,, ,, 
with chloritic septa f j l'/

Fractures, dip indicated
Stretching lineation, plunge indicated

ay Early fabric, either layering or 
curviplanar fracture

Traces of layering
Actinolite veins with bleached rims
Quartz veins, most with actlnolitic

margins
Zone of most intense sericitization 
Zone of silicification

Unit4b 

l l Units la, 1b

NORTH ZONE TRENCHES

Figure 22: North zone trenches and outcrops, Jalna claim 
block.
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felsic raetavolcanic complex (unit 1) and the polymictic 

fragmental rock (unit Ab) in the northern trench, and as bands 

alternating with bleached, pink-grey, alteration zones (Plate 49) 

in a highly sericitized portion of the middle trench. The 

pink-grey colour of the bleached zones is due to abundant fine 

grained sericite, minor carbonate, rutile, and epidote 

porphyroblast s. Some of these actinolite veins and their bleached 

marginal zones are highly pyritic and auriferous in these 

trenches (Table 1-14).

5.13.5 South Zone

Two trenches expose this showing, which is also underlain 

solely by the felsic-intermediate metavolcanic rocks affected 

locally by hydrothermal brecciation. Tourmaline- and sericite- 

enriched alteration surrounds fragments in locally tuffisitic 

rock northwest of a broad, bifurcating zone of intense 

sericitization and disseminated pyrite mineralization in the 

northern trench. The latter zone contains the anomalously bright 

green muscovite, and yielded low, but elevated, gold values 

(Table 1-16).

5.14 Conclusions, and Recommendations for Further Exploration of 

the Jalna Claim Block and Surrounding Areas

The auriferous mineralization in the Jalna claim block is
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Location of sample: 84 LBC 334
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Figure 23: South zone trenches, Jalna claim block
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contained in highly sericitic and pyritic alteration zones, 

possibly representing the foci of the most highly brecciated 

parts of a widespread hydrothermal fracture system affecting the 

felsic to intermediate metavolcanic complex and local mafic 

intrusive complexes. If the mafic intrusions prove to be 

significantly younger than the felsic metavolcanic complex, the 

fracturing and alteration is also post-volcanic and significantly 

younger. A link between alteration and magmatic activity in the 

area, possibly associated with relatively young mafic and felsic 

intrusions, is suspected; seismic activity might have been 

triggered by the upward emplacement of the plutons into hosts in 

which a system of fluid convection was beginning to establish 

itself, possibly during other regional tectonic activity such as 

fault displacement. The potential presence of fundamental steep 

structures or 'breaks 1 at the time of fracturing and magmatic 

activity could conceivably have further focussed alteration and 

mineralizing fluids, and would thus have increased portential for 

gold deposition.

The style of the fracture systems and their coalescence into 

zones of intense brecciation, coinciding locally with heavily 

sericitized and pyritized zones, suggest that a study of the 

geometry, distribution and density of altered fractures might 

assist in understanding the geometry of mineralization.

It would, therefore, be useful to conduct a wider regional 

reconnaissance in order to: 

(1) Map strain fabrics, shear zones and faults, and where
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possible, determine kinematics and timing of individual 

structures in relation to other effects such as fracturing, 

regional metamorphic peak and plutonic emplacement.

(2) Investigate the presence and types of intrusion.

(3) Map the geometry of minor, arcuate fractures, 

particularly those decorated with tourmaliniferous alteration 

such as the pen-line fractures, searching out areas of more 

intense fracturing to brecciation and more pervasive alteration. 

The development of more closely spaced, cellular fracture 

networks might be used as a sign that such a centre of 

brecciation is approached.

In addition, it is possible that the mafic metavolcanic 

rocks and associated latite, and the conglomerate in the northern 

part of the area, are tectonostratigraphic equivalents to 

1 Timiskaming-type' sedimentary and volcanic rocks in the northern 

part of the Shebandowan belt, unconformable on an older 

metavolcanic terrane represented here by the felsic to 

intermediate metavolcanic rocks. Because of the possible 

importance of the Timiskaming - Keewatin unconformity in the

Kirkland Lake - Larder Lake area in influencing gold deposition
*

(Hodgson 1983), it might be valuable to determine the location 

of, and if possible the three dimensional geometry, this 

unconformity in Duckworth and Laurie Townships.
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SECTION 6 GEOLOGY OF THE HURONIAN MINE - SNODGRASS 

LAKE AREA, MOSS TOWNSHIP

6.1 Brief Background and Scope of Investigation

The Huronian Mine (Figure 1), also known as the Ardeen, 

Moss, or Kerry Mine, was among the earliest gold mines in 

northwestern Ontario. It was discovered in 1870, and operated 

intermittently between 1882 and 1937, producing approximately 

29 629 oz of gold in the latest phase of raining from 1932 

through 1936 (Schneiders and Dutka 1985). The history of mine 

development and exploration is outlined by Watson (1929b), Harris 

(1970), and Schneiders and Dutka (1985).

The ore of the Huronian Mine was obtained from an 

auriferous, northeast-trending, sulphide- and telluride-bearing 

quartz vein cutting schistose, predominantly mafic metavolcanic 

rocks, locally accompanied by highly altered and mineralized 

feldspar porphyry. In the mine area itself, this vein system was 

known to extend laterally for 762.5 metres at the 375 foot (114 

m) level in the mine, and extend downward to at least the 1250 

foot (381 m) level, reportedly becoming richer in visible gold 

downward. On a broader scale, the mineralized system, consisting 

of several extensive, near-parallel veins, as well as fragments 

of altered porphyry, was known to continue for 7000 metres to the 

southwest, and was explored early in the mine's history in a 

series of 12 pits, referred to here as the McKellar pits. A much
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younger series of 8 trenches was excavated in the 1950 f s and 

1960 f s across yet another quartz vein and feldspar porphyry 

system about 2 kilometres southwest of the mine. These are 

referred to here as the Minoletti trenches, after the prospector 

who developed them. A third series of trenches, to the southeast 

of the latter, also date to relatively recent exploration. 

Several additional pits and trenches to the east and northeast of 

the mine are sited in locally silicified and pyritized iron 

formation and across carbonate -l- sericite H- chlorite schist 

zones. In summary, a significant auriferous vein system located 

within a three square kilometre area surrounding the Huronian 

Mine was indicated before this study by a series of quartz 

vein-hosted gold occurrences; locally auriferous, pyrite-bearing 

iron formation was also recognized.

Four kilometres to the east of the Huronian Mine area 

(Figure 2), a gold prospect on Snodgrass Lake has undergone 

intermittent exploration from 1937, when trenches were first 

excavated, to the present exploration program by Tandem Resources 

Ltd. and Storimin Exploration Ltd. (e.g., Northern Miner Press, 

1984, 1985, 1986). A small, sheared ancl fractured diorite body, 

itself cut by subordinate quartz syenite and feldspar-quartz 

porphyry, intrudes felsic me tavolcanic rocks at the occurrence. A 

mineralized horizon is exposed at the surface, and two others
*

were intersected by drilling (Holbrook 1964, Harris 1970).

Mineralization was reported to be associated mainly with

disseminated pyrite in sheared and unsheared diorite and
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metadacite, and rarely in veins (Harris 1970). Thus, the 

geological setting and style of the gold mineralization in this 

area is significantly different from that in the Huronian Mine 

area.

The aim of this part of the project was to map the area 

surrounding the Huronian Mine in as much detail as possible 

(Figure 24, back pocket), in order to clearly establish the 

setting of the mineralization, and to assess the roles of vein, 

porphyry, iron formation and other rocks in the area in 

controlling the mineralization. The relationships of the geology 

of the mine area with the geology to the east, including the 

Snodgrass Lake area, was investigated, although in less detail 

(Figure 25, back pocket). Mineralization in the Snodgrass Lake 

area was also the focus of the latter part of the study.

6.2 General Geology of the Huronian Mine - Snodgrass Lake Area

The Huronian Mine - Snodgrass Lake area (Figure 25) is 

occupied by two contrasting suites of older metavolcanic rocks, 

predominantly mafic to intermediate metavolcanic rocks, iron 

formation, and intermediate ashflow rocks in the west (Huronian 

Mine area), and predominantly felsic metavolcanic rocks in the 

east (Moss Lake - Snodgrass Lake area west of Snodgrass Lake). 

Metadiabase sills, emplaced mainly, if not solely, in the mafic 

metavolcanic terrane, are considered the oldest intrusions 

exposed. Metadiabase and both mafic and felsic metavolcanic rocks
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are cut by dykes and stocks of feldspar and feldspar-quartz 

porphyry, hornblende lamprophyre, and quartz syenite or latite, 

and larger bodies of hornblende gabbro to diorite. These 

intrusive rocks exhibit complex relationships with a relatively 

young association of hornblende- and plagioclase-phyric 

intermediate volcanic rocks and polymictic conglomerate exposed 

in the Huronian Mine area. The conglomerate contains fragments of 

the weakly deformed, mafic metavolcanic basement, hornblende- 

phyric flow rocks, and feldspar-quartz porphyry, and are cut by 

hornblende-phyric dykes identical in compositon and texture to 

the flow rocks. The latter are cut locally by feldspar-quartz 

porphyry.

Although some of the regional deformation of the mafic 

metavolcanic basement apparently preceded or coincided with the 

depositon of the conglomerate, the late volcanic rocks and 

conglomerate and the late intrusions are affected locally by 

ductile and ductile-brittle deformation which affects this 

basement. This deformation is very heterogeneous, partitioned 

mainly along narrow, very schistose, northeasterly striking high 

strain zones, which are closely spaced in the Huronian Mine area 

east of Snodgrass Lake, and more widely spaced south of Moss 

Lake. These zones are characterized by a strong lineation, which 

mainly plunges gently southwest. Carbonate 4- sericite schists are 

characteristic of segments of some of the zones. The deformation 

took place under upper middle greenschist facies conditions; the 

biotite isograd was attained locally in some of the rocks of
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suitable composition. The quartz syenitic Moss Lake stock, 

exposed north of Moss Lake, post-dates the effects of ductile 

deformation in host rocks along its western margin, and 

superimposed a contact metamorphic aureole upon the greenschist 

facies metamorphosed rocks, including those previously affected 

by the ferroan carbonate-sericite alteration associated with the 

high strain zones. Marginal apophyses along the southeast margin 

of the stock post-date the early, main stages of ductile 

deformation, but are imprinted by a C' fabric or crenulation 

representing the latest stages of regional shearing. A brittle 

fault characterized by a broad fractures zone, overprinting 

earlier carbonatized and sericitized schist zones passes 

southward through Snodgrass Lake, and also represents the latest 

deformation stage.

The narrow shear zones in the Huronian Mine area, and the 

intersection of brittle fracture zone and one of the northeast- 

trending carbonatized shear zones at Snodgrass Lake appear to 

exert the most significant influence on the localization of gold. 

Carbonate is anomalously abundant in both areas. Moderate to weak 

ferroan carbonate and calcite impregnation, patchy overprinting, 

and development of rhombic ferroan dolomite porphyroblast s are 

relatively widespread in variably deformed rocks in the Huronian 

Mine map area, with the most intense iron carbonate and sericite 

alteration occurring along the high strain zones which have sited 

auriferous veins. Both fracture and cavity fillings of calcite 

and anomalously auriferous pyrite are associated with brittle
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fracturing, faulting, and mineralization on Snodgrass Lake.

Several questions regarding stratigraphy and age relations 

arise from mapping:

(1) First, although a younging sequence from older mafic 

metavolcanic rocks, mainly pillow lavas and pillow breccia, 

through iron formation, to overlying pyroclastic rocks can be 

demonstrated in the field, whether or not there is a major hiatus 

either between the deposition of the pillow lavas and the iron 

formation, or between the iron formation and the pyroclastic 

rocks is uncertain.

(2) Secondly, the temporal relationship between the mafic- 

intermediate and felsic metavolcanic suites is also unknown.

(3) Thirdly, the possibility that some of the feldspar and 

feldspar-quartz porphyries are coeval with the felsic 

metavolcanic rocks, mainly feldspathic ignimbrite, is suggested 

by their indistinguishable mineralogies and compositions, and by 

the comparatively large dimensions of some of the intrusions in 

felsic metavolcanic hosts (Figure 25). However, at least some of 

the feldspar porphyries are assumed to be relatively young, 

because they cut hornblende-phyric flow rocks believed unrelated 

to the older terrane and related to the mineralogically and 

texturally similar hornblende-phyric lamprophyres, the latter 

relatively late in the intrusive sequence. There may be several
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alternative solutions to problems posed by the correlation of 

feldspar porphyries and field relations: (a) the feldspar 

porphyries are all young, and none is related to the felsic 

raetavolcanic rocks; (b) the felsic metavolcanic rocks'are 

relatively young, as are all of the feldspar porphyries; (c) 

there is more than one generation of feldspar porphyry; (d) the 

hornblende-phyric flows are not really younger than the mafic 

metavolcanic sequence despite their close resemblance to the 

hornblende-phyric lamprophyres, and the feldspar porphyries that 

cut them may be only slightly younger and equivalent to the 

felsic metavolcanic rocks; and so on. U/Pb zircon dating of the 

felsic metavolcanic rocks and feldspar porphyries in these two 

contrasting field situations may contribute toward the resolution 

of this problem.

