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strain, finer grained sericite (SER) rich domain against a lower strain, coarser 

grained domain of quartz (QZ) showing undulose extinction and weakly 

corrugated grain boundaries. b. Molybdenite (MOLY) laths and sheaves 

enclosing and abutting against pyrite (PYR) and also occurring as euhedral 

inclusions in the pyrite (PYR). c. Chalcopyrite (CPY) enclosing, filling 

fractures within, and replacing pyrite (PYR) in association with minor 

anhydrite (ANHY). d. Galena (GAL) with closely associated altaite (ALT) and Au 

showing typical fracture fill habit in quartz (QTZ). Banded vein foliation is 

parallel with the bottom edge of the photograph. Note the trails of solid 

inclusions (arrowed) in quartz gangue and at the terminations of galena filled 

veinlets. e. Secondary fluid inclusion trails radiating from -the termination of 

a galena (GAL) filled fracture, f. Galena (GAL) showing typical enclosing and 

coating habits with respect to pyrite (PYR). Note the unstrained nature of the 

galena as evidenced by the planar arrays of cleavage pits.
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FIG. 8. a., b. Etched galena (GAL) grains (ranging in habit from more equant to 179 

irregular, "wire-like" grains) showing excellent crystallographic continuity 

with little evidence of any sub-structure typically associated with deformation 

via dislocation processes (e.g. kink bands, primary recrystallization).

FIG. 9. a. Complex intergrowth of tellurobismuthite (TEBI), tetradymite (TET), 180 

hessite (HESS) and galena (GAL), b. Solid inclusion trails cross-cutting quartz 

grain boundaries and areas of recrystallized quartz. c. Au, chalcopyrite (CPY) 

and galena (GAL) coating pyrite (PYR). d. Altaite (ALT) and closely associated 

Au showing an interstitial habit with respect to sericite (SER). e. Complex 

association of altaite (ALT), hessite (HESS), petzite (PETZ), Au, chalcopyrite 

(CPY) and galena (GAL), f. Au and closely associated hessite (HESS), galena 

(GAL) and chalcopyrite (CPY) filling a fracture radiating from pyrite (PYR). 

FIG. 10. Generalized paragenetic evolution for a single, idealized sub-vein within 181 

the overall "banded vein".
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Introductory Note

This thesis comprises three major sections. Section A is an extended abstract, 

complete with key figures, designed to provide the reader with a brief overview of 

the major findings of this study. Included in this extended abstract is a short 

section on stable isotope geochemistry which is not subsequently addressed in any 

further detail. The regional geological setting of the Renabie area Au 

mineralization, the regional geochronological framework and the general 

geological relationships in the mine area are described in more detail in section B. 

The major focus of this section, however, is an in depth structural analysis of the 

major Au hosting shear zones in the Renabie area. For details of the 

characteristics of the Au mineralization itself, the reader is referred to Section C 

which examines the geometry of the Au bearing "banded" veins and the 

occurrences and habits shown by the constituent vein minerals in outcrop/hand 

specimen and in thin section. These aspects form the basis for discussion, firstly 

of the processes which may have been important in the deformation of the 

mineralization, and secondly, of the paragenetic evolution of the "banded" veins.
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FIG. 1. Location map showing regional geological selling (modified afier 

Percival, 1986).



A. Archean Au-Quartz Vein Mineralization hosted 

in a Tonalite-Trondhjemite Terrane, Renabie 

Mine Area, Wawa, North Ontario, Canada.



Abstract

Economically significant Archean Au-quartz vein mineralization in the 

Renabie area, North Ontario, is hosted entirely within tonalitic/trondhjemitic 

terrane which is marginal to a greenstone belt and constitutes a part of an 

exposed, 120 km wide (~26 km estimated true thickness) uplifted Archean crustal 

section. Mineralization shows marked structural control and is confined to 

variably oriented, brittle-ductile shear zones showing oblique shear. Host shear 

zones are superimposed on a regional foliation and appear to have formed under a 

bulk stress field which was re-oriented with respect to the stress field responsible 

for earlier regional fabric development. Strain features shown by the 

mineralization, together with evidence for reaction-enhanced ductility associated 

with hydrothermal fluid/rock interaction within shear zones indicate that 

mineralization and hydrothermal alteration were synchronous with deformation. 

"Banded" quartz vein geometries are interpreted to be the result of repeated 

hydraulic fracturing in response to fluid overpressuring, with fracture 

orientation largely controlled by shear fabric anisotropy. On the microscale, 

gangue and opaque minerals show variation in style and intensity of deformation. 

Gold and closely associated tellurides, together with galena and chalcopyrite, 

appear to be paragenetically late with respect to pyrite and fill brittle dilational 

sites which developed during shear deformation.

The 5^ 4 S data and vein mineralogy reflect the oxidised nature of the fluid 

system at Renabie. Carbonate 8 13 C and 5 18 O data suggest a close relationship 

between fluids associated with gold mineralization and more pervasive fluids 

active within tonalite remote from mineralization in the Renabie area. The 

carbonate 8 13 C data (x s - 4.2   0.2 9fco; la, n = 14) are consistent with fluid 

derivation from a magmatic source or a juvenile (i.e. mantle) source.
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The Renabie Mine, though a rather unusual TTG hosted Au deposit by virtue of 

it's size and grade, exemplifies the potential of TTG terrane-hosted Au-quartz vein 

mineralization, given the correct combination of geological conditions. "Renabie 

type" deposits should therefore be considered viable exploration targets.

Introduction, Location and General Geology

The Renabie mine, located -80 km northeast of Wawa, N. Ontario, Canada, is an 

unusual example of Archean Au-quartz vein mineralization because:

1. Mineralization lies outside the confines of a greenstone belt, being hosted 

entirely within greenschist facies tonalitic/trondhjemitic marginal components 

of the areally .extensive tonalite-trondhjemite-granodiorite material comprising 

the Wawa Domal Gneiss Terrane (see Fig. 1). Archean granite gneiss terranes 

world-wide are characterized by the occurrences of tonalite-trondhjemite- 

granodiorite suites (commonly abbreviated as TTG; Jahn et al. 1981, Martin 1986). 

The Wawa Domal Gneiss Terrane constitutes a major part of an up-thrusted section 

of Archean crust (Percival and Card 1983) exposing a 120 km wide transition from 

the greenschist facies supracrustal sequences of the Michipicoten Greenstone 

Belt, through the greenschist to lower amphibolite facies tonalites, trondhjemites 

and granodiorites of the Wawa Domal Gneiss Terrane, to the high grade gneisses, 

granulites and anorthosites of the Kapuskasing Structural Zone. The crustal 

section has been reconstructed by Percival and Card (1983) by restoring the thrust 

faulted, shallow westerly dipping crustal slab (as defined by geophysical 

modelling) to its original position, using metamorphic pressures (based on 

mineral assemblages and silicate mineral geobarometry) to estimate depth of 

burial and hence thickness of the section. The Renabie mineralization may thus 

be placed in an Archean crustal context since, in the reconstructed crustal section,

the Wawa Domal Gneiss Terrane occupies crustal levels between ~5 to 17 km,
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overlying the high grade rocks of the Kapuskasing Structural Zone (presently 

lying to the east) and intruding overlying supracrustal sequences (to the west). 

U-Pb zircon dating indicates that emplacement of the voluminous tabular 

batholiths comprising the Wawa Domal Gneiss Terrane occurred prior to ~2707 Ma. 

(Percival and Krogh 1983), representing mid-crustal intrusive activity largely 

synchronous with both formation of supracrustal sequences (2749 to 2696 Ma; 

Turek et al. 1984) and intrusion of high level, sub-volcanic stocks, e.g. the Jubilee 

Stock (-2745 Ma; Sullivan et al. 1985). Dates on volcanics (-2700 Ma; Turek et al. 

1984) and a relatively undeformed late plutonic suite (-2680 Ma; Frarey and Krogh 

1986) bracket deformation and regional metamorphism at between -2700 and -2680 

Ma..

2. Unlike several other examples of Archean Au-quartz vein mineralization 

hosted in tonalite and trondhjemite, (e.g. the Marmion Lake area of North Ontario; 

Wilkinson 1982, the Zimbabwean Craton; Mann 1984), mineralization at the 

Renabie Mine is economically significant with past-production of -5 m metric tons 

at 6.6 g/t Au and 2.1 g/t Ag. The deposit, owned jointly by Corona Corp. and 

American Barrick Resources, remains open at depth. Proven and probable 

reserves (3.5 g/t cut-off) as of July 31, 1988, are 966,792 metric tons at 7.7 g/t Au 

above the 4245' level (P. Olson, personal communication). Annual production is 

projected to be 1064 kg at a direct operating cost of US S 8.70/g (US S 270/oz; 

Northern Miner, April 18, 1988, p. 16).

Gold-quartz vein mineralization is located to the east of a northwesterly 

trending, steep southwesterly dipping metavolcanic/TTG contact (Fig. 2). The 

contact locally shows clear intrusive relationships, but is sheared on the 3105' 

level, Renabie Mine. A regional metamorphic foliation, concordant with this 

contact, is developed in both the metavolcanics and intrusive phases but with the 

easterly, tonalitic intrusive phase showing qualitatively less strain.



Major vein structures form east-west trending (e.g. Renabie vein, C zone and 

Nudulama vein) and northwesterly trending (e.g. Braminco vein) associations 

(see Fig. 2), both of which cross-cut regional foliation, but which are themselves 

cross-cut by late lamprophyre and diabase dykes. The zones comprising the east- 

west association appear not to occupy the same continuous structure but form an 

approximately linear series of discrete, shallow en echelon structures. The west- 

northwesterly to northwesterly trending orebodies within these structures exhibit 

steep westerly to west-southwesterly plunges, parallel to the dips of major 

lithological contacts (Fig. 3). Orebodies typically show elongate lenticular 

geometry in horizontal section (see Fig. 4) attaining strike lengths of up to ~220 m 

and widths of ~27 m.

Structural Control

Gold-quartz veins are confined to discrete west-northwesterly to 

northwesterly and northwesterly to north-northwesterly trending brittle-ductile 

shear zones showing steep southerly and moderately steep southwesterly dips, 

respectively. Shear strain is superimposed on the regional metamorphic foliation, 

with both shear zone orientations cross-cutting the regional foliation on a broad 

scale. Less well developed mineralized structures trend southwest and show 

moderate to steep southeasterly dips.

Net shear on the two dominant orientations is constrained from a variety of 

kinematic indicators (Figs. 5 and 6). These include asymmetry of shear foliation, 

which shows progressive rotation and intensification with respect to both 

regional foliation outside the shear zone and shear zone boundaries (Fig. 7), 

reflecting increasing finite shear strain (Ramsay and Graham 1970), shear fabric 

relationships' including C-S and C-C fabrics, and a well developed mineral stretch

lineation defined by elongate quartzo-feldspathic domains (see Fig. 6).
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Displacement is oblique, reverse (west side-up) sinistral on northwesterly to 

north-northwesterly trending shears (e.g. Braminco) and oblique, reverse (south 

side-up) sinistral on west-northwesterly to northwesterly trending shears (e.g. C 

zone, Nudulama, Renabie main zone). Displacement on subsidiary southwesterly 

trending structures appears to be minimal or may even show a weak dextral 

horizontal component. These southwesterly trending structures are well 

developed between surface and the 375' level at the Renabie Mine where, together 

with the more prominent west-northwesterly to northwesterly and northwesterly 

to north-northwesterly trending shear zones, they form a structurally complex 

association of mineralized zones (Fig. 8). Interpretation of cross-cutting 

relationships and vein asymmetry (Fig. 9) suggests that southwesterly trending 

mineralized structures represent early tensional type veins, subsequently 

displaced with a sinistral horizontal component along a north-northwesterly 

oriented shear. Both tensional veins and north-northwesterly shears were then 

displaced, again with a sinistral horizontal component, by the major west- 

northwesterly to northwesterly trending shearing event which generated the 

dominant ore hosting orientation in the area e.g. Nudulama, C zone, Renabie main 

zone (depth > 2475').

Inferred conjugate structures to the major mineralized shears (see Fig. 10) 

have been derived on the assumption that brittle-ductile shear zones developing 

in coarse grained granitic rocks under greenshist facies conditions, as observed at 

Renabie, would most likely enclose an acute angle (20) of close to 600 . The 

maximum principal stress (ai) would be expected to bisect the acute angle (Ramsay 

1986). Structural analysis (Fig. 10), based on this assumption, and taking into 

account the interpreted shear displacements, indicates that the maximum bulk 

principal stress (a i) associated with shear deformation was directed approximately 

towards the west-southwest at an inclination of between 10 0 and 30 0 . This

interpretation suggests that in the light of the north-northwesterly to
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northwesterly oriented, fairly steep southwesterly dipping regional foliation, the 

bulk stress field responsible for shear deformation was significantly re-oriented 

with respect to that active during regional foliation development.

Relative Timing of Mineralization and Shear Deformation

A number of features indicate that the shear zone hosted veining and 

associated mineralization is variably strained, and was thus introduced throughout 

all stages of deformation. These features include;

1. The prolate, west to southwesterly plunging nature of individual quartz 

lenses (cm to m scale) comprising the veins which parallel the plunge of mineral 

stretch lineations within the host shear.

2. Minor folding and boudinage of quartz veining within mineralized zones.

3. The granular, recrystallized nature of the quartz.

4. Strain features such as brecciation of pyrite, and inequant prismatic or 

tabular crystal habits exhibited by pyrite, the latter suggesting syn-deformational 

growth.

In addition, it is the preferred orientation of alteration minerals, in particular 

sericite, which to a large extent defines the deformational fabrics within shear 

zones, indicating likely syn-deformational growth. Strain softening (Ramsay and 

Graham 1970) was most likely facilitated by reaction-enhanced ductility (White 

and Knipe 1978), associated with hydrothermal fluid/rock interaction. This 

interpretation is suggested by higher finite strains i.e. C and C-C fabrics in zones 

of most intense alteration, compared with S and C-S fabrics in less altered zones. 

Such a process would require fluid activity to be synchronous with shear 

deformation.



Mineralization Characteristics

Mineralization may comprise massive, white quartz with few other mineral 

phases and poor Au values (e.g. footwall zone, 3265' level; see Fig. 4), but more 

typically forms spectacular "banded" veins comprising alternating quartz sub- 

veins (cm to m scale) and intensely altered elongate wallrock foliae (mm to cm 

scale), defining a planar fabric concordant with C and high strain S (often 

virtually indistinguishable from C) fabrics within the host shear (Fig. 11 A, B). The 

observed vein geometry is interpreted to be the result of repeated hydraulic 

fracturing associated with fluid overpressuring within brittle-ductile shear zones. 

The orientation of mineralized hydraulic fractures is largely controlled by the 

anisotropy represented by the shear fabric. Whether sub-veins formed by open 

space filling or by true "crack-seal" with characteristic antitaxial fibre growth in 

vein fill minerals (Ramsay 1980), is difficult to assess due to obliteration of 

primary fabric by superimposed deformation. The former mechanism was 

probably important in the larger sub-veins with "crack-seal" processes possibly 

occurring in minor veins. Superimposed ductile shear may have further 

accentuated the "banded" geometry. The occurrence of pyrite, carbonate, 

anhydrite and sericite as elongate, fabric parallel, cm scale marginal selvages, 

"pods" and stringers within the sub-veins may reflect a primary depositional habit 

with superimposed shearing. Marked inflation of host shears by repeated 

hydraulic fracturing and sub-vein formation associated with pressurized fluid 

injection has generated impressive mineralized widths up to ~22 m. The associated 

alteration, generally confined to the host shear zones and typically most intense 

in areas of abundant quartz veining, includes silicification, sericitization, 

carbonatization, pyritization, hematization and anhydritic alteration. On the 3265' 

level, alteration extends up to at least 20 m into the hanging wall adjacent to the

main part of the "banded" vein.
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In thin section, mineralization shows variation in style and intensity of 

deformation. Quartz shows inhomogeneous ductile (plastic) strain with narrow, 

recrystallized, high strain domains interspersed with broader, coarser grained, 

lower strain domains. Coarser grains often show weak to moderate elongation, 

discontinuous extinction, deformation bands and serrated grain boundaries 

showing local recrystallization. In contrast, pyrite, comprising -1.5 vol. percent 

of the vein material, frequently shows a brittle fracture response to deformation, 

typically occurring as elongate strings of subhedral to anhedral grains.

Chalcopyrite, galena, tellurides and associated free Au (up to 80 p.m) appear 

paragenetically coeval but together exhibit consistently paragenetically later 

positions relative to pyrite. Typical habits are; coating pyrite, filling fractures 

within brittly deformed pyrite, filling radial fracture systems within quartz (with 

fractures focussed around more competent pyrite grains; Fig. 11 C), filling 

fracture, systems in gangue, variably continuous and frequently parallel to 

subparallel with fabric in the vein, and finally as solid inclusion trails 

representing healed, mineralized fractures.

Such features suggest that chalcopyrite, galena, tellurides and Au occupy 

various brittle dilational sites. These sites may represent either primary 

depositional sites generated and filled during deformation, or secondary 

depositional sites occupied as a result of solution remobilization and/or solid state 

remobilization (especially ductile minerals) over short distances during shear 

deformation.

Gold occurs predominantly as complex intergrowths with tellurides (Fig. 

l ID) such as altaite (PbTe), hessite (Ag2Te) and petzite (Ag2AuTe), also commonly

with galena and, to a lesser extent, with chalcopyrite.
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Stable Isotope Geochemistry

The 8^ 4 S values of pyrite associated with main stage Au mineralization at 

Renabie are strongly fractionated (X = -5.7   0.9 9k?; la, n = 8), with pyrite depleted 

in 34 S (Fig. 12). Main stage anhydrite (Fig. 13) is correspondingly enriched (x = 

11.4   0.9 Voo\ la, n = 8). These data, together with the abundance of hematite and 

anhydrite, reflect the oxidised nature of the system. Possible mechanisms to 

account for the S isotope fractionation include oxidation of reduced, Au-bearing 

fluids by loss of volatile reduced species e.g. H2, H2S during phase separation 

(Spooner et al. 1986), or disproportionation of magmatic SO2 (Burnham 1979, 

Ohmoto 1986, Giggenbach 1987).

The 5 13 C values of carbonate associated with main stage Au mineralization 

(Fig. 14) define a narrow range of 1.5 per mil and a mean of -4.2   0.2 per mil (la, n 

= 14). Interestingly, 5^C values for disseminated/veinlet-fill, secondary 

carbonate from least altered tonalite spatially distant from shearing or 

mineralization (see Fig. 14), are closely comparable with a mean of -4.7   0.9 per 

mil (la, n = 6), suggesting a relationship between the fluids responsible for main 

stage Au mineralization and more pervasive fluids active within the host tonalite. 

This interpretation is corroborated by the similarity in 5^O values exhibited by 

the main stage carbonate (x = 8.8  0.8 7oo\ la, n = 14) and the secondary carbonate 

associated with least altered tonalite (x - 8.1   \.1Voo\ la, n s 6). The pervasive fluids 

may comprise autometasomatic fluid of magmatic origin, metamorphic fluids, 

fluids which diffused away from the vein zone, or a combination of these. The 

third possibility is rendered less likely by the disparity between pyrite 6^ 4 S values 

associated with least altered host tonalite/trondhjemite and those associated with 

main stage mineralization (see Fig. 12).
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The range of 5C values observed is most consistent with fluid derivation 

either from a magmatic source (Burrows et al. 1986) or a mantle source (Deines and 

Gold 1973, Ohmoto and Rye 1979).

Discussion

The Renabie Mine contrasts with many other examples of TTG-hosted Archean 

Au-quartz vein/shear zone mineralization by virtue of its size and consistent Au 

grade. Wilkinson (1982) has documented a number of Au occurrences and past- 

producing mines hosted in gneissic trondhjemites and biotite trondhjemites of the 

Marmion Lake Batholith, Atikokan area, N.W. Ontario. Au-quartz vein type 

mineralization, like that at Renabie, is hosted within shear zones and occurs at the 

intersection of northeasterly and east-southeasterly trending lineaments. 

Mineralization is generally of limited extent, though reserves of 100,635 metric 

tons at ~14 g/t Au have been reported for the Jack Lake Mine property. Mann 

(1984) also cites production of 124 metric tons Au (since 1890) from 643 "mines" 

exploiting shear zone hosted vein and stockwork type deposits associated with 

tonalitic gneisses of the Zimbabwean Craton. Once again mines are typically small. 

The "modal mine" has produced in the range of 10 - 100 kg Au and is located < 2 km 

from a greenstone-granite contact. Somewhat more impressive is the Novo Astro 

Mine, hosted within a tonalitic phase of the Archean age Guyana Craton of N. 

Brazil (de Feran and Utter 1987). Calculated reserves are 472,230 metric tons at 26.7 

g/t Au. The style of mineralization is remarkably similar to Renabie, comprising 

steeply dipping lenticular quartz veins and silicified zones within silicified, 

schistose tonalite. Zones show a down dip extension of at least 240 m and remain 

open at depth.

Key aspects of mineralization at Renabie include the remarkable vertical

continuity of the orebody and the impressive mineralized widths. A number of
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factors appear to be important in explaining why mineralization should be so well 

developed. Multiple stage Au-bearing fluid injection into an actively deforming 

shear zone system is likely to generate greater mineralized widths than single 

stage introduction of fluid. Such a process would also implicate a more extensive 

fluid reservoir. The greenstone-granite contact environment is frequently the 

locus of extensive fluid activity and possible sources of fluid, both local and distal, 

have been discussed. Interestingly, it is the zone closest to the contact (i.e. the 

Renabie mine) which is most highly mineralized. Actively deforming shear zones 

adjacent to the contact provided structures within which Au-bearing fluids were 

highly focussed. Development of shear zones (particularly those in the 

northwesterly to north-northwesterly orientation) was probably facilitated by 

pre-existing anisotropy, i.e. the regional foliation, best developed in the marginal 

trondhjemite which hosts the Renabie Mine, and was further enhanced by the 

fluid rich environment.

The Renabie Mine, whilst apparently unusual in terms of size and grade given 

its geological setting, is unlikely to be unique. "Renabie type" deposits should 

therefore be considered viable exploration targets.
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FIG. 2. Mine area geology showing the distribution of major Au-quartz veins 

(modified after Ferguson, 1968).
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FIG. 3. East-west cross section through the Renabie-C zone-Nudulama vein 

association showing characteristic orebody plunges.
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FIG. 4. Geology and orebody geometry (5 g/t Au cut-off grade), 3265' level, 

Renabie Mine.
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FIG. 5. A. Progressive shear foliation (S s ) rotation and intensification at 

Nudulama, defining a sinistral horizontal shear component. The shear plane (C) 

marks the boundary of the central high strain region of the shear zone. B. C-S 

fabric in oriented sample from Braminco #21 vein. An oblique reverse, west side- 

up sinistral shear sense is indicated.
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FIG 6. Quartzo-feldspathic mineral stretch lineation in altered trondhjemite, 

3300' level, Renabie Mine. Sample is cut; A. Perpendicular to lineation and B. 

Parallel to lineation and perpendicular to shear foliation.
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FIG. 11. A. "Banded" vein geometry, Nudularaa vein (vein is -10 m wide). B. 

"Banded" vein geometry, 3265' level, Renabie Mine. C. Hessite, chalcopyrite, 

galena and native Au filling fractures in quartz radiating from pyrite. D. Complex 

intergrowth of native Au, altaite, hessite, galena and chalcopyrite.
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mineralization, (ii) pyrite associated with minor MoS2 bearing veins which post 

date main stage shear hosted mineralization, (iii) disseminated pyrite associated 

with tonalite and trondhjemite and (iv) pyrite associated with tonalite hosted 

pegmatitic/aplitic dykes. Analyst: M.E. Patton, Isotope Laboratory, University of 

Waterloo, Ontario. Estimated uncertainity: ± 0.2 per mil (la).
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mineralization and anhydrite associated with post main stage, MoS2 bearing veins. 

Analyst: M.E. Patton, Isotope Laboratory, University of Waterloo, Ontario. 

Estimated uncertainity:   0.2 per mil (la).
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B. Structural analysis of tonalite- and trondhjemite

hosted Archean Au-quartz vein mineralization,

Renabie Mine area, Wawa, N. Ontario.
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Abstract

Economically significant, tonalite- and trondhjemite-hosted Archean Au- 

quartz vein mineralization in the Renabie area (e.g. the Renabie Mine with past- 

production/current reserves of ~6 m tonnes at 6.6 g/t Au) shows marked structural 

control. Major mineralization is confined to discrete west-northwesterly to 

northwesterly and northwesterly to north-northwesterly trending brittle-ductile 

shear zones which are superimposed on the regional metamorphic foliation 

developed in the host tonalites and trondhjemites. Net shear, as deduced from a 

variety of kinematic indicators, is oblique reverse west side-up sinistral on 

northwesterly to north-northwesterly trending structures (e.g. Braminco), and 

oblique reverse south side-up sinistral on west-northwesterly to northwesterly 

trending structures (e.g. Nudulama, Renabie main zone; depth > 2475')- Estimates of 

the stress field associated with shear deformation indicate that the maximum 

principal stress was directed towards the west to southwest at a moderately shallow 

inclination and was re-oriented with respect to that active during regional 

foliation development in the Renabie Mine area. Strain features shown by the 

shear zone-hosted mineralization, together with evidence of reaction-enhanced 

ductility associated with hydrothermal fluid/wallrock interaction within the shear 

zones, indicate that mineralization and hydrothermal alteration occurred 

synchronously with shear deformation. The characteristic "banded" vein 

appearance is interpreted to be the result of vein formation by repeated hydraulic 

fracturing associated with fluid overpressuring within the actively deforming 

brittle-ductile shear zones. Fracture orientation was largely controlled by the 

structural weakness represented by the shear fabric.
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Key factors in the development of significant mineralization at Renabie, as 

compared with other typically low grade and tonnage. Archean granitoid-hosted 

deposits, include the multiple stage nature of the mineralizing process, the 

extreme focussing of Au-bearing fluids within the actively deforming shear zones 

and the development of a number of intersecting host shear zone orientations.