6.3.1 Mafic to Intermediate Metavolcanic Rocks (Unit la)

The mafic to intermediate metavolcanic rocks (la) consist of 

massive and pillowed metabasalt with associated pillow breccia 

(Plate 6A), both of which which vary in colour from light to dark 

grey. They are either aphyric or porphyritic, with highly 

altered, acicular ferromagnesian phenocrysts (Plate 65), and, 

less commonly, stubby plagioclase phenocrysts. Some of the pillow 

lavas are also moderately to highly amygdaloidal or vesicular.
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Plate 64: 
Pillow breccia, Huronian Mine map area, Moss Township

Plate 65:

Acicular ferromagnesian phenocrysts in pillowed 
metabasalt with calcite-filled vesicles and fractures
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The amygdules or vesicles in some rocks are coarse, irregular, 

and either hollow or filled with iron carbonate, iron carbonate 

and calcite, or chlorite. In others they are smaller and ovoid, 

with fillings of fine grained quartz, carbonate, or chlorite with 

fine grained quartz rims. Because of the probability of tectonic 

juxtapositioning and omission related to the high strain zones, 

it is uncertain whether or not particular amygdaloidal flows 

could be used as marker horizons. In addition, these rocks range 

widely in composition (Tables 1-20, 1-21, Appendix I); however, 

petrography suggests that compositional contrasts may be partly 

caused by metasomatism.

An unusual concentration of massive magnetite in interpillow 

cusps was observed in pillowed metabasalt immediately north of 

the mine (Plate 66).

A rare pod of dacite with fine quartz phenocrysts

accompanies the metabasalts in one outcrop area northeast of the 

Huronian Mine.

Deformational effects in the pillow lavas are extremely 

inhomogeneous. Exposures outside the high strain zones in the 

northeastern half of the map area are weakly foliated to 

unfoliated and lack an obvious lineation. The degree and breadth 

of penetrative deformation is greater around the beaver ponds in 

the southwesternern half of the map area; towards the river 

valley northwest of these ponds, the pillowed rocks are 

characterized by locally intense fracturing, mainly in the 

massive pillow cores, alternating with schistose ductile
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Plate 66:
Massive interpillow magnetite 
in pillowed metabasalts 
northeast of the Huronian Mine. 
Looking north on a subvertical 
outcrop face.

Plate 67:

Sinistral shear zones sited along pillow margins, 
between which pillow masses are highly fractured. 
Central southwestern part of the Huronian Mine map 
area .
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deformation zones focussed along pillow margins and within pillow 

breccia lenses (Plate 67).

In thin section, the most prominent feature of the 

metabasaltic matrix is the interlocking network of plagioclase 

microlites. As with the metabasalts of the Highway 11 area, the 

mineralogy of the matrix depends on the degree of 

carbonatization, although most rocks contain at least minor 

patchy carbonate. In the least carbonatized rocks, abundant 

chlorite and/or biotite and sparse quartz are interstitial to 

plagioclase, and coarse to fine grained epidote overprints all 

minerals, even the matrix carbonate. Accessory iron-1 itanium 

oxide is locally abundant. In the roost carbonatized rocks (e.g. 

characteristic of the Huronian Mine area and locally to the 

northeast and southwest), matrix carbonate, in places associated 

with minor sericite, is abundant, chlorite is sparse, and epidote 

minerals are absent. Fine clusters of deep yellow rutile occur 

instead of the opaque oxides. Coarse, rough-edged, rhombic 

porphyroblasts and cavity fillings of ferroan dolomite occur in 

addition to the matrix carbonate, and locally weather red brown 

along cleavages.

The altered ferromagnesian phenocrysts, where present or 

preserved, are completely replaced by chlorite, which in many 

biot ite-bearing rocks is overprinted with coarse biotite flakes. 

Other overprints consist of carbonate, in carbonate-rich rocks, 

which itself is locally overprinted by coarse epidote.

The colour of the pillow lavas depends to a great extent on
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the type and degree of alteration and metamorphism. A white to 

buff coloured weathering rind, reflecting carbonate and biotite 

and/or sericite alteration, is noticeable in outcrops near the 

mine shafts and townsite, and for over 700 m to the northeast 

of the mine dump. In the southeastern part of the map area, 

outcrops of metabasaltic pillow lava and pillow breccia are 

typically bleached, the colouration in many places reflecting an 

alteration assemblage rich in fine to coarse grained epidote, 

calcite, and sericite.

6.3.2 Iron Formation (Units Ib, le)

The iron formation in the Huronian Mine area is of two 

types, massive to banded magnetite-chert iron formation (unit Ib) 

and fragmental iron formation (unit le) containing clasts of the 

iron formation and the adjacent mafic metavolcanic rock. These 

two types are apparently gradational on the scale of mapping; 

however, the true nature of the transition remains unknown. The 

fragmented unit (unit le) passes abruptly into a coarse mafic 

metavolcanic breccia (unit Id) with rare fragments of iron 

formation; because of the locally high content of mafic volcanic 

fragments in the former, the transition appears gradational in 

places.

The banded iron formation (unit Ib) consists of alternating 

layers of contrasting magnetite content, ranging from pure, 

siliceous chert through 'lean' iron formation, to magnetite-rich
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iron formation. In many places, the banding is rhythmic on a 

centimetric scale. A few exposures of this unit consist of 

massive, iron-poor chert. In thin section, the banded iron 

formation consists of a polygonal intergrowth of fine grained 

quartz, with variable proportions of chlorite along quartz-quartz 

grain boundaries, all overprinted with fine magnetite.

The fragmental iron formation (unit le) contains a wide 

variety of types, sizes, and proportions of clasts in a 

carbonate-enriched clastic matrix. Clasts include chert, 

magnetite-rich iron formation, and greenstone (Plates 68, 69). 

Clasts vary from granule to boulder size, the larger fragments 

generally consisting of greenstone. The greenstone fragments are 

commonly highly vesicular or amygdaloidal, and many resemble 

pillow breccia' or complete pillows, possibly signifying a 

relatively high proportion of amygdaloidal, pillowed metabasalts 

immediately below the metabasalt - iron formation contact. The 

matrix is characterized in places by small, angular fragments of 

greenstone, chert and magnetite-rich iron formation in a fine 

grained, recrystallized matrix of finely polygonal quartz and 

minor chlorite, all overprinted by patches and stringers of 

carbonate. The carbonate in both patches and stringers is mainly 

ferroan dolomite (determined by staining), but calcite also 

occurs in some of the patches. Carbonate stringers commonly 

traverse fragments of greenstone and chert and adjacent matrix, 

and are locally buckled across the foliation. Carbonate patches 

also appear to constitute over 65 % of some chloritic fragments,
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Plate 68:
Fragmental rock (Unit le), with fragments of magnetite- 

poor and magnetite-rich, cherty, iron formation and 
vesicular metavolcanic rock, all deformed and cut 
counterclockwise to the foliation by ribbon quartz vein. 
Huronian Mine townsite.

Plate 69:

Fragmental rock with greenstone fragments in an 
magnetite-rich clastic matrix. Huronian Mine townsite
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which may have originated as pumice.-The matrix is locally 

enriched in fine grained, massive magnetite (Plate 69).

Much of the iron formation is exposed in areas affected by 

numerous, closely spaced, high strain zones, and define 

fragmented fold hinges between these zones in the southwestern to 

central part of the map area. Boudinage or complete fragmentation 

of competent, magnetite-poor iron formation occurs in some places 

(Plate 70), and local folding of narrow, fragmented, chert bands 

may impart a falsely fragmental appearance (Plate 71). In other 

rocks, the magnetite-rich portion of the iron formation has 

developed extension fractures, which are either flooded with fine 

grained quartz or depleted in magnetite in some places, and 

veined with more translucent, mil-ky quartz in others. In other 

more magnetite-rich banded iron formation exposures, 

magnetite-rich bands are boudinaged among more chloritic lenses 

or layers.

The iron formation is partly pyritic where it is highly 

schistose, within or next to one of the high strain zones which 

host sulphide-bearing quartz veins. In many such outcrops, bands 

of chert are difficult to distinguish from highly deformed and 

recrystallized vein quartz. Pyrite occurs either as disseminated 

euhedral cubes, or as concentrations along very small scale 

fractures. These exposures of sheared iron formation are 

generally rusty because of the surface weathering of the pyrite. 

However, brecciation and infiltration of the hinge of a folded 

layer of magnetitic iron formation with iron carbonate has
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Plate 70:

Boudinage of a band of lean iron formation, internally 
cut by quartz-filled extension gash.

Pla-te 71:

Chert beds, fragmented in response to buckling and 
creating a 'false fragmental' rock. Iron formation 
trenches northeast of the Huronian Mine.
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resulted in the rusty weathering of non-pyritic iron formation in 

the townsite southeast of the mine.

A rare band or lens of finer grained fragmental rock, 

characterized by quartz eyes, is juxtaposed against the iron 

formation between the road to the mine and the townsite. The 

quartz eyes are composed of only partly fragmented volcanic 

quartz, and the ghosts of coarse ash- to lapilli-sized fragments 

of chert and iron formation are visible in thin section.

6.3.3 Mafic Volcanic Breccia (Unit Id)

Mafic breccia composed predominantly of cobble- to boulder- 

sized clasts of metabasalt is particularly well exposed around 

Fisher Lake and along the western contact of the Moss Lake stock 

to the north. The breccia continues to the south and southeast, 

where the clasts gradually fine to cobble- and pebble-size, and 

become intermixed with clasts of pumice and rare dacite, which 

marks the transition into map unit le, an intermediate ashflow 

tuff. Infolded and/or sliced up, highly strained erosional 

remnants of the mafic breccia are exposed between the Huronian 

Mine and the Beaver Ponds. The breccia also grades into ashflow 

along the western side of the map area.

The large clasts in exposures around Fisher Lake are 

completely unstrained, and are subangular to subrounded (Plate 

72). Many of the fragments contain the altered ferromagnesian 

phenocrysts, and/or are highly amygdular. Others are aphyric. The
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PLate 72:
Mafic pyroclastic breccia with angular clasts of 
amygdaloidal metabasalt. Fisher Lake.

Plate 73:
Intermediate ashflow tuff with light 

fragments. Huronian Mine map area.
coloured pumice
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proportion of chloritic, recrystallized matrix is minimal, and 

the matrix is generally overprinted by much more patchy 

iron-bearing carbonate than the large fragments. The matrix may 

also be sericitized in locally deformed rocks, the sericite 

defining the foliation. The matrix commonly contains granule- 

size, angular clasts of basalt, chert, and magnetitic iron 

formation. In a few places, the fine grained matrix itself is 

rich in very fine grained magnetite, accompanied by segregations 

of chlorite and ferroan carbonate, all enclosing pale weathering, 

highly altered, metabasalt fragments. In the latter rock, the 

matrix and. chloritized phenocrysts of the larger metabasaltic 

fragments are overprinted by scattered magnetite euhedra.

The intensity of deformation increases north of Fisher Lake, 

and most exposures show moderate to severe flattening. Finely 

handed (recrystallized) mylonitic rocks occur locally, and are 

probably the contact metamorphosed equivalents of the closely 

spaced, high strain zones near the Huronian Mine. The effects of 

post-kinematic contact metamorphic recrystallizion is observed up 

to 500 metres from the irregular surface trace of the gradational 

contact of the Moss Lake stock, resulting in distinctive, dark 

green, actinolite-rich segregations interlayered with, or 

surrounding, buff-brown, biotite-rich bands or lenses. The 

ac tinolite-rich zones are thought to represent originally 

carbonate-rich matrix to raetabasalt fragments (or even pillows) 

and the degree of layering to directly reflect the intensity of 

deformation prior to intrusion (see Section 6.3.10).
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6.3.4 Intermediate Ashflow Tuff (Unit le)

Finer grained, pervasively foliated, volcaniclastic rock of 

overall intermediate composition is in gradational contact with 

the mafic volcanic breccia. These rocks are characterized by 

buff-white weathering, flat, angular clasts of pumice and rarer, 

subrounded clasts of rhyodacite, in addition to abundant clasts 

of metabasalt (Plate 73). Small fragments of iron formation are 

present in some areas. The clasts range from large cobble to 

pebble and granule size, and a crude grading on the scale of 

several metres can be observed in a few large outcrops.

The flat pumice clasts are typically affected by blind 

extension fractures at moderate to high angles to the foliation, 

and the fracture traces among pumice clasts indicate conflicting 

'senses of shear 1 even in a single exposure, contrary to the 

kinematic indicators of the high strain zones. Because of this, 

and also because these fractured pumice clasts and the overall 

foliation defined by gravity-compacted pumice and shards is 

typical of even undeformed ashflows, the foliation is thought 

to be at least partly primary. This is important to recognize 

when attempting to map out strain gradients which might delineate 

important shear or high strain zones in areas occupied by these 

and other rock types.
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6.3.5 Metadiabase (Unit 2)

Metadiabase is exposed as sharply bounded bodies, or 

fragmented bodies, with a tendency to form topographically high 

ridges or elevated plateaus. The metadiabase is relatively 

massive, medium to very fine grained, and lacks layering. The 

medium grained metadiabases locally display pegmatitic pods 

between 5 and 15 cm in diameter.

The metadiabases are relatively resistant to penetrative 

deformation, and the interiors of the most extensive bodies are 

affected only by widely spaced joints. Bodies of metadiabase 

caught up in the series of northeast-striking, high strain zones 

(Figure 24) are penetratively foliated near some of the 

northeast-striking contacts, and conjugate sets of narrow 

secondary shear zones (Section 6.3.11: Plate 79), or shear 

fracture zones, are developed between the most highly foliated 

rocks adjacent to contacts and the unfoliated core zones. Other 

contacts are abrupt and undeformed, probably normal intrusive 

contacts. Several metadiabase masses form narrow, northeast- 

trending, penetratively foliated strips along the core of the 

most highly deformed zone from the Huronian Mine through the 

Beaver Ponds area. These strips have been converted to chlorite 

schists in which the phaneritic texture is just discernable.

In thin section, the metadiabases are characterized by a 

doleritic texture defined by interlocking plagioclase laths in 

subequal proportion to subophitic, metamorphosed ferromagnesian

251



minerals with up to 5 Z interstitial quartz and abundant skeletal 

iron-titanium oxides as minor constituents. Granophyre occurs 

locally instead of interstitial quartz in some of the medium 

grained metadiabases. One texturally anomalous variety of 

metadiabase immediately north of the Beaver Pond trenches 

contains about 65 7* stubby prisms of blue-green amphibole with 

interstitial plagioclase and quartz.

As in the metabasalts, the metamorphic alteration and 

geochemistry (Table 1-22, Appendix I) vary according to the 

whether or not the rocks are carbonatized. In the regionally 

metamorphosed, noncarbonatized metadiabases, most of the 

plagioclase is occluded with very fine grained epidote minerals, 

which may also form coarse prisms, and the ferromagnesian laths 

are altered to actinolite or blue-green hornblende; in some 

places, trace amounts of green biotite occur with the amphibole. 

The opaques have formed skeletal magnet ite-iImenite in which the 

ilmenite has a fuzzy coating of leucoxene. In partially 

carbonatized metadiabases, only observed and collected from a 

ridge to the southeast of the Minoletti trenches, chlorite occurs 

instead of amphibole, and the plagioclase is partly replaced by 

fine grained sericite and carbonate; sericite bundles anastomose 

along grain boundaries and along fractures. Sericite defines a 

weak foliation both inside and outside the plagioclase grains. 

Clusters of brown-gold rutile occur instead of the skeletal iron 

oxide grains of noncarbonatized rocks. In some places, the 

coarsest patches of carbonate are overprinted by clear, prismatic
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epidote.

6.3.6 Felsic Metavolcanic Rocks (Unit 3)

The felsic metavolcanic rocks of the Huronian Mine area 

consist predominantly of rhyodacite (unit 3b) and rhyodacite 

breccia (unit 3c). The rhyodacite (unit 3b) is white-weathering, 

and contains quartz phenocrysts of variable size. The breccia 

(unit 3c) is of two types, one consisting solely of pale green to 

white, angular fragments, a few centimetres to decimetres in 

size, in a darker, more chloritic matrix. The other is composed 

of large fragments of quartz-phyric rhyodacite, silicified rock, 

and feldspar-phyric and amygdaloidal metabasalt in a matrix of 

lapilli-size fragments of similar derivation.

These felsic rocks are not penetratively deformed in most 

places where they are exposed. However, they are highly deformed 

where traversed by several shear zones at the southwestern end of 

the map area, and their protoliths are uncertain.

6.3.7 Feldspar Porphyry (Unit 5)

Feldspar porphyry intrusions in this area range from dacitic 

(unit 5a) to dioritic (unit 5b) in composition (Table 1-24, 

Appendix I). The dacitic porphyries contain both plagioclase and 

bipyramidal quartz phenocrysts in a relatively leucocratic 

matrix. In contrast, the more mafic porphyries contain only
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plagioclase phenocrysts in a dioritic matrix. Both types of 

porphyry contain pseudomorphs of hornblende and biotite 

phenocrysts.

Like other rocks in the area, the porphyries have been 

metamorphosed and affected by varying degrees of sericite- and 

carbonate-producing alteration. The alteration state is crudely 

reflected by the variable C02 geochemical values (Table 1-24, 

Appendix I ) .

In the Huronian Mine area, most of the feldspar porphyries 

sampled are moderately to strongly altered. Locally 

glomeroporphyritic plagioclase phenocrysts (now albite) are 

overprinted by sericite and fine to coarse grained carbonate; 

concentrations of sericite wrap around plagioclase augen in the 

most highly foliated rocks. Chequered albite rims plagioclase 

phenocrysts locally in the Minoletti trenches. Hornblende prisms 

and biotite books are completely replaced by chlorite aggregates, 

in most rocks associated with abundant apatite, and either 

occluded sphene and epidote-rimmed allanite or rutile clusters. 

In only moderately carbonatized rocks, secondary carbonate occurs 

as patches. In the most highly carbonatized porphyries, the 

carbonate occurs mainly as tiny rhombs with limonitic cleavages; 

the same rocks contain rutile clusters instead of sphene, and the 

proportion of chlorite is relatively low. Apatite is an abundant 

accessory mineral, and coarse zircon was noted in several 

sections. Minor, euhedral pyrite is present in most porphyries, 

commonly oxidized along grain boundaries and fractures.
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The feldspar porphyry at the northeastern end of the map 

area (Figure 24) contains plagioclase phenocrysts in a hornblende 

dioritic matrix. The plagioclase is pervasively altered to mats 

of very fine grained muscovite and minor carbonate. Hornblende is 

replaced pseudomorphously by biotite, chlorite, and magnetite, 

the latter also overlapping the matrix. Apatite and secondary 

sericite are abundant in the matrix. Although a strong fabric can 

be seen macroscopically in the alignment of mafic lenses, the 

foliation is not defined by individual micaceous grains. This 

rock may have been altered before being recrystallized to higher 

metamorphic grade after deformation under the influence of the 

Moss Lake stock, as in the case of the host metavolcanic rocks

(Section 6.3.10).

*

6.3.8 Hornblende-phyric Mafic Metavolcanic Flows, Dykes, 

and Stocks (Unit 6)

Exposures of mafic metavolcanic rock (unit 6a) and

lamprophyre dykes (unit 6b) and stocks (unit 6c) characterized by 

hornblende phenocrysts are numerous in the Huronian Mine area. 

Several geochemical analyses of the mafic metavolcanic rocks are 

presented in Appendix I (Table 1-25).

The hornblende-phyric metavolcanic rocks are exposed most 

extensively in the vicinity of the Minoletti trenches, where they 

are accompanied by minor lenses of fine grained latite, and 

immediately southwest of the Huronian Mine shafts. They vary from
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massive, locally vesicular flows to fragmental rocks. The 

fragmental rocks in many places resemble coarse, ferromagnesian 

crystal tuffs, and locally contain sparse lapilli to bombs of 

similar composition as the matrix (Plate 74). The hornblende 

phenocrysts vary in size from under a millimetre in fine grained 

rocks to over a centimetre in coarse grained rocks, and are green 

in colour due to greenschist facies metamorphism. Clinopyroxene 

phenocrysts also occur in some rocks. Crosscutting contacts 

between fine grained extrusive rocks and more coarsely 

porphyritic intrusive pods are exposed locally in the Minoletti 

trenches, where an unconformity between the hornblende phyric 

mafic metavolcanic rocks and the overlying polymictic 

conglomerate (unit 7) is also exposed.

The mafic metavolcanic rocks are strongly foliated in 

places, the foliation and a weak to moderate lineation being 

defined by the chlorite and biotite aggregates which replace the 

ferromagnesian crystals.

In thin section, the brown hornblende phenocrysts of 

noncarbonatized rocks are partly to totally replaced by either 

amphibole or chlorite that is overprin'ted by biotite and rare 

epidote. Clinopyroxene is uralitized. The matrix consists of 

epidote, actinolite, chlorite, albite, and quartz, with abundant 

accessory sphene-rimmed opaques and sparse pyrite, A relict 

basaltic texture consisting of radiating, unaltered plagioclase 

microlites is discernable in some rocks, which may also contain 

larger but submillimet ric , saussuri tized , plagioclase
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Plate 74:
Hornblende phenocryst-rich mafic metavolcanic rock, 
locally containing fragments of the same source. 
Minoletti trenches. Dark patch in the centre of the 
photograph reflects dampness rather than a fragment.

Plate 75:
Unsorted, clast-supported conglomerate with fragments 

of feldspar porphyry (light), hornblende-phyric 
metavolcanic rock, and the older metabasalt shown in 
right foreground. Hornblende-phyric dyke with chilled 
margin cuts conglomerate in left background.
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raicrophenocryst s. In highly carbonatized rocks, the 

ferromagnesian grains consist solely of chlorite, and the matrix 

consists of profuse carbonate, quartz, albite, and rutile, all 

defining the tectonic fabric. Sparse, euhedral pyrite overprints 

the fabric.

The hornblende-phyric lamprophyre dykes are locally 

vesicular. Euhedral hornblende grains are commonly shiny black, 

and unaltered to partly altered. In thin section, they show 

strong zoning, with brown cores and alternating brown and pale 

green rims. Amphibole in the matrix is green and strongly 

pleochroic. The stocks are also fresh looking, and zoned 

hornblende phenocrysts are evident in hand specimen.

The small lenses or pods of latite which accompany the mafic 

metavolcanic rocks in the Minoletti trenches weather pink and 

are very fine grained in outcrop. In places, they contain 

black, hematitic or magnetitic seams. In thin section, these 

rocks are characterized by a felted plagioclase intergrowth, 

overprinted by patchy carbonate and sericite with abundant 

accessory magnetite. Some pods contain sericitized albite 

phenocrysts several millimetres in diameter.

6.3.9 Conglomerate (Unit 7)

The conglomerate is polymictic and predominantly clast-

supported (Plate 75). Possibly because of its limited exposure

and the small size of outcrops, no sedimentary structures have
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been observed to date. The clasts are angular to subrounded, and 

are derived from three main sources (Plates 75, 76): mafic 

metavolcanic rock, mainly local pillowed metabasalt (unit la); 

hornblende phyric mafic metavolcanic rock (unit 6a); and feldspar 

porphyry (unit 5). Tiny chips of pink latite also occur in some 

rocks. Variably bleached fragments of mafic metavolcanic rock 

(unit la) are marked with numerous epidote-filled hairline 

extension fractures, and are bounded by fractures which strongly 

resemble those (Section 6.3.1, Plates 77, 78) developed in 

brittly deformed pillows traversed by interpillow shear zones 

(Section 6.3.1, Plate 67) displayed in outcrops nearby. This 

suggests that the conglomerate was deposited unconformahly on the 

older metavolcanic unit after at least some deformation had taken 

place.

An unconformable relationship of conglomerate on hornblende- 

phyric metavolcanic rocks and feldspar porphyry is also 

indicated. However, a vesicular, hornblende-phyric dyke or. blob 

is chilled against the conglomerate (Plate 75) a hundred metres 

northeast of the Minoletti trenches, where feldspar porphyry cuts 

hornblende-phyric flows. Contemporaneity among units 5 through 7 

in this locality is, therefore, suggested.

The conglomerate is locally deformed within the high strain 

zones that also affect the other units. The fragments in the 

conglomerate are metamorphosed to greenschist facies assemblages 

typical of the surrounding terrane, as is the matrix, which 

locally contains biotite, chlorite, epidote, albite, quartz and
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Plate 76:
Clasts of hornblende-phyric metavolcanlc rock and 

variable altered metabasalt in conglomerate.

Plate 77:
Closeup of cut surface of polymictic 
showing the fracture-bound metabasalt 
which display the epidositic hairline 
preceded disaggregation.
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Plate 78:
Closeups of fractures in pillowed metabasalt between 

sheared pillow margins in southwest central part of 
Huronian Mine map area in vicinity of conglomerate. 78a 
Typical appearance of weathered surface. 78b: Cut 
surface showing fresh surfaces of the fracture-bound 
metabasalt domains with variable epidositic 
alteration.
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6.3.10 Moss Lake Stock (Unit 8)

6.3.10.1 General Description and Field Relations

The Moss Lake stock is a composite, leucogranitoid intrusion 

which spans the northern part of Moss Lake (Figure 25). Its 

western contact with tectonically layered, raetamorphically 

reconstituted mafic metavolcanic rock is a highly irregular and 

gradational intrusion zone, with apophyses of leucosyenite in 

metamorphic host rock and rafts of the metamorphic host enclosed 

in leucosyenite. Around the western and southern margins of the 

stock, straight-sided quartz leucosyenite dykes truncate the 

tectonic layering of the host rocks at high angles as extension 

fracture fillings. The tectonic layering is defined by highly 

variable degrees of flattening of angular and ovoid, brown or 

buff grey weathering, mafic metavolcanic fragments in the dark 

green matrix described below; this fabric intensifies 

gradationally into highly laminated 'gneiss' zones, which, except 

for the lack of planolinear orientation of the many prismatic 

mafic grains due to granoblastic recrystallization (below), 

resemble the schistose higji strain zones closer to the Huronian 

Mine.

The leucosyenite dykes are exposed up to 500 m west of the 

contact as marked on the map (Figure 24). Throughout this 500 m
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zone, segregations of profuse, very dark green amphibole and 

locally abundant, fine grained biotite are present in the mafic 

metavolcanic rocks, and red-brown garnets appear in impure iron 

formation; this is interpreted as part of a contact metamorphic 

aureole, the surface width of which suggests that the western 

margin of Moss Lake stock dips gently westward in this area. 

Contact metamorphism of the felsic metavolcanic rocks along the 

southern margin of the intrusion results in patchy pink 

weathering, probably reflecting feldspathization, and the loss of 

platy schistosity, due to thermal recrystallization and 

disorientation of originally aligned platy minerals.

The main body of the Moss Lake stock is undeformed, although 

previously foliated granitoid xenoliths, some of which may be 

cognate, occur in the centre of the stock. The leucosyenite dykes 

along the western and southwestern sides of the stock are 

undeformed as far northwest as the prominent, northeast-trending 

lineament near the western limit of the contact zone; near the 

latter, one of the dykes is crisscrossed by minor, fluorite- 

infiltrated fractures. In contrast, dykes and apophyses of 

leucosyenite along the southeastern and eastern sides of the 

stock are affected by the latest stages of ductile deformation 

(Section 6.4.7).

6.3.1CT.2 Petrography of Moss Lake Granitoid Stock

The southwestern portion of the Moss Lake stock consists of
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alkali feldspar leucogranite to quartz leucosyenite throughout 

the southwest portion of the body, where it is cut internally by 

rare, sanidine-quar tz porphyry dykes. Marginal dykes and 

apophyses consist of sanidine-phyric microsyenite or 

microgranite. In the east, quartz leucosyenite cuts more mafic 

syenite. Relatively mafic, foliated granitoid rafts are exposed 

in the core of the intrusion.