Introduction

The localization of Au-quartz vein mineralization within structures related to 

deformation and the use of this relationship in exploration is now well recognized 

in Archean terranes. Some of the earliest descriptions of shear zones associated 

with Archean Au mineralization are those of Winchell and Grant (1895), Hopkins 

(1921), Cooke and Johnston (1929), James (1948) and Henderson and Brown (1966). 

In recent years there has been renewed interest in structurally controlled 

mineralization, with particular emphasis on the significance of shear zones. This 

interest has mainly come about through recognition of strain related fabrics and 

geometrical features characteristic of shear zones in Au-quartz vein deposits (e.g. 

Guha et al. 1983; Poulsen 1983; Hugon and Schwerdtner 1984, 1985; Andrews et al. 

1986; Vu et al. 1987) and has been corroborated by interpretation using up to date 

structural analytical techniques (e.g. Guha et al. 1983; Archambault et al. 1984; 

Boulter et al. 1987). Integration of this structural approach with studies of 

Archean Au mineralization has clearly demonstrated a strong -correlation between 

Au mineralization and shear zone structures. The scale of these structures ranges 

from camp scale or larger, reflecting structural patterns related to regional 

deformation, e.g. the Wabigoon sub-province of Ontario (Poulsen 1983), the Red 

Lake area, N. Ontario (Andrews et al. 1986), the Wawa area of N. Ontario (Arias and 

Heather 1987) and the Western Australian shield (Harris 1987) to mine scale
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features which often reflect more localized control due to variation in lithology, P- 

T conditions, fluid activity and stress, e.g. bedding controlled splays in the 

Cameron Lake Deposit, N. Ontario (Melling et al. 1986) and concentration of vein 

systems at the Mcintyre Mine, Ontario in dilatant zones within the "strain shadow" 

at the intersection of the western nose of the Pearl Lake Porphry with the 

Hollinger-Mclntyre-Coniaurum deformation zone (Burrows and Spooner 1986).

It is often with regard to this local, Hthological variation that reference has 

been made to the structural relationship between felsic intrusions and associated 

Au mineralization. Marmont (1983) suggests that their more brittle response to 

stress, compared with surrounding supracrustal, generates preferentially 

enhanced permeability in the form of fracture systems, typically within intrusion 

margins. Granitic lithologies may be more competent than their surrounding 

supracrustal lithologies at greenchist/amphibolite facies conditions though this 

depends largely on the mineralogy of the supracrustal lithologies, particularly in 

the case of metabasic rocks (Ramsay 1982).

The structural association of Au-quartz vein deposits with tonalitic to 

monzonitic intrusions has been documented for a number of mines and 

occurrences in both the Archean of Canada (e.g. Poulsen and Franklin 1981; 

Wilkinson 1982; Cherry 1983; Poulsen 1983; Studemeister 1983; Callan and 

Spooner 1987; Vu et al. 1987) and Zimbabwe (Mann 1984). In general, veins are 

observed to occupy brittle or brittle-ductile shear systems within the host 

intrusion. With the notable exceptions of a number of structurally controlled 

deposits hosted within intrusive stocks occurring internally to greenstone belts, 

e.g. the Lamaque Mine (Burrows and Spooner 1987) and other examples associated 

with sub-volcanic batholiths, e.g. the Belmoral Mine (Campiglio and Darling 1976; 

Vu et al. 1987), tonnages are often low and grades rather inconsistent. (Some of the 

Zimbabwe mines may be exceptions; Mann (1984) cites total production from 200
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mines in the tonalitic Rhodesdale Batholith of -123,733 kg Au, but data regarding 

size of individual mined deposits are not available).

The Renabie Mine, located ~80 km northeast of Wawa, N. Ontario is, therefore, 

unusual in that Archean Au-quartz vein mineralization, hosted within marginal 

trondhjemitic and tonalitic lithologies of the Wawa Domal Gneiss Terrane, is 

significant with past-production/current reserves of -5.5 million tonnes at 

consistent grades of 6.6 g/t Au and 2 g/t Ag, and an open orebody at depth (below 

the 4245' level; P. Olson, personal communication, 1988). Similar style 

mineralization also occurs -1.8 kms to the southeast and -1.5 kms to the east of the 

Renabie Mine, in the Braminco #21 and Nudulama veins, respectively. Both have 

been mined recently for high silica flux ore containing -4.8 to -6.6 g/t Au.

These examples provide an excellent opportunity to assess the structural 

controls on significant, economic vein-type Au mineralization hosted within an 

intrusive lithology. The association of Au-quartz vein mineralization with sheared 

granite and tonalite gneiss at Renabie was noted in the early descriptive work of 

Bruce (1942) and Huston (1947). On the basis of exploration surface mapping and 

broader scale lineament interpretation, Tremblay (1984) defined three major 

orientations of fault, with east-west and north-northwesterly trending structures 

exerting major control on the distribution of mineralization. Recent work by 

Kilias (1984), summarized by Studemeister and Kilias (1987), comprises a detailed 

wallrock alteration and fluid inclusion study but does not address the aspect of 

structural control on mineralization.

A more detailed structural investigation thus forms a key part of a broader 

petrographic, vein paragenetic, fluid inclusion, light stable isotope, 

geochronological and host lithology geochemical study of mineralization in the 

Renabie area, currently in progress at the University of Toronto. The objectives of 

this paper, which describes the results of the structural aspect of the study, are (i)
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to describe the nature of the relationship between mineralized shear zones and 

host trondhjemitic/tonalitic lithologies, (ii) to describe the geometrical and 

geological characteristics of the shear zones and of the associated mineralization, 

(iii) to present a kinematic interpretation for the major mineralized shear 

structures, (iv) to compare the stress field orientation during shear deformation 

and associated mineralization, as deduced from shear zone kinematics, with that 

operative during regional deformation and finally (v) to discuss possible reasons 

why Au mineralization at Renabie should be significant in contrast with 

occurrences of similar type, but of limited size and grade, elsewhere in the 

Archean.

Regional Geological Setting

Geological relationships

The regional geological setting (Fig. 1) is characterized by a 120 km easterly 

transition from predominantly greenschist facies metavoicanics of the 

Michipicoten Greenstone Belt to the west, through the generally greenschist to 

amphibolite facies tonalites, trondhjemites and granodiorite (TTG) gneisses of the 

Wawa Domal Gneiss Terrane (WDGT), to the northeasterly striking units of 

granulite facies paragneiss, mafic gneiss, tonalite and anorthosite comprising the 

Kapuskasing Structural Zone (Percival 1986). The eastern boundary of the 

Kapuskasing Structural Zone (KSZ) is marked by a sharp lithological, structural 

and metamorphic discontinuity - the Ivanhoe Lake Cataclastic Zone (ILCZ). The 

section is interpreted to be an oblique, Archean crustal cross-section 

corresponding to -25 vertical kilometers, which was uplifted on a northwest



dipping, east-verging reverse fault in response to early Proterozoic compression 

(Percival 1986). This crustal scale thrust is represented at surface by the ILCZ.

Archean Au-quartz vein mineralization in the Renabie Mine area can be 

placed in this Archean crustal context since it is hosted within marginal 

trondhjemitic and tonalitic components of the Missinabi Lake Batholith (MLB), 

which itself forms part of the areally extensive WDGT. The MLB, comprising a 

variety of compositions but dominated by hornblende-biotite tonalite, is thought to 

represent one of the oldest components of the WDGT on the basis of xenolithic 

inclusions derived from the MLB occurring within adjacent phases of the WDGT 

(Percival 1986).

Lying to the west, and exhibiting an embayed contact with the MLB at their 

eastern extremity, are the supracrustal of the Michipicoten Greenstone Belt 

(MGB). Based on work in the southern part of the MGB, Goodwin (1962) and Sage 

(1986) recognise three or possibly four cycles, respectively, of mafic to felsic 

volcanism, with associated clastic metasediments. The oldest cycle is capped by 

dominantly sideritic iron formation, well exposed in the Michipicoten iron ranges.

Age relationships

The geological evolution of the area has been further constrained by 

extensive U-Pb zircon dating. Volcanic eruption and associated sedimentary 

deposition in the MGB extended from at least 2749 Ma to 2696 Ma-(Turek et al. 1984). 

Synvolcanic intrusive activity occurred between 2750 Ma and 2700 Ma, with the 

emplacement of ultramafic to granodiorite bodies into the overlying 

supracrustal (Percival 1986). This event was dominated, however, by voluminous 

diapiric emplacement of tonalitic magma (presently exposed in the WDGT) below 

and adjacent to supracrustal sequences. Percival and Krogh (1983) suggest that
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transfer of heat into the upper crust was sufficient to cause greenschist and local 

amphibolite grade metamorphism of the supracrustal and may have initiated 

regional tectonism. Major deformation is well constrained between 2696 Ma and 

approximately 2680 Ma. The younger bracket is defined by a relatively 

undeformed, late to post-tectonic intrusive suite, an example of which, the Ash 

Lake Pluton (2684 Ma), is located approximately 20 km to the southwest of Renabie 

(Frarey and Krogh 1986).

U-Pb dating of zircons of metamorphic origin from high grade metamorphic 

rocks of the KSZ has yielded unexpectedly young ages. These ages suggest that 

either the Kapuskasing zone was subjected to a restricted metamorphic event 

between 2696 Ma and 2616 Ma, after overall stabilization of the Superior Province, 

or that resetting of 2700 Ma to 2680 Ma age zircons occurred through diffusive lead 

loss during protracted post-peak metamorphic cooling (Percival 1986). A late 

increment of ductile strain confined to the KSZ and observed in units tentatively 

correlateable with the 2680 Ma suite would tend to indicate a late Archean 

deformational event occurring after 2680 Ma but prior to post metamorphic 

cooling (Percival 1986). The age of major uplift of the Kapuskasing structure is 

currently poorly constrained. Indications of activity, based on the geochronology 

of fault rocks from the ILCZ (Percival 1981), alkalic rock-carbonatite complexes 

(Gittins et di. 1967) and anorthosites (Simmons et al. 1980) range from 2650 Ma to 

1000 Ma.
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Mine Area Geological Relationships

The metavolcanicl intrusive contact

The mine area geology may be broadly divided into the intrusive lithologies of 

the MLB occupying the northeasterly part of the area, and the metavolcanics of 

the MGB which occupy the southwesterly part of the area (Fig. 2). The contact 

between the intrusion and the metavolcanics trends approximately northwest and 

dips at ~500 to the southwest in the immediate vicinity of the mine, but further 

north shows a more northeasterly strike, thus defining an arcuate geometry. The 

nature of the contact is variable: an excellent exposure on the Braminco #21 road 

shows clear intrusive relationships with marginal fine grained granitic material, 

carrying mafic xenoliths, invading the adjacent mafic volcanics (Fig. 3). In 

contrast, a unique underground exposure of the contact in an exploratory drift on 

the 3105' level, Renabie Mine, shows evidence of ductile deformation in the form 

of progressive intensification of foliation within the intrusive lithologies towards 

the contact, intensified folding of aplitic and pegmatitic veins which have acted as 

passive strain markers, and development at the contact itself of a ~25 cm wide 

hybrid zone of highly foliated mafic volcanics and trondhjemite.

The contact has been offset locally by north-northwesterly to north trending 

brittle (-ductile) faults as shown by the subvertically dipping "shaft fault" in the 

vicinity of the Renabie #2 headframe. The vertical, west side--up component of 

displacement and the sinistral horizontal component of displacement are on the 

order of 180 m and 170 m, respectively. This fault may be related to a subparallel 

set of faults showing a sinistral horizontal component of movement which are 

observed to offset mineralization on certain levels underground e.g. 1400'.
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The metavolcanics

The metavolcanics to the south and west of the Renabie area have been 

described in detail by Bruce (1942), Riley (1971) and Bennett (1978). They 

comprise intermediate to felsic metavolcanics inluding ash flow tuffs, breccias and 

lapilli tuffs, together with intercalated massive to pillowed mafic flows. Units 

generally trend parallel to subparallel with the metavolcanic/intrusive contact. 