The alkali feldspar leucogranite, the most common phase of 

the pluton, consists predominantly of a medium to fine grained, 

allotriomorphic, inequigranular intergrowth of albite, 

microcline, quartz (between 5 and 20 %), aegirine-augite, 

blue-green hornblende, and rare biotite. This mesostasis 

generally surrounds larger, corroded laths of antiperthite, 

lightly sericitized oligoclase with either chequered albite or 

microcline perthite rims, and/or multiply-zoned perthite. 

Accessory minerals include apatite (abundant), sphene (abundant), 

zoned allan ite-epidote (abundant), fluorite, z ircon, monazite, 

and magnetite. Stilpnomelane lines late fractures.

In contrast, a relatively mafic syenite sample from the 

eastern si'de of the intrusion includes at least 60 % Carlsbad- 

twinned perthite laths up to l centimetre long, with tiny 

plagioclase inclusions and clear microcline rims, and at least 10 

percent aegirine-augite and blue-green amphibole. Apatite, 

sphene, and magnetite are abundant accessory minerals in the 

matrix of plagioclase, quartz, and microcline.
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6.3.10.3 Petrography of Mafic Host Rocks, Western Contact 

Aureole

The foliated mafic rocks of the contact aureole can most 

simply he described in terms of mafic and felsic domains of 

contrasting mineralogy, which occur on scales of about a half a 

metre to under a millimetre. These segregations are generally 

granoblastic in texture, with very weak, planar dimensional 

preferred orientation to many mineral grains, but little 

crystallographic preferred orientation. The most felsic domains 

consist of granoblastic intergrowths of quartz and microcline 

with minor blue green amphibole, salite (clinopyroxene), epidote, 

and local tourmaline. These commonly grade into more mafic 

domains. Mafic domains which are brown in hand sample, consist of 

a granoblastic intergrowth of fine, brown biotite and quartz with 

subordinate epidote, blue-green amphibole, and sphene. Those that 

appear green to dark green grade from intergrowths of deeply 

pleochroic, blue-green amphibole, epidote, salite, sphene, and 

opaques to intergrowths of amphibole, biotite, epidote and sphene 

with sparse, spongy salite. Sphene in the mafic layers forms 

spectacular prisms, whereas the sphene in the leucocratic or 

biotitic layers occurs as flat, torpedo-shaped, polycrystalline 

aggregates, suggesting single grains which have deformed 

plastically and then annealed.

Toward the contact with fragmental iron formation near the 

southwestern extremity of the aureole, clots of finely to

265



coarsely crystalline magnetite are common in mafic breccia also 

characterized by segregations of highly pleochroic, blue-green 

amphibole.

6.3.11 Structural Development

6.3.11.1 General Structural Imprint

The predominant structural imprint on the Huronian Mine area 

(Figure 24) is associated with numerous, steeply dipping, 

northeast-striking, high strain zones, which are reflected in 

closely spaced topographic lineaments. One of these is the 

lineament marking a fault/shear zone contact between metadiabase 

and me tavolcanic rocks in the hanging w.all of the Huronian Mine 

auriferous vein/shear zone/frae ture system. The high strain zones 

are generally occupied by highly schistose rocks (Schistose 

zones: Section 6.3.11.2), although narrow, ribbon quartz veins 

and fractures are equally or more prominent in other high strain 

zones ('Mobile zones': Section 6.3.11.3) within and to the 

northwest of the area around the Huronian Mine. Several of the 

schistose, high strain zones site the massive, sulphide-bearing 

quartz veins that characterize the auriferous mineralization in 

the area.

The high strain zones anastomose somewhat, most likely due 

to variations in mechanical properties of the rocks they 

traverse. They were originally inclined to stratigaphic and
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intrusive contacts. This is illustrated best by the map pattern 

of the iron formation, which, while broadly disposed clockwise to 

the high strain zones, is now exposed as series of dissected 

bands transposed into the high strain zones, and as fold hinges 

pinched out between them. Feldspar porphyry bodies are also 

clearly dissected and strung out by the high strain zones, as 

observed in the McKellar trenches and in the Minoletti 

trench area (Figure 27),

The northeasterly trending high strain zones are locally 

offset very slightly (dextrally) by more easterly trending high 

strain zones, at least one (in the west) of which is of the 

f mobile zone 1 type. Aerial photographs show lineaments in the 

latter orientation, slightly offsetting the northeasterly 

trending lineaments, to be increasingly . numerous in the northern 

part of the map area. There, the two shear zone/shear fracture 

sets may be conjugate, which may have resulted from the influence 

of southeast-directed compression and northwest-southeast 

shortening associated with late-stage development of the north 

part of the greenstone belt.

6.3.11.2 Schistose Zones

The schistose high strain zones are zones of strong 

foliation and lineation which vary from a fraction of a metre to 

several metres in width. The foliation weakens gradationally 

outward from the zone, and the lineation disappears. Rocks
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between the h'igh strain zones may show little or no foliation 

(e.g., northeast of the Huronian Mine) or may be weakly to 

moderately foliated, the degree of foliation depending directly 

on the spacing between the zones and inversely as the competence 

of the rocks. Foliations are most penetrative and intense through 

the area surrounding the two Beaver Ponds at the southwestern end 

of the map area.

The tectonic fabrics are defined by the orientations of 

platy and acicular minerals, and by patches of carbonate and 

mineral aggregates replacing partially deformed primary grains. 

Chlorite and muscovite are the most common minerals defining the 

foliation and lineation; chlorite or chlorite and biotite 

aggregates which replace ferromagnesian phenocrysts of the 

volcanic rocks also commonly define planolinear fabrics. In the 

massive, hornblende-phyric metavolcanic rocks (unit 6a), 

hornblende phenocrysts not substantially replaced by chlorite- 

biotite aggregates are commonly pulled apart parallel to the 

lineation, the pull-aparts filled with calcite (confirmed by 

ele'ctron microprobe analysis) and either biotite or biotite and 

chlorite. Phenocrysts of feldspar and quartz form augen in 

strongly deformed feldspar porphyries, as do amygdules in the 

mafic metavolcanic rocks.

The geometry of these tectonic fabrics relative to the high 

strain zones is relatively consistent throughout the area. 

Moderately to steeply dipping, northeasterly striking foliations 

rotate counterclockwise and steepen into the centres of the high
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strain zones, as seen on small scale in the raetadiabase outcrop 

shown in Plate 79. Gently southwest-plunging lineations are very 

well developed and virtually parallel within these zones (Plate 

80). Most of the auriferous quartz veins, a few centimetres to 

over a metre wide and up to 100 m long, follow the cores of 

several individual zones. Both the foliated shear zone wall and 

the vein are crosscut by late stage, vuggy quartz- or calcite- 

filled extension gashes, which are subperpendicular to the 

lineation. The geometry of the shear zone and vein systems is 

illustrated in Figure 26, Plates 81 and 82, and Section 6.3.13.2: 

Figures 27-29. The geometry of the foliations, lineations, and 

main shear planes, as well as the shear plane-parallel veins, is 

consistent with simple shear with dominant sinistral and 

subordinate southeast-side-up components of displacement. This 

displacement sense is supported in the Minolettl trenched outcrop 

by the displacement of a small feldspar porphyry dyke just 

southwest of trench M-3 (Figure 27).

The maximum angle between the foliation traces and shear 

zone traces in the horizontal plane is very low ^ 15 0 ) compared 

to the analogous ' angle in the vertical plane. These low angles, 

in combination with the late stage, high angle, quartz-filled 

extension gashes (above), suggest that subhorizontal extension 

was significant late in the structural development.

In the other variety of high strain zone (MZ on the map) a 

sinistral displacement sense in some zones and/or a dextral 

displacement sense in others is suggested by the geometry of
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Plate 79:
Small scale secondary shear zones formed in metadiabase 

bodies between the highly schistose contact zone and the 
less deformed interior. Beaver ponds area, Huronian Mine
map area.

Plate 80:
Gently southwest-plunging mineral and mineral aggregate 
lineations in shear plane foliations in the core of one 
of the shear zones of the Beaver Pond trenches. Looking 
southeast.
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Figure 26: Relationships of tectonic fabric elements and 
auriferous quartz vein with breccia inclusions 
as exposed in a pit excavated in the Mckellar 
zone (K-10), Huronian Mine area.
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Plate 81 :
The southwest vertical wall of a trenched vein - shear 

system In the Minoletti zone showing the auriferous 
quartz vein dipping more steeply than the northwest- 
dipping foliations of the walls.

Plate 82:
Flat outcrop of auriferous quartz-carbonate vein of the 

Beaver zone showing schistosity swinging
counterclockwise into vein wall at a very low angle, and 
the quartz-filled extension gashes confined to the 
deformed ve in .
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deformed quartz ribbon veins and small scale displacements as 

described below (Section 6.3.11.3).

6.3.11.3 'Mobile Zones 1 (MZ), or Zones Showing Obvious 

Brittle Displacement

Northeasterly to locally more easterly trending zones of 

fragmented appearance are exposed commonly in the western part of 

the area and locally in the Huronian Mine townsite. These zones 

are moderately foliated, the foliation defined by aligned 

fragments, and are characterized especially by quartz ribbons 

which are fragmented, the fragments offset and transposed 

along the foliation (Plate 83). Thus, the combination of brittle 

and ductile deformation effects contribute to the both clastic 

and foliated appearance of the 'mobile zones'.

As stated above, mobile zone outcrops show a dichotomy of 

shear senses. One of the mobile zone exposures near the western 

edge of the area displays fragments of ribbon vein strung out in 

the foliation with a geometry which inconclusively suggests 

sinistral displacement; yet relatively undeformed, en echelon 

veins several metres long and at a moderate clockwise angle to 

the foliation, as well as minor, foliation-parallel dextral fault 

offsets in a short, quartz-filled extension gash across a faulted 

metavolcanic clast, suggest minor late dextral shear. On the 

Huronian Mine townsite, weakly deformed ribbon veins in an 

outcrop of fragmental iron formation (unit le) strike acutely
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Plate 83:
"Mobile Zone" outcrop in the Huronian Mine townsite, 

showing fragmented and deformed ribbon veins which are 
sinistrally offset and transposed into the foliation 
plane. In contrast to the strong scistosity of the 
main ductile shear zones, the "mobile Zone" hosts 
to the brittly deformed ribbon veins shows an only 
moderate foliation.
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counterclockwise at low to moderate angles to the foliation 

(Plate 68). Identical ribbon veinlets in a nearby 

'mobile zone 1 outcrop, to the west of the latter outcrops, 

suggest the same sinistral shear sense, locally showing short, 

still counterclockwise vein segments preserved in the pressure 

shadow of a large fragment; the terminations of the veinlets are 

in the process of being internally rotated and faulted by 

sinistral displacement in the 'mobile zone' (Plate 83). Plate 83 

illustrates the characteristic internal deformation style of the 

fragmented quartz veinlets; both sympathetic and antithetic 

conjugate shear fractures which have enabled the remnants to 

accommodate transposition in the high strain zone.

6.3.12 Summary of Metamorphic (Including Alteration) Effects 

in the Huronian Mine Area

Metamorphic effects in the Huronian Mine area can be 

subdivided into: (1) effects of regional metamorphism, i.e., the 

ambient geothermal gradient at peak metamorphic temperatures 

and/or pressures; (2) metamorphism, including metasomatism, under 

regionally anomalous conditions of deformation and fluid 

circulation associated with high strain zones; and (3) contact 

metamorphism associated with the Moss Lake stock. Their timing 

relative to other geological phenomenon in this area is 

summarized in Table 4 as accurately as possible from the present 

data .
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The regional metamorphic peak is near the transition from 

middle to upper greenschist facies. It is marked by the 

appearance of biotite locally in both metavolcanic and 

conglomerate matrices and as replacements and pull-apart fillings 

of ferromagnesian phenocrysts. Sericite and chlorite may be 

present elsewhere in the same rocks, and carbonate may or may 

not be present. Carbonate infillings of vesicle cavities, 

hairline fractures, and patches or rhombs overprinting 

metavolcanic rocks are common throughout at least the the central 

part of the map area. The carbonate content is more higher either 

next to, or in areas traversed by, closely spaced high strain 

zones, and consists of both ferroan dolomite and high Mg-calcite. 

Within the high strain zones which site auriferous veins, 

alteration characterized by an abundance of ferroan dolomite or 

ankerite associated with abundant sericite and pyrite, and a 

relative scarcity of other ferromagnesian silicate minerals, is 

pronounced next to the veins. Thus, the general presence of 

abundant carbonate is interpreted as being the major, largely 

metasomatic effect related to fluid circulation along many of the 

high strain zones. Addition of silica, in the form of quartz 

veining or silica flooding of fractured feldspar porphyry, the 

segregation of narrow albitite veinlets across the foliation and 

buckled within it, and chequered albite replacement of 

plagioclase phenocrysts are additional metasomatic effects 

related to the mineralized shear zones.

The timing of regional metamorphism and shear zone related
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raetamorphism is not well constrained by direct field and textural 

evidence. Since both the carbonate-sericite alteration related to 

the high strain zones and the peak regional metamorphic grade are 

recorded in the relatively young feldspar porphyry and 

hornblende- phyric flows, and conglomerate, both categories of 

metamorphic effect are relatively young. Biotite associated with 

calcite is commonly stable in pull-apart hornblende grains 

outside the Fe-carbonatized zones, suggesting that biotite is 

still within its field of stability, in part defining the upper 

greenschist facies metamorphic peak, during major regional 

deformation. Ferroan dolomite patches and grains form augen 

within the strong foliations marked by sericite and chlorite, and 

thus the main phase of deformation outlasts dolomite 

crystallization. Except in the cores of. shear zones, where pyrite 

forms irregular, polycrystalline masses, pyrite occurs as cubes 

overprinting foliations. If pyrite crystallization occurred 

during one main episode (an assumption), it might therefore be 

considered to date the latest stages of displacement partitioned 

along shear zone cores. Thus, the crystallization of carbonate, 

sericite, and chlorite throughout the highly altered shear zones 

may have occurred during the major period of shear zone 

development, and pyrite may have crystallized after most ductile 

deformation but before the cessation of the shearing in the core. 

As outlined above, the metamorphism associated with the Moss 

Lake stock post-dated most of shear zone activity on the western 

side of the stock, and thus post-dated carbonatization in that
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area (Section 6.3.10). It could either have post-dated or 

overlapped the peak regional metamorphic conditions attained 

outside the thermal influence of the stock (Tahle 4).

6.3.13 Gold Mineralization in the Huronian Mine Area

6.3.13.1 Introduction

The predominant variety of gold mineralization in the 

Huronian Mine area occurs within (Table 1-29, Appendix I) and 

around (Table 1-31, Appendix I) quartz veins sited along several 

of the northeast-trending zones. Although a few veins 

appear to run for up to 200 m along the cores of individual shear 

zones, several such veins overlap along, adjacent shear zones in 

the three main trenched and pitted vein systems, the Minoletti 

Zone, the Beaver Zone, and the McKellar Zone (Figure 24). In the 

Minoletti and McKellar Zones, carbonatized, sericitized, quartz- 

flooded and pyritized feldspar porphyry comprises a second type 

of mineralized material (Table 1-30, Appendix I), which may, in 

some localities, be more voluminous than the main veins. The main 

features of these mineralized zones, and several trenches in iron 

formation northeast of the Huronian Mine, are summarized below.

6.3.13.2 Minoletti Zone

Eight trenches and one large ridge outcrop expose feldspar-
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quartz porphyry cutting the hornblende-phyric mafic metavolcanic 

rocks and minor latite, which are overlain by polymictic 

conglomerate exposed at the northeastern end of the zone (M-7 

trench: Figure 27). The ridges and line of trenches follow 

several narrow, steep, shear zones that trend approximately 055 0 

and crosscut and/or diverge into more easterly-1 rending splays. 

Steeply dipping quartz veins (Figure 27), from several 

centimetres up to 1.5 m thick, are sited mainly along the 

clockwise splays. The veins and the shear planes which they 

follow vary in orientation, truncating more moderately north- 

dipping foliations (Section 6.3.11.2) (Plate 81).

At the southeastern end of the ridge exposure, three closely 

spaced veins are sited along shears in the nose of a tight 

S-shaped fold in the feldspar porphyry (Figure 27). In trench M-3 

of the ridge exposure, a series of moderately to gently northwest 

dipping quartz veins cut across another, shear-bounded fragment 

of highly altered feldspar porphyry which has been pervasively 

fractured in three dimensions and flooded with quartz (Figures 27 

and 29).

The auriferous quartz veins contain iron carbonate and 

albite as secondary gangue minerals, and pyrite, galena, 

telluride, sphalerite (trace), and chalcopyrite (trace) as 

metallic minerals. 8 grab samples analyzed during this project 

assayed between 440 ppb and 24.6 ppm gold (Table 1-29). Schistose 

mafic metavolcanic rocks and feldspar porphyry are highly 

replaced by carbonate and sericite for up to 0.5 m from the
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Figure 28: Walls of M-2 trench of the Minoletti trenched 
zone, showing relationship of veins to fabric 
elements and pyritic alteration.
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Figure 29: Wall of M-3 trench of the Minolettl trenched
zone, showing relationships of veins to fractured
and quartz-flooded feldspar porphyry.
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veins, and mineralized wich disseminated pyrite. Sheared and 

altered porphyry near the vein walls in trench M-2 (Figure 28) 

contains both bright green muscovite and narrow albite +X- 

ferroan dolomite veinlets. Gold has been observed as microscopic 

inclusions in pyrite in these wall rock schists, and probably 

occurs mainly in the grey telluride of the veins.

The fractured and quartz-flooded feldspar-quartz porphyry 

remnant (Plate 84) exposed mainly in trench M-3 (Figure 29) is 

pervasively affected by ferroan dolomite and sericite 

replacement. Green mica is relatively common. Hairline albite 

stringers traverse the porphyry (Plate 85), and pyrite is 

disseminated throughout. Samples taken during this project 

assayed up to 2760 ppb Au, and Harris (1970) reported a chip 

sample of what is interpreted here to be the altered porphyry of 

0.01 oz/ton (appr. 3 ppm) Au over 15 feet (4.2 m).

The shear system, occupied by at least two, narrow, partly 

overlapping quartz veins, can be traced for at least 150 m to the 

southwest of M-l trench before it disappears on the side of the 

hill. A sample taken from one of the narrow veins near the 

southwest end of the system assayed 8600 ppb gold (Table 1-29). 

The shears apparently petre out against a large, fairly well 

exposed metadiabase body to the south (Figure 24). Although the 

body must be affected at least by localized brittle fracturing, 

neither fractures l shears nor veining are exposed. It is 

considered likely that this metadiabase, oriented at a relatively 

high angle to the northeast-striking shear system, created a
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Plate 84:
Fractured and quartz-flooded, altered feldspar porphyry 

with abundant fine grained pyrite. Trench M-3, Minoletti 
zone .

Plate 85:
Photomicrograph showing albite stringers in highly 

altered feldspar porphyry. Sample 8A LBC 646. Cross
polarized light.
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pressure shadow within this system. This may partly explain why 

several discrete sinistral shear zones exposed in the Minoletti 

Zone (le. those that host the main veins) are oriented clockwise 

to a more prominent shear zone which apparently crosscuts them. 

The earlier shears may have been refracted around the metadiabase 

in the early stages of shear zone development, perhaps veined, 

and subsequently overprinted by throughgoing master shears, when 

the terrane has deformed sufficiently for the structures to begin 

to straighten out. Alternatively these clockwise shears may be 

consisdered 'P-shears 1 , similar to the secondary Riedel shear 

zones of a complex shear system, only inclined to the main shear 

zone in the opposite sense. Perhaps favourable conditions for 

fracturing and vein filling persist at depth beneath the earlier 

clockwise shear zones. These types of early splay, within a 

potentially dilational setting predicted by (a) mapped structural 

geometry (this section), and/or (b) anomalously widespread 

carbonate alteration (Section 6.3.13.6), and/or (c) possibly pre- 

shear fractures filled with abundant lamprophyre or syenite (eg. 

Section 4.14.3.4), may be worth looking for elsewhere.

One other feature exposed at the Minoletti trenches, and 

worthy of note in a more general regional context, is the 

presence of highly oxidized fracture planes in the hornblende- 

phyric metabasalt and in, the small latite pods (Plate 86). Where 

deformation is strong, these oxidized fractures are folded, as in 

the northeastern end of the ridge outcrop. Whereas the undeformed 

fractures are largely hematitic, those in deformed areas contain
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Plate 86:
Narrow, folded, magnetite-rich fracture fillings in 

altered latite pod, Minoletti ridge outcrop.

Plate 87:
A typical example of quartz -f carbonate * albite vein 

with inclusions of brecciated host rock. The vein 
contains pyrite, galena, and telluride, whereas the 
breccia fragments contain only fine grained pyrite.
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substantial magnetite and may be mistaken for iron formation. A 

similar phenomenon is observed on the J. F. West property and 

around Pistol Lake in the Highway 11 map area (Section 4.3.1, 

Section 4.14.3.4, Section 4.14.4.3).

6.3.13.3 Beaver Zone

The Beaver Zone includes two parallel shear zone/altera t ion 

systems, each siting a series of boudinaged quartz and ankerite 

veins in an approximately l m wide zone of strong carbonate 

alteration and veining. These vein/shear ystems have been 

explored by means of eight short trenches and everal small pits 

for about 200 metres (southeastern shear) and one short trench at 

the northeastern end of a system that may extend under the 

southern Beaver Pond (northwestern shear) (Figure 24). The 

alteration and deformation obliterate many primary textures, so 

the primary nature of the host rocks is uncertain; mafic 

metavolcanic rocks of the older sequence and/or of the younger, 

hornblende-phyric sequence are represented, possibly juxtaposed 

against metadiabase to the northeast. Both shear systems are 

characterized by a strong, gently plunging lineation, which 

disappears away from the zone of high strain.

The boudinaged quartz-carbonate veins observed from the 

southwestern end of the southern trench to be left-stepping, 

en echelon veins, dipping more gently southeastward across 

the main foliation. They contain abundant, carbonatized , wall
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rock breccia fragments. A foliation is developed in the veins and 

they are crosscut by steep, subperpendicular, vuggy quartz- 

carbonate extension veins (Plate 82: Section 6.3.11.2), and 

subordinate, gently dipping extension veins. Pyrite is the main 

metallic mineral in the boudinaged veins, although several show 

traces of chalcopyrite. The highest gold assay of four obtained 

during this study was 6700 ppb gold in the northeastern trench 

(Table 1-29, Appendix I). The subperpendicular extension veins 

are barren.

The carbonatized wall rocks contain pyrite only near the 

vein walls, and are traversed by numerous, rusty, iron 

carbonate-rimmed quartz and pink calcite veinlets in various 

states of deformation. Of the three gold assays obtained from 

this material, the highest was 7500 ppb gold next to a vein in 

the northeastern trench, and the lowest was 115 ppb (Table 1-31, 

Appendix I).

The zoning, from highly carbonatized and sericitized, 

pyritic wall rocks to the veins outward through chlorite + 

sericite 4- carbonate schists to regionally metamorphosed 

metavolcanic rocks, is most easily seen in the Beaver Zone of all 

the trenched and pitted areas. The most highly altered wall rocks 

consist of the metavolcanic plagioclase microlite intergrowth 

with minor anhedral quartz overprinted by patchy, ferroan 

dolomite or ankerite, large flakes of sericite, and fine grained 

rutile clusters. Buckled hairline veinlets of quartz and albite 

occur locally. The carbonate and sericite define foliations and
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strong lineations, which are are overprinted by euhedral pyrite 

in some places where mineralization is weak, or by abundant 

pyrite aggregates elongated parallel to the foliation. The 

adjacent chlori te-bearing schists are composed of the basaltic 

plagioclase intergrowth with sparse anhedral quartz, overprinted 

by abundant chlorite and sericite, with minor carbonate and 

accessory rutile. Rocks outside the alteration zone consist of a 

regular basaltic plagioclase intergrowth with abundant epidote 

minerals and chlorite patches, and abundant accessory iron oxide 

and sphene.

6.3.13.4 McKellar Zone

The McKellar Zone comprises two main shear/vein systems 

exposed along a hillside in two lines of pits, each approximately 

200 metres long. The southwestern shear/vein system is exposed 

by five main pits (K-l through K-5) and one minor exploratory 

pit, which are immediately along strike of the shear zone 

penetrated by the Huronian Mine shafts. The northeastern system 

steps right at the established termination of the southwestern 

system, and has been explored in a line of seven major pits (K-6 

through K-12) and several small pits. The latter shear system 

extends northeastward beyond K-12, where it encounters schistose 

iron formation that is veined with quartz and partly pyritized.

The geometry of the shear zones and veins is similar to that 

of the other mineralized systems (Figure 26). To the southeast of
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the pits, steep ridges of mafic metavolcanic rock and iron 

formation swing counterclockwise into the shear zones. The veins 

themselves are more steeply dipping and strike counterclockwise 

to the northwest-dipping foliations in the walls. A gently 

southwest-plunging extension lineation and, rarely, a moderately 

northeast-plunging crenulation can be observed on shear plane 

foliation surfaces. The thickest veins contain many pieces of 

brecciated and altered wall rock (Plate 87, page 287). The host 

rocks to the veins are mainly carbonate -f sericite -f/- chlorite 

schists, in places decorated with magnetite porphyroblasts, and 

are derived mainly from the metavolcanic rocks; however, the iron 

formation skims the southeastern side of some of the central 

pits. Highly altered and deformed fragments of feldspar porphyry 

appear next to the vein in several of the trenches, and appear to 

be the sinistrally offset remnants of a body which swings 

counterclockwise from the west into the southwesternmost (K-l) 

trench and emerges through the series of shear offsets from the 

southeast wall of trench K-ll. The veins in each of the two 

shear/vein systems are more or less continuous. Where the vein is 

thickest (up to 90 cm wide), it is exposed as a single vein. 

Elsewhere (e.g.K-3 and K-5), two veins or more may be present. A 

narrowing vein tip can be observed overlapping another, thicker 

vein in K-5 pit, and several vein remnants are faulted in K-3 and 

K-6. Observations so far suggest that each of the vein systems is 

composed of several, presently shear zone parallel veins, some of 

which may be arranged in an en echelon manner and others possibly
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comprising branched veins.

Alteration around the veins consists of the characteristic 

ferroan carbonate + sericite -f/- chlorite schists with local 

disseminated pyrite next to the veins. One wall rock sample 

yielded 640 ppb gold (Table 1-31, Appendix I). In a few places, 

disseminated magnetite may occur in chloritic schists further 

from the core of the zone, but it is uncertain whether this is an 

alteration mineral related to the vein/shear system or akin to 

the localized magnetite enrichment below the deformed and eroded 

mafic metavolcanic - iron formation contact (Section 6.3.1). The 

feldspar porphyry shows a distinctive ferroan carbonate + 

sericite alteration with local bright green muscovite and 

deformed albite * carbonate veinlets. Fine grained, disseminated 

pyrite is profuse in porphyry next to the veins which is also 

included as breccia fragments within the veins. The pyritized, 

altered porphyry is auriferous; one of two geochemical samples 

collected during this study yielded an assay of 5170 ppb gold 

(Table 1-30, Appendix I).