Metagabbro dykes and sills crosscut these units or show concordant contacts, often 

gradational into mafic volcanics, respectively. Feldspar and quartz-feldspar 

porphyry dykes and sills are also frequently observed. A penetrative foliation, 

concordant with the metavoicanic/intrusive contact, is developed within the 

metavolcanics. Metamorphic grade is typically greenschist but may reach 

almandine amphibolite facies within the *cl km wide contact aureole of the MLB 

(Kilias, 1984).

Intrusive phases, fabric development and contact relationships

The intrusives of the MLB, which host all currently known economically 

significant Au mineralization, comprise two main phases in the mine area: a 

marginal zone of gneissose trondhjemite varying in width between approximately 

200 m and 800 m and, to the east of this, a more melanocratic biotite-tonalite of 

unknown easterly extent. Both contain aplitic and pegmatitic -veins.

The gneissose trondhjemite is characterized by a conspicuous coarse foliation 

defined by epidote rich biotite foliae, enclosing domains of quartz and 

saussuritized plagioclase (Fig. 4a). In contrast, the biotite-tonalite typically 

exhibits a more granular texture (Fig. 4b) with a locally developed foliation of 

variable intensity. Both grain-size and compositional banding may also occur,
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possibly reflecting primary compositional layering. Similar primary 

compositional layering has been described in biotite-trondhjemite from Missinabi 

Lake by Bennett (1978). Weakly foliated examples show distinctive apple green, 

subhedral, zoned plagioclase phenocrysts up to 0.5 cm in size, exhibiting extensive 

saussuritization. Hornblende may also be present.

Orientations of foliation within the gneissose trondhjemite and biotite-tonalite 

are concordant, trending approximately 340 0 northwest with a dip of between 60 0 

and 700 to the southwest. This orientation is also concordant to sub-concordant 

with both the orientation of the metavolcanic/intrusive contact and the 

penetrative foliation within the metavolcanics. These fabrics probably reflect 

regional deformation associated with emplacement of the MLB. The concordancy 

of foliation trajectories in intrusive tonalite-granodiorite batholiths and the 

surrounding greenstones in the Archean has been described by a number of 

workers including Clifford (1972), Stephansson (1977), Ramsay (1981), 

Schwerdtner (1982), Schwerdtner and Lumbers (1982), Schwerdtner et al. (1985) 

and Schwerdtner (1986). Several mechanisms have been proposed for this 

relationship. These include ductile deformation within the batholithic complexes 

and the surrounding greenstones, either during the late stages of plutonism or 

during subsequent regional deformation when decreased ductility contrasts would 

be expected (Schwerdtner et al. 1985). Such low ductility contrasts may have 

facilitated diapiric rise of batholiths as a result of their lower density compared 

with surrounding greenstones. Other diapiric processes e.g. multiphase plutonism 

(or "polydiapirism"; Stephansson 1975) and igneous ballooning (i.e. "inflation"; 

Clifford 1972; Ramsay 1981; Schwerdtner et al. 1985) have also been proposed. In 

the latter mechanism, the concentric planar fabric often observed in batholiths, 

especially within the more marginal zones, is thought to be the result of 

hemispherical expansion and stretching of the outer shell of previously
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consolidated igneous material by renewed or continued magma input. This may be 

the case at Renabie where the more marginal zone of trondhjemite exhibits a well 

developed foliation, contrasting with the variably developed foliation in the less 

strained, more internal biotite-tonalite.

The contact relationships between the gneissose trondhjemite and the tonalite, 

best exposed underground in the Renabie Mine, show variable complexity. On the 

3105' level, the contact, oriented ~3200 northwest and dipping southwest, shows a 

sharp juxtaposition of weakly foliated, almost granular, plagioclase phenocrystic 

tonalite against coarsely foliated trondhjemite. The more complex contact on the 

1400' level is represented by a 30 m wide zone of coarsely foliated trondhjemite and 

granular tonalite, interleaved on a cm to m scale, once again with very sharp 

contacts between the two lithologies (Fig. 5a, b). Bruce (1942) also notes similar 

complex relationships on the 250' level.

The apparent differential finite strain exhibited by the closely juxtaposed 

foliated trondhjemite and the more weakly strained tonalite, together with cross 

cutting relationships where the gneissose trondhjemite/tonalite contacts are 

observed to shallowly cross-cut foliation in the gneissose trondhjemite, suggest 

that the granular tonalite represents the younger phase.

The parallelism of these contacts, in particular the interleaved type contacts, 

with the northwesterly striking, southwesterly dipping regional foliation best 

developed in the gneissose trondhjemite, suggests that this fabric may have, to a 

certain extent, controlled the emplacement of the younger, less strained, tonalitic 

phase during the later stages of regional deformation.
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Lamprophyres

Lamprophyre dykes comprise two types in the area. Foliated, chloritic, 

carbonate rich, cm scale lamprophyres, commonly observed underground, 

generally strike approximately northwest and dip either steeply or shallowly to 

the southwest. A northeast strike is less commonly exhibited. This variety cross 

cuts mineralization with local displacements across dykes on the order of a metre.

Somewhat more classical lamprophyres showing mm scale biotite platelets set 

in a dark green fine grained homogeneous matrix, are less common. Their 

relationship with the foliated, chloritic type remains unresolved. A swarm of 

these biotite rich lamprophyre dykes, showing an east-west trending, 

subvertically dipping orientation, and reaching widths of up to 80 cm, crosscuts 

the mineralization at Braminco. Interestingly, lamprophyres of this type, 

showing a very similar orientation, but also carrying rounded, granitic xenoliths 

of variable size, cross-cut the trondhjemitic Ash Lake Pluton, exposed on Highway 

651 approximately 20 kms to the southwest of Renabie. The 2684 Ma age for this 

late to post-tectonic pluton (Frarey and Krogh 1986) provides a maximum age 

estimate for some of these east-west trending lamprophyres. Bennett (1978) has 

also tentatively identified xenoliths of the Ruby Lake monzonite, another late to 

post-tectonic stock, within biotite rich lamprophyre.

Diabase dykes

Northwest to north-northwest trending diabase dykes up to 40 m in width form 

conspicuous features in the mine area, often showing exaggerated relief compared 

with the main intrusive lithologies. These dykes are observed to cross-cut 

mineralization, generally with minimal displacement (e.g. Nudulama; 1400' level,
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Renabie Mine), and are locally crowded with zoned plagioclase phenocrysts up to 

10 cm in diameter. On the 3235' level, cross-cutting relationships between a ~30 cm 

wide plagioclase phenocrystic diabase dyke and a foliated, chloritic lamprophyre 

indicate that the diabase post-dates this variety of lamprophyre. The field 

relationship of the diabase with the biotite rich variety of lamprophyre dyke is 

unknown.

The northwesterly to north-northwesterly trend of the diabase dykes in the 

Renabie area indicates that they probably belong to the Hearst dyke swarm, 

occurring to the west of the Kapuskasing structure. Their orientation and 

composition, together with paleomagnetic data (Ernst and Halls 1984), suggests 

similarities with the Matachewan dyke swarm dated at 2633   75 Ma ( Gates and 

Hurley 1973).

Au-quartz Vein Distribution

All currently known, economically significant Au mineralization is hosted 

within the trondhjemitic and tonalitic phases of the MLB. Au bearing quartz veins 

appear to form two distinct trends (see Fig. 2).

The dominant, east-west trend is well exemplified by the linear Renabie-C 

zone-Nudulama vein association, with known mineralization extending up to 1.6 

km into the intrusion. Whether this association reflects a continuous structural 

feature remains unclear. Individual veins comprising the association appear to 

show some rotation away from the structural trend towards a more northwesterly 

orientation at their terminations, thus defining very shallow sigmoidal 

geometries. This observation may indicate that mineralization occupies discrete 

but geometrically associated, shallow en echelon structures. Diamond drilling in 

the poorly exposed areas between the major veins has, so far, failed to define the
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continuity of any obvious structural feature. A similar east-west trend, again 

exhibiting a high angle relationship with the metavolcanic/intrusive contact, is 

exhibited by the Frontenac and Frontenac Extension veins in the northern part of 

the area.

The less well developed northwesterly trend is shown by the Braminco #21 

vein to the south of the Renabie Mine (see Fig. 2). It is interesting to note that 

minor west-northwesterly trending vein structures are locally present to the 

southeast of the main Braminco #21 vein.

Both these major trends are observed to cross-cut the regional foliation within 

the host trondhjemite and tonalite.

The close similarity in style of mineralization observed in the east-west and 

northwesterly structural trends suggests that Au-quartz veins were formed during 

the same mineralizing event. In both cases, mineralization takes the form of 

"banded" veins (up to 30 m wide and typically focussed in the most highly strained 

regions of the shear zones) which comprise alternating shear fabric-parallel, Au- 

bearing, quartz-pyrite sub-veins and highly altered wallrock foliae (Callan and 

Spooner 1987). The possible structural relationship between the two mineralized 

trends is discussed further below.

Ore Zone Geometry

Ore zone geometries within the Au-quartz vein deposits in- the Renabie area 

show variable complexity, ranging from relatively simple forms (e.g. Braminco, 

Nudulama, C zone, Renabie main zone at depths greater than 2475'), to complex 

three dimensional geometries exhibited by the Renabie main zone at depths less 

than 2475'.
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The Nudulama and C zone orebodies show elongate, lenticular geometries in 

horizontal section, striking west to west-northwest, with dips to the south of 

between 700 and 800 . Dimensions are 156 m by 20 m and 220 m by 21 m, 

respectively. These zones are characterized by a consistent, westerly plunge of 

approximately 500 (Fig. 6). Their down-plunge extensions have been intersected 

on the 1400' level at which point mineralized widths are markedly diminished ^ 10 

m). Poor Au grades render these ore shoots sub-economic below the 675' level, 

however.

The plunge of the main Renabie ore zone is concordant with the other 

members of the east-west trending association. The remarkably continuous 

orebody exhibits a consistent plunge of 500 to 550 in a west to west-southwesterly 

direction, paralleling the metavolcanic/intrusive contact. Data from between the 

3265' and 3415 1 levels suggest that the plunge may have shallowed to 

approximately 300 to 380 ; the dip of the metavolcanic/intrusive contact is 

unknown at these levels, however.

At depths greater than 2475', the orebody is dominated by a vertically 

persistent pipe, crudely elliptical and exhibiting variable dimensions in plan 

view. The orebody strikes northwest and dips at approximately 600 southwest. 

Dimensions on the 3105' level are 45 m by 18 m, expanding to 160 m by 27 m on the 

3300' level. The main pipe is accompanied by subsidiary pipe-like bodies which 

are vertically and laterally more discontinuous, often anastomosing with each 

other or with the main pipe.

At higher levels, the Renabie orebody generally comprises a more complex 

association of discrete ore zones. Simple compilation of ore zone trends (Fig. 7) 

between the 125' and 1400' levels shows three dominant trends; northwest to west- 

northwest, north-northwest and west to west-southwest. Zones typically lack any
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substantial vertical continuity and are generally elliptical in horizontal section. 

Zones may also change direction along strike.

On certain levels (e.g. the 925' and 1400' levels) apparently once continuous 

ore zones have been transected and offset with a sinistral horizontal sense of 

displacement along a north-northwest trending set of late, brittle (-ductile) 

shears. Redistribution of ore material during this later event has, in some cases, 

localized pockets of high grade ore along the shear (e.g. the 800' level; see Fig. 7). 

This mechanism provides one possible explanation for the distinctive sigmoidal 

geometry of the ore zone on the 125' and 250' levels. Analogous geometry is 

exhibited by the well exposed Frontenac Extension Vein where a late north- 

northwest trending brittle (-ductile) shear with a sinistral horizontal sense of 

displacement has imparted a well defined sigmoidal geometry to the vein structure.

The northwesterly trending Braminco #21 ore zone exhibits an elongate, 

dagger shaped geometry, dipping to the west at approximately 55 0 , and showing a 

strike length of -80 m. The increase in mineralized width to approximately 12 m at 

the southern end of the zone reflects the bifurcation of the vein structure. The 

hinge of this bifurcation and the ore zone as a whole plunge at ~350 to the west- 

northwest.

Ore zone continuity is also disturbed by the late cross-cutting lamprophyre 

and diabase dykes described earlier.

Shear Zone Control on Mineralization

Shear zones are the dominant structural control on Au-quartz vein 

mineralization in the Renabie area. All the major orebodies are hosted within 

these structures.
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Shear zones comprise narrow subparallel sided zones in which high strain 

concentrations, relative to the surrounding rocks, are localized (Ramsay 1980). 

They may be broadly classified into three types; ductile, brittle-ductile, and brittle, 

based on the relative importance of ductile and brittle processes. Each type is 

characterized by specific geometrical features (e.g. Hugon and Schwerdtner 1985; 

Poulsen 1986) though temporal evolution of the shear zone in response to changes 

in pressure, temperature, fluid or strain rate conditions may result in 

superimposition of features characteristic of different types of deformation.