The quartz vein itself contains minor ferroan carbonate 

as an additional gangue mineral, as well as albite in the 

proximity of feldspar porphyry. Metallic minerals include pyrite, 

galena, grey telluride, sphalerite, and chalcopyrite (Plate 87). 

Of five vein samples taken from the McKellar veins, the highest 

gold assay of 2710 ppb gold was obtained from the northeastern 

end of the trench system (Table 1-29, Appendix I).

The sheared iron formation which occurs in the extension of
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the northeastern tier of McKellar trenches contains minor pyrite, 

much of which is now oxidized due to weathering. One sample 

yielded 105 ppb gold, only slightly anomalous.

6.3.13.5 Iron Formation Trenches Northeast of the Huronian 

Mine

Three trenches on the east side of the road leading to the 

Huronian Mine cut across the southeastern side of a shear system 

which caused imbrication and possibly folding of both banded and 

fragmental iron formation. Minor quartz veining is exposed in the 

largest, northeastern trench, and minor pyrite occurs mainly 

along minor fractures. A more highly pyritized schistose zone is 

exposed on the embankment on the opposite side of the road. 

Assays of quartz vein material from the northeastern trench 

yielded 25 and 465 ppb gold (Table 1-29, Appendix I); assays of 

iron formation yielded only 11 ppb gold (Table 1-32, Appendix I). 

A sample of the pyritic, schistose iron formation opposite the 

trenches assayed 1620 ppb gold (Table 1-32, Appendix I). Pyrite- 

bearing iron formation along the southwestern extension of the 

shear system in the northeastern part of the Huronian Mine 

townsite assayed only 25 and 30 ppb gold (Table 1-32, Appendix 

I).
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6.3.13.6- Huronian Mine

The Huronian Mine is best described by Watson (1929b) and 

Harris (1970). From these descriptions and other documents in the 

Ontario Geological Survey Assessment files, it is obvious that 

the auriferous quartz breccia vein and shear system, as well as 

the adjacent fragmented, altered, and mineralized quartz-feldspar 

porphyry, is similar in geometry to the vein/shear systems and 

porphyry remnants exposed in the McKellar Zone, and at least as 

extensive (Section 6.1).

The workings were not maintained after the mine's 

abandonment, and are inaccessible. Waste material on the mine 

dump consists mainly of well-lineated chlorite * sericite 4- 

carbonate schist, very similar to mafic schists in other 

exposures of the major ductile shear zones. Fragments showing 

several generations of carbonate, some of which is ferroan 

dolomite and some of which is calcite, later crosscut by vein 

quartz, are fairly common. Most samples contain minor sulphide. 

The Huronian Mine shear/vein system is thus distinguished at 

depth from the surface exposures (at least) of the other 

mineralized vein/shear systems by this abundance of carbonate in 

vein form. This suggests a comparatively dilational environment 

during the deformation stage coeval with carbonatization and 

preceding the introduction of most of the quartz in this 

particular area. Again, this setting might have resulted from 

shear deformation of large remnants of diabase, extensively
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exposed as large, competent, fragmented masses to the northwest 

of the mine and as highly sheared slivers to the southwest. The 

initial geometry of the Huronian Mine terrane during the 

carbonatization stage is likely to have been later disrupted by 

later shear zone development and faulting focussed up the hanging 

wall shear zone extending north-northeast of the mine.

In conclusion, the abundant carbonate veining on the mine 

dump may represent a potentially important indicator of gold 

mineralization potential elsewhere in the belt, particularly if 

it turns out in later, thorough assessment that the Huronian Mine 

vein is the most productive of the clearly auriferous vein 

systems in the area as a whole. It is speculated that a 

dilational feature such as this could also have produced a 

strike-slip basin; at a different erosion level, the surface 

manifestation of this effect might be exposures of younger 

conglomerate and volcanic rocks.

6.4 Geology of the Snodgrass - Moss Lakes Area 

6.4.1 General Geology

The Snodgrass Lake - Moss Lake area (Figure 25, back pocket) 

is underlain west of Snodgrass Lake and the inflowing Wawiag 

River by felsic metavolcanic rocks (unit 3) cut by several 

gabbro- diorite-tonal ite intrusions intrusions (unit 4) 

associated with crosscutting feldspar-hornblende porphyry (unit
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5b) , and also cut by separate feldspar-quartz porphyry intrusions 

(unit 5a) and quartz syenite (unit 8e). The Moss Lake stock 

intruded the felsic metavolcanic rocks after the local formation 

of high strain zones, but before the last stages of ductile 

deformation on the southern and eastern margins of the intrusion. 

A partly exposed, brittle fault running down Snodgrass Lake, and 

another shear zone/fault (of limited exposure), following the 

inflowing part of the Wawiag River, juxtaposes the felsic 

metavolcanic rocks against an assemblage of calcite- impregnated 

metabasalt, silicified and locally pyritized metabasalt, 

calcite-bearing siliceous schist, and partly pyritized, schistose 

iron formation on the east side of the lake. The latter rocks are 

affected by northeast-striking, ductile shear zones, which 

parallel-the inferred fault/shear contact down the Wawiag River, 

and are truncated by the brittle Snodgrass Lake Fault.

The main zone of known gold mineralization in the Snodgrass 

Lake area is exposed in the Tandem Resources-Storimin Exploration 

trenched area, where intrusions of metadiorite to tonalite (unit 

4), feldspar-quartz porphyry (unit 5a) , and minor porphyritic 

quartz syenite (8e) cut felsic metavolcanic rocks, all of which 

are locally fractured, infiltrated with pyrite and calcite, and 

locally auriferous. Fractures in rocks bordering the Snodgrass 

Lake fault also locally contain pyrite, and are anomalously 

auriferous.

Only four units require descriptions beyond those in the 

previous section on the Huronian Mine map area (Section 6.3): the

296



assemblage of highly altered metavolcanic rocks east of Snodgrass 

Lake (unit 1); the felsic metavolcanic rocks of this area (unit 

3), the hornblende metagabbro to tonalite complex (unit 4), and 

the feldspar porphyry (unit 5) of the Tandem Resources-Storirain 

Exploration trench area.

6.4.2 Mafic Metavolcanic Rocks and Iron Formation (Unit l?)

A sequence of mafic or intermediate metavolcanic rock and 

iron formation underlies the eastern half of Snodgrass Lake, 

where it was strongly deformed in several ductile shear zones 

before brittle deformation occurred next to the Snodgrass Lake 

fault.

The mafic metavolcanic rocks, where only deformed by 

fracturing near the fault, are mainly massive, sparsely 

feldspar-phyric , and highly vesicular. Vesicles are filled with 

calcite, quartz, and pyrite; numerous veinlets of calcite, 

quartz and tourmaline traverse the rock. The basal tic/andesitic 

texture of the matrix is preserved in the secondary greenschist 

facies assemblage of chlorite and plagioclase, with accessory 

iron oxides, calcite, and rare sphene.

These metabasalts show varying degrees of silicification, 

apparently more pronounced near the iron formation. The initial 

stages consist of silicification along a three dimensional, 

irregular network of minute fractures (Plate 88), and the final 

stages are represented by total silicification except for pyrite-
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Plate 88: 
Initial stages of
silicification 
along small scale 
fractures in 
metabasalt.
Snodgrass Lake.

Plate 89: 
Advanced stage of 
silicification of 
metabasalt, with 
vesicles still 
containing relics 
of largely weathered 
out pyrite. 
Snodgrass Lake.

Plate 90:
Fragmental rock 

with fragments of 
massive sulphide 
(lower centre), 
silicified rock, 
metabasalt, and 
intermediate tuff.
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and calcite-filled vesicles (Plate 89). The partly altered 

metabasalt is locally highly sericitized near sheared contacts 

with the iron formation.

The iron formation is highly deformed in most exposures, and 

is rusty weathering because of the presence of pyrite. At the 

southern end of the lake, banded iron formation passes into a 

fragmental rock similar to Unit le of the Huronian Mine area. 

Like that rock, it contains fragments of magnetite iron 

formation, chert and/or silicified metavolcanic rock, and mafic 

to intermediate metavolcanic rock. Unlike Unit le, it also 

contains fragments of massive pyrite (Plate 90), suggesting that 

pyrite was introduced into the mafic metavolcanic rocks before 

the formation of the clasts.

An island in the centre of Snodgrass Lake exposes 

inhomogeneously deformed, mafic metavolcanic rocks affected by 

varying intensities of iron carbonate alteration, consisting of 

profuse carbonate, muscovite, chlorite, and rutile, and sparse 

cubic pyrite, along with plagioclase and quartz. The shear plane 

foliations of the most deformed raetavolcanic rocks strike toward 

the inlet of the Wawiag River, on the southeastern side of 

which highly weathered sericite-carbonate schists are exposed. 

Because the alteration on the island resembles that observed 

near, but not within, the sericite-carbonate schist zones of 

auriferous mineralized shear systems elsewhere, it is tentatively 

suggested that the island exposures are part of a moderately 

deformed and altered lithon of metavolcanic rock surrounded by a
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system of anastomosing se ricite-carbonate schist zones extending 

northeast up the Wawiag River.

6.4.3 Felsic Metavolcanic Rocks (Unit 3)

The felsic metavolcanic rocks which occupy the terrane from 

the Wawiag River and Snodgrass Lake around the southern side of 

Moss Lake are composed mainly of coarse to fine grained, crudely 

bedded to finely laminated, feldspathic ignimbrites. The presence 

of primary lamination makes the identification of zones .of high 

tectonic strain difficult, although a northerly striking, 

particularly fissile zone halfway between Snodgrass and Moss 

Lakes, and similar rocks on the shore near the outlet of Moss 

Lake are thought to represent mylonite zones, which probably 

continue to the southwest and west.

These rocks are variable in composition, but are 

characterized in general by clasts of plagioclase, quartz, 

ferromagnesian grains and clots replaced by chlorite and epidote 

or chlorite, biotite, and epidote, and rhyolite or dacite in a 

foliated, finely fragmental matrix. In the Minoletti trenches, 

the felsic tuffs contain abundant matrix carbonate and pyrite 

aggregates along the tectonic and/or primary foliation planes, 

and lack epidote.
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6.4.4 Hornblende Metagabbro to Tonalite (Unit 4)

Three small intrusions of fine to medium grained metagabbro 

to tonalite have been mapped in the felsic metavolcanic terrane 

(Figure 25, back pocket). Metagabbro to metadiorite predominates, 

and grades diffusely to more plagioclase-rich tonalite in the 

bodies in the Tandem Resources - Storimin Exploration trench area 

and at the southern end of Snodgrass Lake. The more felsic rocks 

strongly resemble the feldspar porphyries of the area, and may be 

either equivalent or have similar origins.

Before metamorphism and alteration, the more mafic rocks 

consisted of euhedral hornblende prisms and subordinate 

plagioclase laths in a matrix of interlocking plagioclase laths 

and interstitial quartz. The gradation into the tonalite consists 

of an increase in the proportion of plagioclase phenocrysts, and 

the appearance of sparse quartz phenocrysts. The plagioclase 

grains in most rocks are intensely saussuritized , or 

saussuri tized and sericitized, and some of both the 

ferromagnesian and plagioclase grains are replaced by coarse, 

pleochroic epidote. Other hornblende crystals are altered to 

either actinolite or chlorite and biotite. Secondary calcite 

patches overprint the matrix to varying degrees, and occupy 

hairline fractures with quartz and epidote. Epidote predominates 

in the hairline veinlets in some rocks. Although the rocks 

contain minor disseminated pyrite, pyrite is mainly segregated 

along the fractures with epidote, quartz, and/or calcite. Where
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the rocks are affected by the shear zones, they contain calcite, 

chlorite-biot ite intergrowths, and muscovite, which define the 

schistosity about porphyroclasts of saussuri tized plagioclase and 

interstitial quartz. Pyrite in these rocks occurs mainly along 

high angle fractures and foliation planes.

6.4.5 Feldspar-Quartz Porphyry (Unit 5)

Pink weathering, feldspar-quartz porphyry cuts the

metagabbro-tonalite of the Tandem Resources-Storimin Exploration 

trenches. The similarity between these rocks and the metatonal ite 

suggests that they may be related. Under the microscope, 

phenocrysts of plagioclase, subordinate volcanic quartz, and rare 

chloritized hornblende can be seen. Patches of epidote, which in 

places appear to be overprinting some of the plagioclase 

phenocrysts, are common and distinguish these porphyries or their 

altered equivalents from other porphyries in the region. However, 

many of the plagioclase phenocrysts are strongly sericitized; 

this is probably what gives the rock its pink colour. Secondary 

calcite patches are relatively common.

6.4.6 Hornblende-Quartz Syenite (Unit 8e)

Exposures of hornblende quartz syenite, or hornblende- 

bearing, subvolcanic latite, similar to the quartz syenite or 

latite of the Highway 11 area, was mapped on the western shore of
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Snodgrass Lake. However, this rock is so similar to some of the 

more felsic phases of the hornblende metagabbro-tonalite complex 

and feldspar porphyries that they are probably related; the 

quartz syenites exposed here and elsewhere might belong to a 

widely emplaced mafic to felsic volcano-magmatic suite.

One altered sample examined under a microscope contains 

chloritized euhedral phenocrysts of hornblende, and highly 

sericitized phenocrysts of plagioclase, in a very feldspathic 

matrix containing minor quartz, and overprinted by fine sericite 

and minor carbonate. A few phenocrysts of plagioclase are 

replaced by coarse epidote, and others are saussuri tized instead 

of being sericitized.

6.4.7 Synopsis of Metamorphism, Def or-mat ion , and Alteration

The synopsis of the relative timing of deformation, 

metamorphism, and intrusion or emplacement for this area was 

given in Section 6.3.12 (Table 4).

The regional metamorphic grade is in the middle greenschist 

facies, increasing generally toward the contact with the Moss 

Lake stock, where biotite is relatively abundant. Petrofabrics 

suggest that these metamorphic conditions outlasted the most 

obvious structural imprint on the area - several steep, 

northeast-trending ductile shear zones related to an 

inhomogeneously developed regional schistosity. A crosscutting 

brittle fault zone, charact i ri zed by fracturing on either side,
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extends northward through Snodgrass Lake (Figure 25).

The Moss Lake stock was emplaced after the beginning, but 

before the end, of the ductile deformation episode on this side 

of the stock, as potash feldspar-phyric apophyses emplaced along 

and across strong foliations are further deformed by consistently 

clockwise, asymmetric crenulations (Plate 91), interpreted here 

as shear band foliations formed at a late stage of sinistral 

shear. The northeastern tip of the stock also appears to be 

crosscut by a parallel fault or the projected extension of the 

Snodgrass Lake fault, as seen on the regional maps of Giblin 

(1964) and Harris (1970). How closely in time the brittle fault 

followed the ductile deformation is not known, but may be of 

significance in the context of the sericite-carbonate 

alteration which characterizes some of t.he nor theas t-1 rending 

ductile shear zones and which may constitute the early stages of 

a potentially auriferous hydrothermal system.

Discrete ductile shear zones represented by sericite * 

carbonate + X- chlorite schists zones are most readily identified 

in the mafic metavolcanic rocks on the east side of Snodgrass 

Lake, traversing the raetadiorite intrusions (recently exposed by 

new, 1985-6 logging roads) west of Snodgrass Lake, at the contact 

of the small me tagabbro-tonalite body at the south end of the 

lake, and in the Tandem-Storimin trenched outcrop (Section 6.4.8: 

Plate 92). These schistose zones resemble similar, highly 

altered, ductile shear zones in the Highway 11 area, the north 

part of the Jalna claim block, and the Huronian Mine area. On the
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Plate 91:
Apophyses of Moss Lake stock emplaced alonmg the strong 
foliation planes of felsic raetavolcanic rock. Both 
apophyses and host are affected by a crenulation 
counterclockwise to the strong foliation.
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island in Snodgrass Lake, mafic raetavolcanic rocks contain a 

couple of zones of moderate schistosity and moderate carbonate, 

chlorite and sericite replacement, suggestive of a degree of 

alteration midway between that of the intensely altered shear 

zones containing auriferous veins in the Huronian Mine area, and 

rocks affected only by regional metamorphism and weak deformation 

in between shear zones. It is suggested here that the rocks 

exposed on this island are part of a relatively undeformed lithon 

encased in the prominent schistose zones such as those exposed on 

the east and south shores of the lake, and in the bush west of 

the lake.

A zone of intense brittle fracturing follows the Snodgrass 

Lake fault through the southern outlet of the lake, and is 

probably related to the fracturing which is evident in the Tandem 

Resources - Storimin Exploration trenched zone (e.g. Section 

6.4.8: Plate 93) and on the western shore of the lake. Abundant 

calcite fills most of these fractures, and a few are filled with 

tourmaline, particularly where felsic rocks are fract-ured on the 

west shore of the lake. Some of the more prominent fractures in 

all localities are also filled with pyrite. It is presumed that 

the calcite vesicle and fracture fillings in the mafic 

metavolcanic rocks east of the fault at the southern end of the 

lake may also be related to the fault fracture system.

On the other hand, it is not known whether the strong 

silicification of the mafic metavolcanic rocks east of the lake 

(Section A.4.2) is related to the late tectonic events or
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entirely preceded them. The silicification and some stage of 

pyritization must have predated the deposition of the fragmental 

rocks at the southeastern end of the lake, because it contains 

pieces of silicified rock and massive pyrite. If this fragmental 

rock is part of a continuous cycle of volcanism and deposition of 

iron formation, the silicification must have been synvolcanic and 

prior to the strong structural imprint. Silicification of this 

general description is also known at the North Coldstream Mine 

(Giblin 1964), 15 km northeast of Snodgrass Lake, where tt is 

considered related to a massive sulphide (Cu) alteration system. 

Gold has been prduced as a byproduct in this mine (Giblin 1964).

6.4.8 Gold Mineralization in the Snodgrass Lake Area.

The gold occurrence at the northern end of Snodgrass Lake 

has been explored sporadically by trenching and drilling since 

the 1950 f s (Harris 1970), most recently by Storimin Exploration 

Ltd. under an agreement with Tandem Resources.

The exposed portion of the occurrence (Figure 30) displays 

part of a metagabbro-tonalite intrusion, cutting felsic 

metavolcanic rocks and cut by feldspar quartz porphyry. These 

rocks are traversed by several, very fissile, mainly east- 

trending, but locally conjugate shear zones which are now very 

rusty (Plate 92). Small, deformed quar tz-carbonate-albite veins 

with sulphides occur along these zones in the northern half of 

the exposure, but these veinlets are rare. Between the shear
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Plate 92:
Fissile zones (centre photo) in fine grained, 

hornblende metagabbro-diorite which is unfoliated 
outside the fissile zones. Tandem Resources-Storimin 
Exploration Ltd. outcrop and trenches, Snodgrass Lake.

Plate 93:
Cut surface of hornblende metadiorite showing 

dilational fracturing. Tandem Resources-Storirain 
Exploration Ltd. outcrop and trenches.

309



zones, the rocks are affected by a network of shear and extension 

fractures, the largest of which contain conspicuous 

segregations of pyrite. The metagabbros seem most strongly 

affected by this brittle deformation, which may reflect 

substantial dilatation (Plate 93), but the felsic metavolcanic 

sliver in the centre of the outcrop area also contains the 

pyrite-decorated fracture planes (Plate 93).

Anomalous gold values occur in both highly sheared and 

fractured metagabbro-tonalite (Table 1-26, Appendix I) and in 

felsic metavolcanic rocks (Table 1-23, Appendix I). The small 

quartz-carbonate-albite veins gave the highest assay results, 

12.4 and 24.6 ppm gold (Table 1-29, Appendix I), of samples 

assayed during this study, and a sample of schist adjacent to one 

of the veins yielded an assay of 2750 ppb gold (Table 1-31, 

Appendix I).

The results to date suggest that the structures which affect 

the intrusive and volcanic rocks, such as the shear zones and 

fractures which can be seen to concentrate pyrite in hand 

specimen, are of primary importance to the gold mineralization in 

the Tandem-Storimin Occurrence. Thus, the setting of this 

occurrence in an area displaying the effects of both ductile 

shear zones and the brittle Snodgrass Lake Fault is felt to be 

extremely favourable. However, the sheared margin of a fine 

grained me tagabbro-diorite with disseminated chalcopyrite, pyrite 

and malachite west of the southern end of Snodgrass Lake yielded 

an anomalous assay of 90 ppb gold (Table 1-26), suggesting that
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these intrusions should themselves be investigated for gold 

poten tial.

A pyrite-bearing sample of the moderately altered and 

deformed, mafic metavolcanic rocks in the island on Snodgrass 

Lake, here interpreted tentatively to be part of a lithon of 

relatively weakly deformed and altered rock in a prominent 

sericite-carbonate schist zone, gave a disappointingly nil gold 

assay (Table 1-21, Appendix I).

On the other hand, one sample of silicified metabasalt with 

minor pyrite near the east-central shore of the lake yielded an 

anomalous 65 ppb gold and 660 pptm arsenic, as well as an 

anomalous 24 ppm molybdenum (Table 1-34, Appendix I). If more 

rocks containing more sulphides can be found in this area, they 

would be worthy of investigation. One sample of the adjacent iron 

formation yielded only 9 ppb gold (Table 1-32, Appendix I). 

Additional thorough sampling of the pyrite-bearing silicified 

rocks might reveal encouraging results.

In summary, mineralization known to date in the Snodgrass 

Lake area departs significantly in style from that in the nearby 

Huronian Mine area, where it is consistently hosted by large 

quartz veins along carbonatized shear zones. The investigation of 

the Snodgrass area was far from thorough; an petrographic 

investigation of the mineralogy and texture of ore grade or near 

ore grade samples is needed to ascertain how the gold occurs, 

whether concentated solely with pyrite in fractures in the 

dioritic and metavolcanic rocks, or whether also associated with
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disseminated sulphide in the diorite.

However, several large scale geological features can be 

selected as of potential interest as a result of the 

investigations to date:

(1) The interplay between the schistose zones and the brittle 

fault zone, and their timing relative to late tectonic 

hydrothermal processes.

(2) The hornblende metagabbro - tonalite bodies, their setting 

relative to regional structures, and the relative importance of 

structural and intrusive settings to sulphide and gold 

mineralization.

(3) The sheared slices of silicified and otherwise altered 

metavolcanic rock and iron formation on the eastern side of 

Snodgrass Lake. Tt would be interesting to find out whether these 

silicified rocks can be mapped across the several faults and 

shear zones, thought to occur between this area and the North 

Coldstream Mine on the basis of preliminary roadside 

reconnaissance .

6.5 Summary, and Recommendations for further exploration in the 

Huronian Mine, Snodgrass Lake and Adjacent Areas

6.5.1 Geological History Relevent to Gold

The geological history of the Huronian Mine-Snodgrass Lake 

area is summarized in Table 4 (Section 6.3.12, p. 276) as
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accurately as possible from the data presently available. 

In brief, the Huronian Mine - Snodgrass Lake area is 

occupied by early felsic and mafic roetavolcanic successions and 

related subvolcanic intrusions, with localized internal 

unconformities, overlain by a syntectonic, possibly 'Timiskaming- 

type* association of metasedimentary (conglomeratic) and 

metavolcanic rocks with coeval intrusions, finally cut by the 

Moss Lake stock. the imprint of an early deformational episode 

included the tilting of the early strata and sills relative to 

the present horizontal reference plane, but otherwise its effects 

are unclear. This event was succeeded by a strike- or oblique- 

slip deformation regime which may have preceded, and definitely 

outlasted the depositon of the younger sedimentary and magmatic 

rocks. Sets of northeast-striking, steeply dipping ductile shear 

zones are the most prominent imprint of this regime. Metasomatic 

carbonatization and sericitization synchronous with the main 

period of deformation was concentrated along discrete sections of 

these shear zones during the regional greenschist facies 

recrystallization which affected the surrounding rocks; the 

greenschist facies metamorphism may have considerably outlasted 

the more localized metasomatism. Subsequent brittle or brittle- 

ductile deformation was accompanied by quartz veins, the most 

prominent of which are the auriferous, breccia-bearing quartz 

veins which follow the most highly metasomatized shear zone 

segments. The Moss lake stock was emplaced in the already 

sheared, greenschist facies me t atno rposed , and locally
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carbonatized and sericitized, hosts upon which it superimposed a 

contact aureole. It was emplaced before the end of this 

deformation regime in the southeast, since a north-trending 

brittle fault zone intersecting one of the carbonatized ductile 

shear zones near the main gold occurrence on Snodgrass Lake (or 

another related fault immediately to the east) cuts and displaces 

the northeast end of the stock.

The deformation regime responsible for the main period of 

shear zone development consisted of sinistral simple shear with a 

very minor, southeast-side-up vertical component, with the late? 

addition of northeasterly elongation and possibly northwest- 

southeast shortening. The major effects of elongation and/or 

shortening occurred near the end of deformation, and may not only 

be responsible for extension fractures perpendicular the shear 

zones and regional grain, but also for local late dextral sense 

of shear recorded in a few of the 'mobile zones' (6.3.11.3) along 

the northwest side of the area; however, these could 

alternatively be related to either a late generation of dextral 

faults further north, or to localized heterogeneities of the 

mechanical properties of the host terrane.

The gold mineralization events in both the Huronian Mine and 

Snodgrass Lake ares were relatively late in the geological 

history (Table 4), and were obviously influenced by structures to 

some degree. On one hand auriferous veins were emplaced along 

segments of prominent ductile shear zones in the case of the 

Huronian Mine area, and auriferous sulphide was either introduced
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and deposited in a both locally sheared and pervasively fractured 

hornblende gabbro-tonalite and porphyry cutting similarly 

deformed felsic metavolcanic rocks located near the intersection 

of the brittle fault zone with a ductile shear zone in the 

Snodgrass Lake area. The primary role of the prominent ductile 

shear zones as conduits for carbonate and sericite producing 

fluids and subsequent fluid responsible for the quartz veins and 

auriferous sulphide mineralization is evident in the Huronian 

Mine area. As suggested earlier, locally dilational, 'pressure 

shadow* environments might have been created by the presence of 

thick, competent fragments of metadiabase in the shear zone 

system. In the Snodgrass Lake area, although the ductile shear 

zones and brittle fault can be envisaged as having exerted some 

control on the focussing of mineralization, the importance of the 

dioritic intrusive complex at the main gold occurrence is not 

clear; it might have carried some of the gold magmatically or 

pneumatolytically or merely have acted as a relatively competent 

lump, and thus preferentially fractured, in the hydrot hermally 

active shear and fault confluence. Investigation of the 

mineralogy and textures of the ore minerals may help solve this 

problem.

The role of the Moss Lake stock is even more hypothetical. 

Although the south end of Moss Lake stock does not appear to have 

sited mineralization and alteration within or outside its 

margins, it must have been eraplaced in nearly the same time 

interval as the gold mineralization (ie. after carbonatization

315



along its west side and before the termination of fault activity 

on its southeast side). Therefore, it might have exerted some 

sort of thermal influence on the circulation and precipitiat ion 

of auriferous fluids. In addition, exposures where the north- 

trending Snodgrass Lake or an equivalent fault is portrayed as 

cutting the northeast end of the stock north of Snodgrass Lake 

(Pye and Fenwick 1965, Giblin 1964) may reveal evidence of 

hydrothermal alteration.