The various shear zones hosting mineralization in the Renabie area have 

many features in common. These features have been combined into a generalized 

shear zone model, which is described below. The model is followed by more 

detailed descriptions of these features within specific zones.

Generalized Shear Zone Model

Shear zones hosting mineralization typically show evidence of both ductile 

and more brittle deformation. In general, the shear zones are characterized by a 

variety of shear fabrics which contrast with the external regional foliation (S m ) 

due to the superimposed increment of shear strain (Fig. 8). Foliation within the 

shear (S s ) is progressively rotated and intensified towards the centre of the shear

(Fig. 9a, b), reflecting increased finite ductile shear strain (e.g. Ramsay and 

Graham 1970; Ramsay 1980), and culminates in a broad, high- strain zone, central 

to the shear zone, typically bounded by planes of shearing, or C planes (Berthe e t 

aL 1979). Well developed C-S fabrics (Berthe et al. 1979) may be observed at the 

margins of this high strain zone, (e.g. at Braminco and in the C "west" zone; Fig. 9c, 

d). The remarkably short distance over which rotation of S s occurs is generally

less than 2 m. This distance varies between different shears, but is fairly constant
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within an individual shear zone. The central high strain zone (Fig. 9e, O is 

characterized by a foliation comprising a high strain S fabric on which has been 

superimposed closely spaced shear (C) planes parallel to the shear zone 

boundaries. C and S surfaces are essentially indistinguishable in areas of highest 

strain with S surfaces likely to have been re-activated as C surfaces (Berthe et al. 

1979). At Renabie, Au-quartz vein mineralization and the associated intense 

alteration is typically confined to this broad, central high strain zone.

Concurrent with development of the shear foliation is the development of a 

quartzo-feldspathic mineral stretch lineation, contained within the shear foliation 

(Fig. lOa, b). This lineation is best observed in lower strain regions marginal to 

the high strain regions. This linear fabric also shows a progressive 

intensification and change in orientation towards the high finite shear strain 

region in the centre of the shear zone. Brittle lineations in the form of striations 

on sericite rich shear (C) planes within the high strain regions plunge parallel 

with the ductile lineations. Similar relationships between ductile and brittle 

lineations have been described by Poulsen (1986) from auriferous shear zones in 

the Western Shield.

The orientation of the mineral stretch lineation is parallel to the finite 

maximum extension direction, Xf, of the finite strain ellipsoid, whilst shear 

foliation is coincident with the XfYf surface of the finite strain ellipsoid (Ramsay 

and Graham 1970; Ramsay 1980). The angle (0) between the foliation and the 

shear zone boundary, when viewed in a plane parallel to lineation, but orthogonal 

to foliation (i.e. the XfZf plane of the finite strain ellipsoid), is a function of shear

strain, becoming more acute as shear strain increases. The increase in shear 

strain towards the centre of the shear zone typically results in a sigmoidal 

foliation within the shear (Ramsay and Graham 1970), as observed in the examples 

at Renabie.
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The moderately steep plunge of mineral stretch lineations in mineralized 

shear zones in the Renabie area results in poor exposure of the ideal plane for 

interpretation of true shear sense (i.e. the XfZf plane - perpendicular to foliation

but parallel to lineation) since neither horizontal surfaces (i.e. mine backs and 

outcrop surfaces) nor vertical surfaces (i.e. mine walls) represent this plane. This 

problem has been overcome by deduction, where possible, of horizontal and 

vertical components of shear, together with the cutting of oriented samples 

parallel to the XfZf plane.

Deduction of shear displacement from offset aplitic and pegmatitic dykes 

within the host trondhjemite and tonalite is precluded since their density is such 

that reliable correlation across the shear is virtually impossible. In some cases 

however, passive rotation of dykes into the shear zone and subsequent boudinage 

of incorporated material may be used to deduce shear sense.

Asymmetry of minor folds, developed in aplitic/pegmatitic material 

incorporated into shears (Fig. lOc) and in shear hosted quartz veins/stringers 

(Fig. lOd), is generally most reliable as an indicator of shear sense when viewed on 

the XfZf plane in regions of shear zones exhibiting lower finite shear strains. 

Minor folds observed on other surfaces, and at high strains, were therefore only 

used in conjunction with other, more reliable kinematic indicators.

Braminco #21 Vein 

Shear orientation

The Braminco #21 main shear (Fig. 11) is oriented at ~SW 5573260 , dipping 

more shallowly than the regional foliation in the host gneissose trondhjemite, and 

trending more northwesterly than the regional fabric.
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Shear fabrics

At Braminco, progressive rotation and intensification of shear foliation (S s ) 

may be observed in outcrop, with both reverse vertical and sinistral horizontal 

components of shear being clearly defined. The equal area projection shown in 

figure 11 shows that shear foliation is progressively reoriented from NNW 

83 07341 0 at infinitesimally small, finite shear strains (i.e. essentially parallel to 

regional foliation) to NW 5407323 0 within the central high finite shear strain 

region hosting mineralization. Fabric within the high finite shear strain region 

is dominated by a C fabric, comprising densely packed, sericitic C planes parallel to 

the shear zone margins (see Fig. 9e). As discussed previously, some of these 

probably represent reactivated S surfaces. The progressive increase in density of 

the C planes with increasing shear strain may be observed in the hanging wall of 

the Braminco #21 shear, with the region of the shear marginal to the high finite 

strain region showing a well developed C-S fabric. The C planes are often occupied 

by mm scale quartz-tourmaline veinlets.

Mineral stretch lineations, oriented WNW 42 072820 , are defined by elongate 

quartzo-feldspathic domains contained within the foliation plane. A weak sericitic 

lineation is also observed on C surfaces.

These observations indicate an oblique reverse, W side-up, sinistral net shear 

displacement, with the thrust component being greater than the sinistral 

transcurrent component. This interpretation is corroborated by a set of parallel, 

subsidiary shears within the hanging wall of the main mineralized shear which 

show shear foliation asymmetry identical to that observed in the main shear, 

together with well developed C-S fabrics which are consistent with the deduced 

displacement on both the subsidiary and main Braminco #21 shears.
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Minor folds in the C fabric within the central high strain zone show both S 

and Z asymmetry and are of little use in determining shear sense.

Nudulama and C Zones

The Nudulama and C zones are generally well exposed at surface though 

accessibility has recently been restricted due to removal of open pit floors by 

blasting from the 125' and 250' levels. Detailed surface mapping of the C zone is 

restricted to the 34 m long mineralized westerly strike extension of the C zone 

known as the C "west" zone. The Nudulama east and west pits (Fig. 12) were mapped 

prior to removal of the floors.

These two zones show very similar structural styles as would be expected in 

view of their analogous overall geometries.

Shear orientation

Both the Nudulama and C zones show variation in trend along strike, typically 

exhibiting subtle sigmoidal forms, particularly at surface. Strike at Nudulama 

wanders from ~2800 northwest in the east, through ~2700 west to ~283 0 northwest 

at the western extremity. Dips are southerly and vary from 760 to 800 . The C zone 

exhibits almost identical changes in strike, dipping to the south at between 66 0 and 

800 . Some degree of irregularity would be expected, particularly in view of the 

quite pronounced lateral pinch and swell, though the recurrence of the sigmoidal 

geometry suggests that this irregularity is not random. It may be possible that 

shear zones are slightly "refracted" into a more northwesterly orientation by the 

northwesterly to north-northwesterly regional foliation at their apparent strike 

extremities.
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Shear fabrics

Shear foliation (S s ) asymmetry viewed on the horizontal outcrop surface in 

both the C "west" zone and Nudulama zone clearly indicates a sinistral horizontal 

component of shear (see Fig. 9a). The lack of vertical outcrop surfaces exposing 

the typically narrow, marginal, lower finite strain regions of shears, where shear 

foliation rotation and intensification are best observed, precludes deduction of the 

vertical component of shear. However, shear foliation asymmetry observed in 

oriented, cut samples from the Nudulama zone footwall indicates oblique reverse, S 

side-up sinistral displacement on the Nudulama shear. This deduction is 

corroborated by the development of shear bands corresponding to C and C' within 

the footwall zone of the shear. The sense of movement on the small scale shear 

bands (C) is such as to cause a component of extension along the C fabric. 

Structures of this type may thus be termed extensional crenulation cleavage (Platt 

and Vissers 1980). Shear band orientation and sense of displacement are 

consistent with oblique reverse, S side-up sinistral shear.

The extensively mineralized and hydrothermally altered central regions of the 

Nudulama and C zone shears are dominated by a C fabric. This C fabric is itself of 

little value in constraining net shear displacement, but C-S fabrics in less strained, 

oriented cut samples from the C "west" zone again indicate an oblique reverse, S 

side-up sinistral displacement (see Fig. 9d). The inhomogeneous distribution of 

finite shear strain in the C "west" zone is reflected in a number of elongate 

lenticular lithons of less strained tonalite, enclosed within narrow domains of 

more highly strained tonalite. Shear foliation in the narrow, high strain areas is 

generally parallel with the west trending shear zone margins, whilst foliation in 

the less strained lithons typically shows a more west-northwesterly trend.
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Mineral stretch lineations, defined by elongate quartzo-feldspathic domains, 

plunge ~W 48 07278 0 and ~W 52072670 in the Nudulama and C "west" zones, 

respectively, and indicate oblique slip. More brittle lineations comprising 

striations on sericite rich C surfaces are also observed at Nudulama and in the 

main C zone. Plunge is to the west, parallel with ductile lineations within the 

shears. These westerly dipping lineations associated with these steep, southerly 

dipping shear zones showing a well defined sinistral horizontal shear component 

are consistent with a reverse vertical component of shear. At Nudulama, 

molybdenite, locally intergrown with sericite, forms elongate smears on the 

foliation plane parallel with the slip direction inferred from brittle striation 

lineations. More shallow westerly plunging striations, locally developed in the 

main C zone, suggest that some late brittle reactivation may have been of a 

predominantly strike-slip nature.

Incorporated aplite and pegmatite dykes

In the C "west" and Nudulama zones, aplitic and pegmatitic material 

incorporated into the shears has been folded and boudinaged. As noted by Poulsen 

(1986), the type of deformation exhibited by these incorporated dykes is largely 

dependent on their initial orientation with respect to the bulk strain axes within 

the shear zone. At Nudulama, approximately northwesterly trending aplitic and 

pegmatitic dykes show progressive passive rotation with increasing shear strain 

into parallelism with the C fabric in the central high strain region of the west- 

northwesterly trending shear zone. The sense of rotation implies a sinistral 

horizontal component of shear. In some examples dykes are then observed to 

undergo further extension within the shear and become boudinaged. Given the 

inferred sinistral horizontal component of shear, northeasterly trending dykes

55



would be expected to undergo bulk shortening in a horizontal sense during the 

initial stages of shear deformation, with development of buckle folds. Folds of this 

type are observed in the C zone (see Fig. lOc), though there is no evidence as to the 

original orientation of the dykes. Buckle fold asymmetry is consistent with a 

sinistral horizontal shear component.

The Frontenac Extension Vein

This vein is located ~1.1 km to the northeast of the Renabie main zone and 

appears to represent the easterly extension of the west-northwesterly trending 

Frontenac Vein lying approximately 300 m to the west. The Frontenac extension 

vein (Fig. 13) shows virtually identical features to the other west-northwesterly to 

northwesterly trending veins comprising the Renabie-C zone-Nudulama 

association. These include the development of a shear foliation defining a sinistral 

horizontal component of shear and a central mineralized and hydrothermally 

altered high strain zone exhibiting a C fabric. Mineral stretch lineations 

associated with ductile shear, together with more brittle lineations including 

quartz rodding, plunge W 4607263 0 .

Of particular interest, however, is the sigmoidal geometry defined by the vein 

in plan view as shown in figure 13 This geometry is the result of 18 m of sinistral 

horizontal displacement of the vein structure along a northwesterly to north- 

northwesterly trending, southwesterly dipping brittle (-ductile). shear. The vein 

itself is rotated quite sharply into the orientation of the crosscutting shear with 

the sense of asymmetry clearly indicative of sinistral horizontal displacement. 

Mineralization is redistributed as minor quartz lenses along the northwesterly to 

north-northwesterly shear.
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This structural geometry is virtually identical to that displayed on certain 

levels in the Renabie main zone (e.g. 800' level) where the west-northwesterly 

trending ore zone is rotated and offset with a sinistral horizontal component of 

displacement along a late north-northwesterly oriented brittle (-ductile) shear.