Aside from the gold mineralization, shear-bounded slices of 

silicified mafic metavolcanic rock and iron formation on the east 

side of Snodgrass Lake are suspected to have developed as part of 

the massive sulphide alteration system associated with the North 

Coldstream Mine copper sulphide orebody further northeast. 

Remnants of this system might possibly be traced down the 

extension of the southwest arm of the Shebandowan belt now that 

at least the late displacement sense of the prominent shear 

zone/fault system is understood.

6.5.2 Recommendations for Exploration

As summarized above, the numerous, steep, northeast-striking 

shear zones and faults appear to have exerted a primary control 

on the siting of gold mineralization. Most of these zones, 

commonly not indicated on present reconnaissance maps, would be 

worth locating and tracing out on the ground as accurately as 

possible, while looking for additional indicators favourable to
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mineralization. These additional indicators might include: (1) 

the presence of large metadiabase or other competent remnants, 

such as the hornblende diorite-tonalite and porphyry complexes; 

(2) locally intense carbonatization and sericitization along the 

shear zone, and anomalously pervasive carbonate alteration, 

veining, vesicle and fracture filling between or next to these 

zones these zones; (3) (possibly) the presence of inliers of the 

immature conglomerate, with or without the distinctive hornblende 

+I- plagioclase phyric metavolcanic and subvolcanic rocks; and 

(4) intersection or overprinting by brittle fault and fracture 

zones, especially those which localize alteration minerals such 

as the abundant calcite and more restricted segregation of 

pyritie along fractures around the Snodgrass Lake fault7 f raeture 

zone. By analogy with the north part of the greenstone belt, 

flexing of the early shear zones or overprinting by later more 

easterly trending structures may also be important, although this 

could not be investigated here because of the small scale of the 

study; perhaps the bend in the contact of the Sebandowan 

greenstone belt and the Quetico me tasedimentary rocks to the west 

of the Huronian Mine area (Harris 1970) is a favourable 

ind icator.

The potential influence of late-stage granitoid bodies in 

thermally controlling the circulation and precipitation of 

auriferous mineralization within a certain distace of the contact 

should also be considered, although again this influence could 

not be investigated because of the small scale of this study.
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Such granitoid bodies include the Moss Lake Stock in this area, 

the Burchell Lake pluton to the north (Giblin 1964), and the Hood 

Lake syenite (Schwerdtner 1986) and a smaller syneite body at 

Fountain Lake next to the Knife Lake Fault (Figure 2);
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Section 7: CONCLUSIONS 

7.1 General Conclusions and New Findings

The study has resulted in several findings relevant to 

the general geology and late tectonic setting of the western part 

of the Shebandowan Greenstone Belt:

(1) Outliers of conglomerate, which contains clasts of relatively 

young intrusive and extrusive magmatic rocks in addition to older 

metavolcanic rock, have heen found along the southwestern arm of 

the greenstone belt and in southern Duckworth and Laurie 

Townships, where they had not previously been recognized. These 

rocks are equivalent to the belt of associated 'Timiskaming-type' 

sedimentary and volcanic rocks exposed along the Shebandowan Mine 

road (Shelgelski 1980, Brown 1985b), and similar rocks have 

recently been mapped east of the study areas by Carter (1985).

(2) Mafic to felsic, locally compos i tionally variable and/or 

composite intrusions, which are characterized particularly by 

their content of primary hornblende and which include hornblende 

diorite, feldspar-hornblende porphyry, and hornblende-phyric 

quartz syenite (latite) dykes and pods, have been recognized as a 

significant, relatively young component of all three study areas. 

The role of these plutons in the late tectonic setting, and in 

siting alteration and/or mineralization, is uncertain but worthy 

of investigation.
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(3) The imprint of a system of steeply dippping shear zones and 

faults, affecting all units except for the olivine diabase dykes, 

is pronounced around the westerly to northerly circumference of 

the greenstone helt, and is manifested to a lesser extent near 

the inner part of the belt (eg. Duckworth - Laurie Townships). In 

general, these systems include an early, northeasterly to 

easterly striking set with a history of sinistral, southeast- 

side-up shear or displacement sense, which are overprinted and/or 

reactivated by an easterly to southeasterly striking set 

dominated by a dextral shear/displacement sense. The 

northeasterly striking sinistral shear zones were active 

throughout much of the development of the southwestern arm of the 

greenstone belt (eg., Huronian Mine - Snodgrass Lake area), which 

may only have recorded minor effects of dextral displacement, 

mainly in its northwestern extremities. The younger dextral 

shear zones and faults were more significant in the development 

of the northern part of the belt (eg. Highway 11 area), where 

they interfered with the earlier sinistral regime. The geometry 

of fracturing and veining related to gold mineralization, which 

occurred at late stages in the geological histories of these two 

contrasting parts of the belt, is therefore different.

The findings of this study can easily be reconciled with the 

structural analyses of earlier workers. Although it was not 

addressed in this study, the evidence for early, nappe-like 

structures presented by Morton (1982) is accepted, and her DI 

deformation is thought to be earlier than the structural regime
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responsible for the formation of the DI strain domains of Stott 

and Schwerdtner (1980), the latter corresponding to her D2 

(responsible for east-1 rending upright folds). The f Dl f and f D2 f 

events responsible for the DI and D2 strain domains of Stott and 

Schwerdtner (1980) probably correspond to the two distinct shear 

regimes recorded in the southwestern and northern parts of the 

belt (this study), the first responsible for the steeply dipping 

sinistral shear zones which extend from the southwest arm into 

the north part of the belt and the second for the subsequent 

dextral overprint in the north part of the belt. A contact strain 

aureole, such as those described by Stott and Schwerdtner (1980), 

may be responsible for the steep stretching and mineral lineation 

thoughout the Jalna claim block, just east of an intrusion of the 

Sunbar-Batwing Lake Complex.

7.2 Highway 11 Study Area

In the Highway 11 study area, the early cycle of

metavolcanic rocks and subsequent igneous intrusions was involved 

in a series of northeasterly to easterly striking, sinistral, 

ductile shear zones, followed by the westerly to northwesterly 

striking dextral shear zones and minor faults. Carbonate-sericite

alteration of the type commonly recognized in auriferous systems
. 

of other Superior Province greenstone belts overlapped the

development of the first set of shear zones and locally 

overlapped the onset of the second regime. Quartz veining, which
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is directly correlated with gold mineralization in this area, 

occurred under the influence of the second regime. The Pistol 

Lake trondhjemite stock and fracture controlled quartz syenite or 

latite dykes in the centre of the Highway 11 map area-are highly 

carbonatized and sericitized, even hetween the shear zones, and 

gold is associated with pyrite bearing quartz veins in the 

trondhjemite stock and with disseminated pyrite in the dykes.

7.3 Jalna Claim Block, Duckworth and Laurie Townships

In the Jalna claim block in Duckworth and Laurie Townships, 

a felsic-intermediate metavolcanic complex, intruded by mafic to 

felsic plutons and overlain by mafic metavolcanic rocks, breccia, 

and conglomerate, is affected by locally intense fracturing and 

brecciation which was accompanied and/or followed by 

carbonothermal to hydrothermal alteration. Disseminations of 

pyrite in the foci of most intense fracturing and alteration are 

auriferous. After the fracturing and alteration, the rocks were 

overprinted by a steeply plunging lineation, possibly related to 

a contact strain aureole about intrusions emplaced around the 

margins of the adjacent gneissic - plutonic complex.

7.4 Huronian Mine - Snodgrass Lake Area, Moss Township

In the Huronian Mine - Snodgrass Lake area, the early 

metavolcanic terrane around the Huronian Mine displays a
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depositional, if not temporal, hiatus near a horizon of iron 

formation; the latter was fragmented with the metavolcanic 

substrate and provided clasts to an overlying pyroclastic breccia 

and ashflow. On Snodgrass Lake, silicification and local 

pyritization of the metabasalt beside iron formation may be 

related to this hiatus, or to a later tectonic interval.

These metavolcanic rocks and iron formation, younger mafic 

to felsic intrusions, and younger hornblende-phyric metavolcanic 

rocks are traversed by northeasterly striking, ductile shear 

zones of sinistral shear sense, some of which display the 

carbonate-sericite alteration typical of hosts to gold 

mineralization elsewhere, and are the focus of several extensive, 

auriferous quartz vein systems in the Huronian Mine area.

Similar shear zones and alteration are present in the 

Snodgrass Lake side of the area. However, the major mineral 

occurrence exposed in this area is sited where several minor 

shear zones in a hornblende metagabbro-tonalite body intruding 

felsic metavolcanic rocks are dilated and fractured by the 

interference of a nearby later brittle fault running through 

Snodgrass Lake. Other elevated gold values are found in sulphide- 

bearing, calcified metadiorite bodies, traversed by ductile shear 

zones west of the lake and fault, and in silicified and calcified 

mafic metavolcanic rocks, interleaved with similar schist zones 

on the eastern side of the lake.
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Appendix I: GEOCHEMICAL ANALYSES OF SELECTED ROCK UNITS, AND

ALTERED AND MINERALIZED SAMPLES.

Samples representative of the metavolcanic and intrusive 

rocks in the three study areas, as well as samples of various 

types of alteration and mineralization, were analyzed for major 

and selected minor and trace elements at the Geoscience 

Laboratories of the Ontario Geological Survey, Ministry of 

Northern Development and Mines, Toronto. Information concerning 

the method of routine sample preparation, potential sources of 

laboratory contamination, limits of detection, precision and 

accuracy is supplied in the annual booklet describing the 

capabilities of the Geoscience Laboratory (internal laboratory 

manual, available on request).

Major elements were analyzed using an ARL 72000 X-Ray 

Fluorescence spectrometer. LOI, H20plus, and H20minus were 

determined gravimet rically, and S was analyzed and C02 calculated 

from carbon analyses using a Leco induction furnace with infra 

red detector. All trace elements, except for Au, were determined 

using the Varian AA 775 Atomic Absorption spectrometer. Au was 

analyzed on a Perkin Elmer Model 603 graphite furnace with an HGA 

500 programmer.

Pyrite separates from several samples were analyzed for 

sulphur isotope ratios at the Ottawa - Carleton Centre for 

Geoscience Studies and Geological Survey of Canada Stable Isotope 

Facility under the supervision of Drs. Eian Cameron and Keiko
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Hattori, for which the writer is grateful
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Table 1-32: Geochemistry of Iron Formation within and Near
Auriferous Vein - Shear/Fracture Systems. HU - Huronian 
Mine Townslte Area. HK - Mckellar Pit Area. IF - Next 
to Iron Formation Trenches, Northeast of Mine Site. 
SW - SW End Huronian Mine Map Area. NE - NE End 
Huronian Mine Map Area. S - Snodgrass Lake.

C02 AS AG AU BA CO CR CU NI F B ZN MO

85LBC-0098 NE
85LBC-0114 NE
85LBC-0119 HU
85LBC-0130 HK
B5LBC-0133 HK
85LBC-0166 SU
B5LBC-0168 SW
85LBC-0169 SU
B5LBC-0181 HU
85LBC-0182 HU
85LBC-0226 NE
85LBC-0311 SU
85LBC-0412 S

0.00
0.00
0.27
1.19

10.80
1.57
0.30
0.20
0.23
0.17
0.24
0.11
19.30

0.00
0.00
4.45
2.48
6.23
0.15
0.28
0.03
0.15
0.47
0.00
0.00
3.61

0
0

130
20
20

-10
190
-10
25
30

200
15

-10

2
-2
-2
-2

7
-2
-2
-2
-2
-2
-2
-2
0

1620
11

105
160

1010
6

13
2

30
85

140
25
9

0
0
0
0
0
0
0
0
0
0
0
0
0

12
9
0
0
0
0
0
0
0
0

-5
-5
8

-10
-10

0
0
0
0
0
0
0
0

-10
59
20

124
10
0
0
0
0
0
0
0
0

16
136
88

37
26
0
0
0
0
0
0
0
0

13
8

20

62
-10

0
0
0
0
0
0
0
0

-10
18
14

205
92
0
0

. 0
0
0
0
0
0

100
220
41

-3
-3
0
0
0
0
0
0
0
0

-3
-3
-3

Table 1-33: Partial Geochemistry of Miscellaneous Rocks in the 
Western Contact Aureole of the Moss Lake Stock.

C02 AS AG AU BA CO CO CU NI PB ZN

85LK-W29
85LBC-0225
85LBC-0233
B5LBC-0284
85LBC-0399

0.00
1.03
0.09
2.16
0.19

0
-10

15
-10
-10

2
-2
-2
-2

0

220
10

6
-2

6

0
•V

0
0
0

35
33
10
17
5

35
33
10
17
5

300
102
30
38
12

105
134
27
28
12

11
-10
-10
-10

18

66
128
69
60
64

-3
-3
-3
-3

0

Table 1-3*: Geochemistry of a Silicified Metabasalt with Minor 
Pyrite, East Side of Snodgrass Lake.

S102 A1203 Fe203 FeO 

93.6 0.66 4.48 0.51

LOI A*

0.60 600

Au 

6}

M,0

0.06

Co

70

C*0

0.0}

Ml

23

N*20

0.00

Pb

73

K20

0.00

In

32

T102 P205 MnO C02 S H20*

0.00 0.02 0.01 0.20 0.51 0.66

Ho

24

Total H20-

100.8 0.09

Note: Major element analyses are reported as oxides in percent (56), 
and trace elements, except for As, Au, and Sb, are reported In 
ppm, unless otherwise indicated. As and Sb are reported in 
pptm, and Au is reported in ppb, unless otherwise indicated.
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