The Renabie Main Zone

As discussed above, the Renabie main zone exhibits highly variable ore zone 

geometrical complexity. From the 2475' level down to current mining levels (3415' 

and 3455' levels), the orebody shows a relatively straightforward geometry, very 

similar in style to that shown by the Nudulama zone. The strong shear zone 

control observed at Nudulama and in the other zones described above, has resulted 

in orebodies with geometrical characteristics which reflect very closely the 

geometries of the hosting shear zones. This marked control is also likely to be the 

case for the Renabie main zone where the positions of shear zone boundaries are 

generally less well constrained.

Underground mapping to date has focussed on the Renabie main zone between 

the 3105' and 3415' levels, where the orebody has been accessed by recent mining 

activity. The geometrically more complex ore zones above the 2475' level are now 

largely inaccessible, however, and much of the work on these zones is based on 

interpretation of existing geological level plans.

The following discussion will concentrate, therefore, on the structural 

characteristics of the main zone below the 3105' level. The geometrically more 

complex upper levels will then be addressed, looking in particular at the 125', 250', 

and 375' levels where this complexity is well developed.
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Shear zone orientation (depth > 2475')

Host shear zone orientation can only rarely be measured underground since 

on many sublevels development drifts do not penetrate the shear zone boundaries. 

In detail, the shear zone boundaries, where exposed, show variable strike and dip. 

Orientation of the hangingwall and footwall contacts on the 3105' level are SW 

52073280 and SW 86073040 , respectively. On the 3265' level the footwall contact of 

the shear is oriented SW 4007305 0 , whilst an excellent exposure of the hangingwall 

contact in a slot on the 3335' level shows a hangingwall orientation of S W 

7407285 0 . Where shear zone contacts are not exposed, an approximation to the 

orientation of the shear zone may be derived based on the "enveloping" 

relationship between the shear zone and the enclosed orebody observed in 

examples where shear zone boundaries are well exposed (e.g. C zone, Nudulama). 

This approach indicates a trend of approximately 3000 NW, though clearly the 

orientation will be expected to vary, as noted in the above measured examples, 

given the tendency of these structures to develop quite pronounced vertical and 

lateral pinch and swell. Care is also required in this approach since the orebody 

(defined by a ~5 g/t cut-off grade) generally occupies the hanging wall part of the 

vein/shear zone with much of the footwall part of the vein/shear zone being sub- 

ore grade. The footwall extent of the shear zone is therefore greater than is 

indicated by consideration of the orebody alone as shown on the 3265' level (Fig. 

14). A vertical section constructed perpendicular to orebody strike between the 

2955' and 3300' levels is shown in figure 15. Shear zone contacts have been located 

as far as possible using underground mapping data. Interpolation and 

"enveloping" relationships have only been used where more exact data are not 

available. The hanging wall contact dips fairly consistently at about 49 0 whilst the 

footwall contact exhibits a somewhat more irregular dip.
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Shear fabrics

Underground development generally exposes only the high finite shear strain 

region of the shear zone which hosts ore grade mineralization. This extensively 

hydrothermally altered, high strain region is characterized by a southwesterly 

dipping foliation, containing a well developed, westerly plunging mineral stretch 

lineation.

The mineral stretch lineation is defined by elongate, haematized rod-shaped 

domains of quartzo-feldspathic material sheathed in secondary sericite. This 

lineation is typically sub-parallel to parallel with the plunge of the orebody, 

showing a westerly plunge of approximately 500 , though lineation orientation 

below the 3105' level shows a consistently shallower plunge in the range 300 to 400 

(e.g. W 3007263 0 on the 3265' level). The orientation of the ductile mineral stretch 

lineation indicates that displacement on the shear zone hosting the main ore zone 

was of an oblique nature.

Shear foliation in the main zone at Renabie is defined by sericitic foliae 

showing mm scale spacing, enclosing quartzo-feldspathic domains. More 

prominent sericite rich planes (C planes), parallel to subparallel with the shear 

foliation, frequently show a striated appearance reflecting shear in a direction 

parallel to that indicated by the ductile quartzo-feldspathic mineral stretch 

lineation. On the 3265' level the shear foliation is oriented ~SW 50073000 . This 

orientation is sub-concordant to concordant with the measured shear zone footwall 

boundary and also with the inferred orientation of shear zone boundaries. These 

observations suggest that the fabric most likely represents a C-S fabric where 

high finite shear strains have resulted in close parallellism between the S
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surfaces and the C planes (Berthe el at. 1983). S surfaces are most likely to be 

preserved in areas of lower finite shear strain towards the shear zone margin.

Obliquity between the orientation of fabric internal to the shear zone and the 

orientation of the shear boundaries, when viewed in the horizontal and vertical 

sense, may be used to constrain sense of displacement in shear zones showing 

oblique net shear (e.g. Guha et al. 1983). In the Renabie main zone below 3105', 

slight obliquity in the vertical sense between planar fabric elements which are 

subconcordant with shear zone boundaries (i.e. C-S or S planes) is indicative of a

reverse component of displacement (see figure 15b). In plan view, however, 

foliation commonly shows a more concordant relationship with inferred shear 

zone boundaries. Obliquity is generally not sufficiently distinct for clear 

inferences to be made regarding the horizontal shear component. However, the 

lineation orientation and the reverse vertical shear component constrain the 

horizontal shear component to be of a sinistral nature. The greater degree of 

parallelism between fabric and shear zone boundaries in horizontal section would 

suggest that the horizontal component of shear is greater than the vertical 

component. This interpretation is corroborated by the measured plunges of 

lineations which are typically in the range of 300 to 400 .

A cross-cut on the 3335' level shows foliation within the lower finite shear 

strain region being progressively re-oriented over ~3 m from SW 56 07328 0 in the 

unaltered trondhjemite, to SW 7407285 0 at the shear plane bounding the high 

strain zone. Fabric in the high strain zone at this locality shows a foliation 

oriented SW 75 072900 (i.e., sub-parallel with the contact) with a mineral 

stretching lineation plunging at ~W 54072820 . This re-orientation defines a 

sinistral horizontal shear component, but also a normal vertical component. The 

latter is incompatible with the very well developed W plunging mineral stretch 

lineation and the sinistral horizontal shear component indicated by the foliation
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re-orientation, which together are strongly suggestive of reverse, sinistral, 

oblique slip. It is interesting to note that an identical phenomenon occurs on the 

1400' level. Regional foliation trending SW 77 07352 0 is rotated in a sinistral 

horizontal sense and progressively steepened in the vertical sense to SW 85 072740 , 

concordant with the shear which hosts the west trending D (E) orebody.

Two points are important when considering this apparent inconsistency. 

Shear foliation (S s ) in the shear zones does not reflect shear strain alone, as is 

observed for example where shear deformation is imposed on an initially 

unstrained, homogeneous medium, but represents modification of an earlier strain 

increment (i.e. the regional foliation, S m ) through superimposition of shear 

strain (Fig. 16). The orientation of the net shear direction (300 to 500 W, as deduced 

from ductile and brittle lineations) with respect to the dip of the well developed 

regional foliation (~700 SW) on which shear deformation is superimposed, is such 

that shear strain is most easily accommodated by modification of S m to a shape 

which would indicate a well defined sinistral horizontal component of shear, but 

also a misleading "normal" vertical component (see Fig. 16). The dominant 

sinistral strike-slip component of shear would actually tend to enhance the 

apparent "normal" sense exhibited by the modified regional foliation.

Structural Interpretation of the 125', 250' and 375' Levels

As shown previously in figure 7, ore zones in the upper (depth < 2475') levels 

of the Renabie main zone exhibit three dominant trends, reflecting closely the 

trends of host shear zones. The north-northwesterly trend predominantly reflects 

the redistribution of mineralization along a number of prominent late, north- 

northwesterly to northerly trending faults which typically offset the west to
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southwesterly and west-northwest trending orebodies. These faults have been 

described with reference to the Frontenac Extension vein.

West-southwesterly and northwesterly trends are generally clearly defined on 

levels above 2475'. These trends may be locally modified by flexure of the host 

shears where they are transected by late north-northwesterly trending faulting. 

Some northwesterly trending shears also show a tendency to swing to a more west- 

northwesterly trend.

The two trends are particularly well developed on the 125', 250' and 375' levels 

of the Renabie main zone (Fig. 17). Individual ore hosting shears are vertically 

continuous and may be correlated between levels thus allowing determination of 

dip on these shears as shown in figure 16. Northwesterly trending, southwesterly 

dipping structures form the dominant orientation. This orientation is closely 

analogous to the Renabie main zone below the 2475' level, the C zone and the 

Nudulama zone. Plunges are similarly analogous: the B zone, hosted in a 

northwesterly trending, southwesterly dipping structure plunges at 

approximately 500 to the west (Ferguson 1968), whilst the A zone forms a discrete, 

continuous pipe-like body plunging to the west at 420 (Bruce 1942). Southwesterly 

trending structures are less well defined and show steep northerly dips (e.g. E 

zone) and moderately steep southerly dips (e.g. B "north" zone). As shown on the 

equal angle projection in figure 17e, orientations of the northwesterly 

trending/southwesterly dipping and southwesterly trending/southeasterly 

dipping structures are consistent with interpretation as conjugate shears. The 

northerly dip shown by the E zone is problematical, however.

A detailed look at the ore zone geometry on the 250' level (Fig. 18) shows that 

Au-quartz mineralization within the B zone generally forms shear foliation 

parallel, lenticular bodies which are locally quite irregular. Mineral stretch 

lineations within the northwesterly trending, southwesterly dipping host shear
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zone plunge to the west at between 470 and 580 indicating oblique slip. A sinistral 

horizontal component of shear is suggested by a well delineated shear foliation 

rotation from S W 58 073420 to vertical/2760 . Net shear displacement would 

tentatively be interpreted to be reverse, oblique sinistral, as shown by the 

similarly oriented shear zones described so far.

Of particular interest on the 250' level is the apparent cross-cutting 

relationship between the northwest trending B zone hosting shear and the 

southwesterly trending B "north" zone structure. Offset of approximately 18 m 

between the B "north" zone structure and the southwesterly trending vein 

structure to the south of the B zone shear shows a sinistral horizontal sense which 

is corroborated by the asymmetry of the vein structures (see figure 18). The B 

"north" zone therefore appears to have been once contiguous in some way with 

the rather enigmatic northwesterly to north-northwesterly trending D zone. The 

D zone swings into a more planar southwesterly trend on the 375' level.

A possible explanation for the complex geometry exhibited on these levels is 

illustrated in figure 19. Early southwesterly trending structures formed as 

tensional veins which opened parallel to the inferred 0i direction (Fig. 19; STAGE

1). Examples of these structures include the B "north" zone and possibly the E 

zone. A tension gash origin is supported by the very sharp crosscutting 

relationship between north-northwesterly trending regional foliation and the 

vein structure. Very little modification of the regional fabric indicates a minimal 

superimposed increment of shear strain, though minor folding in the vein 

together with striations on quartz lenses indicates that these veins were subjected 

to some later deformation. These features may be observed in the surface outcrop 

of the B "north" zone and on the 250' level.

Southwesterly trending vein structures were then offset in a sinistral 

horizontal sense by northwesterly to north-northwesterly trending,
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southwesterly dipping shear zones, perhaps analogous to the Braminco #21 shear 

zone (Fig. 19; STAGE 2). This early north-northwesterly shearing event is distinct 

from the late north-northwesterly brittle (-ductile) shearing which offsets all 

orientations of mineralized shears as well as lithological contacts. The late north- 

northwesterly faulting shows only minor ductile behaviour, narrow widths 

(typically < 1m) and generally poor mineralization (c.f. Braminco).

Finally, northwesterly to west-northwesterly trending shearing, showing a 

sinistral horizontal component of shear, displaced and deflected both the 

southwesterly trending tensional veins and the northwesterly to north- 

northwesterly trending shears (Fig. 19; STAGE 3). This final shearing event was 

responsible for generating the dominant shear zone orientation, also exemplified 

by the northwesterly to west-northwesterly trend of the Renabie main zone, C 

zone and the Nudulama zone. It is frequently this orientation of shear zone which 

hosts the most economic Au-quartz mineralization.

Another possibility is that the sigmoidal ore zone geometry which is 

particularly apparent on the 125' level is the result of sinistral horizontal 

displacement along a late northwesterly to north-northwesterly brittle (-ductile) 

shear in a structural style similar to that shown by the Frontenac Extension Vein 

and the Renabie main zone, 800' level. This interpretation is far less likely since, 

on the 250' level, there is no expression of a northwesterly to north-northwesterly 

trending late fault continuous with the D zone to the north of the B zone. In fact, 

the northwesterly trending B zone would be expected to be offset sinistrally on 

any existing late brittle (-ductile) fault of this type. This is not the case since 

underground observations indicate that the B zone shear forms an uninterrupted, 

northwesterly trending structure.

Why this complex association of shear zones was developed in the upper part 

of the Renabie main zone and not in the mineralized zones to the east may be
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related to differences in host rock competency resulting from the type of 

lithology, better developed structural anisotropy, and enhanced fluid activity at 

the intrusive margin. These factors will be the subject of further discussion.

Summary of Shear Zone Kinematics/Stress Field Deduction

The weight of current evidence from structural mapping and geometrical 

consideration of the Renabie main zone (both at depths greater than 2475' and in 

the more complex upper levels), the C and C "west" zones and the Nudulama zone 

would favour a reverse south side-up, oblique sinistral displacement on the 

predominant ore hosting, west-northwesterly to northwesterly trending shears 

within the east-west association. Subsidiary southwesterly trending mineralized 

structures are most likely to represent early tensional veins which were 

subsequently deformed during a late phase of shear zone development, as shown 

in the geometrically more complex upper parts of the Renabie main zone.

The orientation of these southwest trending tensional vein features, together 

with the reverse south side-up, oblique sinistral displacement indicated by planar 

and linear fabrics within ore hosting shear zones indicates that the maximum 

principal stress associated with shear deformation was most likely oriented 

towards the west to southwest at a moderate plunge.

Similarly, well constrained shear zone displacement on the northwest 

trending, southwesterly dipping Braminco #21 shear zone indicates that a i was

again directed towards the west at a moderate to shallow plunge.

Principal stress orientations for the major zones studied are shown in figure 

20. In the absence of conspicuous conjugate structures to the main ore hosting 

shears, approximations of conjugate shear orientations have been derived based 

on a number of assumptions. Under greenschist facies conditions, conjugate shear
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systems exhibit ductile to semi-brittle behaviour, as observed at Renabie. Under 

these conditions conjugate shear zones typically enclose an acute angle (26) of 

between 60 0 and 900 (Ramsay 1986). Given the notably low ductility of coarse- 

grained granitic rocks during deformation under greenschist facies conditions, 

the value of 29 may be expected to be at the lower end of this range. Therefore, in

constructing the principal stress orientations an angle of 60 0 has been taken. In 

shear zones showing semi-brittle behaviour the maximum principal stress, a i,

generally bisects the acute angle between conjugate shears (Ramsay 1986). This 

orientation of CFi is consistent with deduced net shear displacements at Renabie.

This point is interesting in the case of the markedly inflated, mineralized shear 

zones at Renabie since shear zone inflation, probably occurring largely as a result 

of fluid overpressuring, would certainly be facilitated if a i was oriented at an

angle of less than 45 0 with the shear zone (i.e. resulting in a lower effective 

normal stress on the shear zone). As shown in figure 20, maximum principal 

stresses for the studied shear zones are oriented at moderate plunges of l O 0 to 30 0 

in a southwesterly to westerly direction.

Comparison of Regional Deformation Stress Field and Shear

Deformation Stress Field

As discussed earlier, tonalite and trondhjemite which have not been subjected 

to shear deformation are characterized by a north-northwesterly trending 

foliation (or S fabric), dipping to the southwest at ~600 to 700 . This orientation 

indicates that the principal stress during development of the regional foliation 

(S m) was directed towards the east-northeast to northeast at a shallow plunge of 

~200 . Thus it would appear that the stress field active during shear deformation 

(plunging at 10-30 0 in a westerly to southwesterly direction) was rotated through
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~40 0 in a vertical sense with respect to the stress field active during earlier 

regional foliation development. Two points are significant here. Firstly, the 

principal stress associated with shear deformation (CTi sz ) lies approximately in the

same vertical plane as the stress responsible for regional foliation development 

(O l m), hence both are normal to the TTG/metavolcanic contact in plan view. 

Given this relationship, it is then interesting to note that C7i sz would correspond to 

the stress vector resulting from a combination of (J i m and a stress vector of equal 

magnitude directed vertically downwards. Such a situation may have occurred as 

the outward directed stress associated with regional foliation development relaxed 

and lithostatic loading associated with the higher levels of the batholith became 

more important. Thus, shear zone development at Renabie may be dominantly 

controlled by more localized stress systems possibly associated with batholithic 

intrusion. Stott and Smith (1988) have suggested a variety of types of mineralized 

structure related to contact strain aureoles that formed during ascent and 

expansion of granitic plutons. Principal stress directions for the Renabie shear 

zones, however, suggest formation as outward directed stresses associated with 

batholith emplacement and expansion were relaxing. The probability of localized 

control of shear zone development at Renabie is further suggested by the 

recognition of northeasterly trending regional deformation zones in the northern 

part of the Michipicoten Greenstone Belt showing dominantly dextral 

transcurrent movement in response to regional NW - SE compression (Arias and 

Heather 1987; Heather et al. 1987).
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Relative Timing of Mineralization and Shear Deformation

Strain features shown by the mineralization

A number of features observable in outcrop or in hand specimen indicate that 

shear zone hosted quartz veining and associated mineralization is variably 

strained and was introduced throughout all stages of shear deformation.

One such feature, which is reflected in the marked plunge of the orebodies in 

the Renabie area, is the prolate, plunging nature of cm to m scale individual 

quartz bodies comprising the veins. The long dimensions of these quartz bodies 

typically parallel the plunges of lineations i.e. the maximum extension direction 

(X) within the host shear zone. This orientation contrasts with the orientation of 

shear zone hosted ore shoots in the Aphebian age Star Lake Pluton, Saskatchewan, 

which closely parallels the intermediate (Y) strain axis of the deduced strain 

ellipsoid associated with shear deformation (Poulsen et al. 1986). At Renabie, 

prolate quartz bodies associated with west-northwesterly to northwesterly 

trending shears plunge to the west-southwest. Those associated with 

northwesterly trending shear zones e.g. Braminco #21 zone plunge to the west- 

northwest.

Quartz veins within shear hosted mineralized zones, particularly the less 

massive examples, often show boudinage and minor fold development. Large 

quartz bodies appear to have behaved more competently during- deformation.

The quartz itself exhibits a very granular texture indicating recrystallization 

in response to strain imposed during shear deformation.

Other strain features observed in the mineralization itself include the 

brecciation of pyrite and the development of inequant prismatic or tabular crystal 

habits in pyrite, the orientations of which are concordant with lineation and
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foliation within the host shear, respectively. The latter observation is suggestive 

of syn-deformational crystallization of pyrite. In other examples, pyrite cubes are 

oriented such that their longest dimension (i.e. the cube diagonal) lies in a plane 

parallel with the shear foliation. This orientation appears lo be the most stable 

under the stresses which acted within the shear zone.

Syn-deformational hydrothermal fluid activity

The preferred orientation of alteration minerals, especially sericite, defines, to 

a large extent, the deformational fabrics within the shear zones, and suggests that 

growth of alteration minerals occurred during shear deformation.

Strain softening processes (Ramsay and Graham 1970), where deformation 

induced competency contrasts associated with shearing lead to further shear 

strain concentration within the shear zone, are likely to have been involved. 

Strain softening was probably facilitated by reaction enhanced ductility (White 

and Knipe 1978), as indicated by extensive hydrothermal alteration within the 

shear zones. In general, higher finite strain fabrics (i.e. C and C-C fabrics) are 

observed in areas of most intense hydrothermal alteration as compared with S and 

C-S fabrics representing lower finite strains in less altered areas. Mineralizing 

fluids active within the shear zones during deformation encourage the 

accumulation of higher strains by increasing the rate of strain by diffusion 

processes, and by providing new, strain free (i.e. soft) grains which may 

accommodate strain. In addition, the small size of new grains and the disorganized 

nature of their boundaries would facilitate grain boundary sliding as a 

deformational mechanism, particularly when accompanied by increased pore fluid 

pressures (Beach 1980; White and Knipe 1978). This process requires fluid activity
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to be synchronous with deformation for which there is strong evidence, as 

described above.

Characteristics of Shear Zone Hosted Vein Mineralization

Shear hosted mineralization may locally comprise massive white quartz with 

few other mineral phases, generally showing poor Au values. Mineralization of 

this type occurs in the footwall of the Renabie main zone shear between 3265' and 

3300' (Fig. 21a).

More typically, mineralization forms spectacular "banded" veins, excellent 

examples of which may be seen at Nudulama and in the Renabie main zone below 

the 3105' level (Fig. 21b, c). The "banded" veins comprise alternating cm to m scale 

quartz veins and mm to cm scale elongate foliae of intensely altered wallrock 

which define a planar fabric concordant with the fabric within the host shear. In 

rare cases veins are observed to trend at a high angle to this planar fabric, 

forming minor "spurs" which splay off the foliation parallel quartz veins and cut 

across wallrock foliae (Callan and Spooner 1987).

Cm scale sericite, pyrite, galena and ferroan carbonate stringers and selvages, 

together with more continuous sericite rich fractures, are concordant with vein 

fabric (Fig. 21 d).

The banded geometry is interpreted (Callan and Spooner 1987) to be the result 

of repeated hydraulic fracturing in response to overpressured fluid injection into 

the shear zone during shear deformation (Ramsay 1980). Infiltration of

pressurized hydrothermal fluid into a ductily deforming shear zone reduces the 

effective normal stress acting on the shear zone allowing transient tensile failure 

and brittle fracture propagation (Phillips 1972). Brittle fracture largely occurs 

along the anisotropy represented by the shear fabric and is frequently localized at

70



the vein/wallrock interface, resulting in the separation of thin wallrock foliae 

away from the wall (Poulsen 1983). Vein formation associated with iterative fluid 

injection has substantially inflated the host shears, generating impressive widths 

up to 21 m.

Of key importance in the interpretation of this vein structure is the syn- 

deformational nature of the process, with vein orientations being controlled by 

shear deformation induced anisotropy, and with veins, once formed, being 

subjected to further shear deformation. The elongate fabric parallel nature of 

pyrite, carbonate and sericite selvages within the veins may reflect a primary 

depositional habit with superimposed shear strain.

Discussion

The Renabie deposit and, to a lesser extent, the associated mineralization at 

Nudulama and Braminco contrast with other examples of Archean Au-quartz vein 

type mineralization hosted in TTG terranes outside the confines of greenstone belts 

by virtue of their size and consistent Au grade. Both the vertical continuity of the 

main Renabie orebody and the impressive mineralized widths are striking, and the 

question is raised as to why mineralization at Renabie in particular should be so 

well developed.

A key feature of the most economically significant vein systems is their 

composite, "banded" appearance, indicative of multiple, Au-bearing hydrothermal 

fluid injection into a dynamically deforming shear zone system. An iterative 

process of this nature is likely to generate far greater mineralized widths than a 

single mineralizing event occurring during the final brittle rupture stages of 

shear zone deformation.
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A multiple fluid injection process would implicate a considerably larger 

volume of hydrothermal fluid than that required for a single stage mineralizing 

process. Detailed discussion of the source of the Au-bearing hydrothermal fluid is 

beyond the scope of this paper. Possible fluid sources include metamorphic fluids 

derived from immediately adjacent greenstones, autometasomatic fluids derived 

from the intrusive material itself, more distally derived hydrothermal fluids of 

magmatic or metamorphic derivation, or any combination of these.

Bearing in mind this localization of high fluid activity at greenstone-granite 

contacts, distance from the contact may be an important factor in determining the 

extent of mineralization in such an environment. Interestingly, of the zones 

studied, the Renabie main zone is located closest to the contact and also represents 

the most significantly mineralized zone. Mann (1982) also notes that both the 

frequency of occurrence and the production of granitoid hosted Zimbabwean 

mines increases with proximity to the adjacent greenstone-granite contact.

Structural sites for localization of fluids active in the greenstone-granite 

contact environment are a particularly important factor in the concentration of 

mineralization. At Renabie, propagation of shear zones, which have acted as 

pathways for hydrothermal fluids, may have been facilitated by pre-existing 

anisotropy (i.e. regional foliation) within the intrusives, notably in the gneissose 

trondhjemite. It may not therefore be coincidental that a variety of shear zone 

orientations is better developed in the marginal gneissose trondhjemite, illustrated 

by the Renabie main zone, as compared with the Nudulama zone which is hosted 

in more homogeneous biotite tonalite.

Development of variable orientations of host structure is important since the 

intersections of differently oriented structures can be favourable sites for ore 

shoot formation. Underground exploration drilling from the 1400' level, Renabie 

mine, has defined a northwest trending, west-northwesterly plunging shear
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structure to the south of the Renabie main zone. This poorly mineralized structure 

progressively swings towards the west-northwesterly oriented Renabie main zone. 

The structure may represent the downplunge extension of the northwesterly 

trending Braminco #21 structure (personal communication, B. Hamilton 1987). 

The sequence of shearing used to interpret the structurally complex upper levels 

of the Renabie Mine would predict that the probably earlier northwesterly 

trending structure would be displaced with a sinistral horizontal component by 

the later west-northwesterly, dominant ore hosting shear orientation. The 

Braminco extension may therefore actually continue to the north of the Renabie 

main zone.

Conclusions

1. Tonalite/trondhjemite hosted Archean Au-quartz vein mineralization in the 

Renabie area is economically significant with past-production/current reserves at 

the Renabie Mine of ~6 m tonnes at 6.6 g/t Au and 2 g/t Ag.

2. Mineralization shows marked structural control with major mineralization 

hosted within discrete west-northwesterly to northwesterly and northwesterly to 

north-northwesterly trending brittle-ductile shear zones.

3. Strain associated with the ore hosting shear zones is superimposed on the 

regional metamorphic foliation within the hosting trondhjemite and tonalite, with 

all shear zone orientations cross-cutting the regional foliation on a broad scale.

4. Displacement, as deduced from a variety of kinematic indicators, appears to be 

oblique reverse west side-up sinistral on northwesterly to north-northwesterly 

trending structures (e.g. Braminco) and oblique reverse south side-up sinistral on 

west-northwesterly to northwesterly trending structures (e.g. Nudulama, Renabie 

main zone; depth > 2475').
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5. Estimates of the stress field associated with shear deformation indicate that the 

maximum principal stress was directed towards the west to southwest at a 

moderately shallow plunge and was therefore re-oriented with respect to the 

shallow plunging, northeasterly directed maximum principal stress active during 

regional foliation development in the Renabie Mine area.

6. Strain features exhibited by the mineralization, together with evidence of 

reaction-enhanced ductility associated with hydrothermal fluid/wallrock 

interaction within the shear zones, indicate that mineralization and hydrothermal 

alteration were synchronous with shear deformation.

7. "Banded" vein geometry is indicative of vein formation by repeated hydraulic 

fracturing associated with fluid overpressuring within the brittle-ductile shear 

zones. Fracture orientation is largely controlled by the anisotropy represented by 

the shear fabric.

8. Significant mineralization at Renabie, as compared with other granitoid 

hosted deposits of poor tonnage may be attributed to a multiple stage 

mineralization process, focussed within actively deforming shear zones which 

developed in a region of particularly high fluid activity. Development of a 

number of intersecting host shear zone orientations was probably facilitated by 

pre-existing structural anisotropy within hosting intrusives.

Acknowledgements

The author would like to extend sincere thanks to the staff of Renabie Gold 

Mines Ltd., in particular Phil Olson, Alex Kusik and Chester Moore, for their kind 

co-operation and interest throughout the duration of this study. Permission from 

M. J. Slack and J. Slack (Canreos Minerals, 1980, Ltd.) and Dr. O. A. Sieber (Anglo 

Dominion Gold Exploration Ltd.) to work on the Braminco and Nudulama properties,

74



respectively, is very much appreciated. Thanks are also extended to Subash 

Shanbag and Brian O'Donovan for assistance with drafting and photography. N. J. 

C also gratefully acknowledges receipt of a Canadian Rhodes Scholars Foundation 

Scholarship (1985-1986) and a Science and Engineering Research Council of Great 

Britain Overseas Studentship (1986-1988). The work was generously supported by 

OGRF Grant #288. Finally, thanks go to Dave Burrows for numerous structural 

discussions.

75



References

ANDREWS, A. J., HUGON, H., DUROCHER, M., CORFU, F. and LAVIGNE, M. J. 1986. The 

anatomy of a gold bearing greenstone belt; Red Lake, northwestern Ontario, 

Canada. In Proceedings of Gold '86, an international symposium on the 

geology of gold. Edited bv A.J. Macdonald. Toronto, 1986, pp. 3 - 22.

ARCHAMBAULT, G., GUHA, J., TREMBLAY, A. and KANWAR, R. 1984. Implications of the 

geomechanical interpretation of the Copper Rand Deposit on the Dore Lake 

shear belt. In Chibougamau - Stratigraphy and Mineralization. Edited bv

Guha, J. and Chown, E. H. Canadian Institute of Mining and Metallurgy Special 

Volume 34, pp. 300 -318.

ARIAS, Z. G. and HEATHER, K. B. 1987. Regional structural geology related to gold 

mineralization in the Goudreau - Lochalsh area. District of Algoma. In 

Summary of Field work and other Activities 1987. Edited bv Barlow, R. B., 

Cherry, M. E., Colvine, A. C., Dressler, Burkhard O. and White, Owen L. Ontario 

Geological Survey, Miscellaneous Paper 137, pp. 146 - 154.

BEACH, A. 1980. Retrogressive metamorphic processes in shear zones with special 

reference to the Lewisian complex. Journal of Structural Geology, 2: 257 - 263.

BENNETT, G. 1978. Geology of the Crooked Lake area, District of Sudbury. Ontario 

Geological Survey, Report 172.

BERTHE, D., CHROUKROUNE, P., and JEGOUZO, P. 1978. Orthogneiss, mylonite and non 

coaxial deformation in granites: the example of the South' Armorican Shear 

Zone. Journal of Structural Geology, 1: 31-42.

BOULTER, C. A., FOTIOS, M. G. and PHILLIPS, G. N. 1987. The Golden Mile, Kalgoorlie: A 

giant gold deposit localized in ductile shear zones by structurally induced 

filtration of an auriferous metamorphic fluid. Economic Geology, 82: 1661 - 

1678.

76



BRUCE, E. L. 1942. Geology of the Rennie-Leeson area. Ontario Department of

Mines, 51, pp. l - 26. 

BURROWS, D. R. and SPOONER, E. T. C. 1987. Lamaque: an example of Archean

intrusion-hosted stockwork Au mineralization, Val d'Or, Quebec, Canada [abs.].

Geological Society of America Annual Meeting, Abstracts with Programs, pp.

607. 

CALLAN, N. J., and SPOONER, E. T. C. 1987. Gneissose trondhjemite/tonalite hosted Au-

quartz vein mineralization, Renabie Mine area. Wawa: Geological

characteristics and shear zone control. In Geoscience Research Grant

Program, Summary of Research. Edited bv V.G. Milne. Ontario Geological

Survey, Miscellaneous Paper 136, pp. 153 - 175. 

CAMPIGLIO, C. and DARLING, R. 1976. The geochemistry of the Archean Bourlamaque

Batholith, Abitibi, Quebec. Canadian Journal of Earth Sciences, 13: 972 - 986. 

CHERRY, M. E. 1983. The association of gold and felsic intrusions - examples from

the Abitibi Belt. In. The Geology of Gold in Ontario. Edited bv A.C. Colvine.

Ontario Geological Survey, Miscellaneous Paper 110, pp. 48 - 56. 

CLIFFORD, P. M. 1972. Behaviour of an Archean granitic batholith. Canadian

Journal of Earth Sciences, 9: 71 - 77. 

COOKE, H. C. and JOHNSTON, W. A. 1930. The Gold Resources of Canada. In Gold

Resources of the World; International Geological Congress, Pretoria, 1929, pp.

71 - 103. 

ERNST, R. E. and HALLS, H. C. 1984. Paleomagnetism of the Hearst dike swarm and

implications for the tectonic history of the Kapuskasing Structural Zone,

northern Ontario. Canadian Journal of Earth Sciences, 21: 1499 - 1506.

77



FERGUSON, S. A. 1968. Renabie Mines Limited, Nudulama Mines Limited and

adjoining properties, surface geology, parts of Renabie, Leeson and Brackin 

townships, District of Sudbury. Ontario Department of Mines, Preliminary 

Geological Map P. 492.

FRAREY, M. J. and KROGH, T. E. 1986. U-Pb zircon ages of late internal plutons of the 

Abitibi and eastern Wawa subprovinces, Ontario and Quebec. In Current 

Research, Part A. Geological Survey of Canada, Paper 86-1 A, pp. 43 - 48.

GATES, T. M. and HURLEY, P. M. 1973. Evaluation of Rb-Sr dating methods applied to 

the Matachewan, Abitibi, Mackenzie and Sudbury dike swarms in Canada. 

Canadian Journal of Earth Sciences, 10: 900 - 919.

GITTINS, J., MCINTYRE, R. M. and YORK, D. 1967. The ages of carbonatite complexes in 

eastern Canada. Canadian Journal of Earth Sciences, 4: 651 - 655.

GUHA, J., ARCH AMB AULT, G. and LEROY, J. 1983. A correlation between the evolution 

of mineralizing fluids and the geomechanical development of a shear zone as 

illustrated by the Henderson 2 Mine, Quebec. Economic Geology, 78: 1605 - 

1618.

GOODWIN, A.M. 1962. Structure, stratigraphy and origin of iron formation, 

Michipicoten area, Algoma district, Ontario, Canada. Geological Society of 

America Bulletin, 73: 561 - 586.

HARRIS, L. B. 1987. A tectonic framework for the Western Australian Shield. In 

Recent Advances in Understanding of Precambrian Gold Deposits. Edited bv 

Ho, S. E. and Groves, D. I. The Department of Geology and University Extension, 

University of West Australia Publication Number 11, pp. l - 28.

HEATHER, K. B., ARIAS, Z. G. and REILLY, B. A. 1988. The Wawa gold camp, Ontario, 

Canada: gold mineralization with contrasting structural styles [ext. abs]. In

Bicentennial Gold '88, Extended Abstracts Poster Programme Vol. l, Geological 

Society of Australia Abstract Series Number 23, pp. 16-19.

78



HENDERSON, J. F. and BROWN, I. C. 1966. Geology and structure of the Yellowknife

greenstone belt, District of MacKenzie. Geological Survey of Canada Bulletin

141. 

HOPKINS, P. E. 1921. Ontario Gold Deposits. Ontario Dept. Mines Annual Rept. 30,

Part 2. 

HUGON, H. and SCHWERDTNER, W. M. 1984. Structural signature and tectonic history

of gold bearing rocks in northwestern Ontario. In Geoscience Research

Program, Summary of Research 1983 - 1984. Edited bv V.G. Milne. Ontario

Geological Survey, Miscellaneous Paper 121, pp. 164 - 176. 

________ and ____________ 1985. Structural signature and tectonic history of

gold bearing rocks in northwestern Ontario. In Geoscience Research

Program, Summary of Research 1984 - 1985. Edited bv V.G. Milne. Ontario

Geological Survey, Miscellaneous Paper 127, pp. 62 - 72. 

HUSTON, C. C. 1947. Unpub. report on Braminco Mines Ltd. 

JAMES, W. F. 1948. Siscoe Mine. In. Structural Geology of Canadian Ore Deposits.

Canadian Institute of Mining and Metallurgy Jubilee Volume, pp. 876 - 882. 

KILIAS, S. 1984. Genesis of Gold Deposits, Renabie area, Sudbury District, Ontario.

M.Se. thesis, University of Ottawa, Ottawa, Ont. 

MANN, A. G. 1984. Gold mines in granitic rocks in Zimbabwe. In. Gold '82: The

Geology, Geochemistry and Genesis of Gold Deposits. Edited bv R.P. Foster.

Geological Society of Zimbabwe, Special Publication 1. A.A. Balkema

Publishers, Rotterdam, pp. 553 - 568. 

MARMONT, S. 1983. The role of felsic intrusions in gold mineralization. In. The

Geology of Gold in Ontario. Edited by A.C. Colvine. Ontario Geological Survey,

Miscellaneous Paper 110, pp. 38 - 47.

79



MELLING, D. R., WATKINSON, D. H., POULSEN, K. H., CHORLTON, L. B. and HUNTER, A. D. 

1986. The Cameron lake gold deposit, Northwestern Ontario, Canada: Geological 

setting, structure and alteration. In Gold '82: The Geology, Geochemistry and 

Genesis of Gold Deposits. Edited bv R.P. Foster. Geological Society of Zimbabwe, 

Special Publication 1. A.A. Balkema Publishers, Rotterdam, pp. 149 - 169.

PERCIVAL, J. A. 1981. Geological evolution of part of the central Superior Province 

based on relationships among the Abitibi and Wawa subprovinces and the 

Kapuskasing structural zone. Ph.D. thesis, Queen's University, Kingston, Ont.

1986. The Kapuskasing Uplift: Archean greenstones and

granulites. Geological Association of Canada, Mineralogical Association of 

Canada, Canadian Geophysical Union, Joint Annual Meeting , Ottawa '86, Field 

Trip 16: Guidebook.

PERCIVAL, J. A. and KROGH, T. E. 1983. U-Pb zircon geochronology of the

Kapuskasing structural zone and vicinity in the Chapleau-Foleyet area, 

Ontario. Canadian Journal of Earth Sciences, 20: 830 - 843.

PHILLIPS, W. J. 1972. Hydraulic fracturing and mineralization. Journal Geological 

Society of London, 128: 337 - 359.

PLATT, J. P. and VISSERS, R. L. M. 1980. Extensional structures in anisotropic rocks. 

Journal of Structural Geology, 2: 397 - 410.

POULSEN, K. H. 1983. Structural setting of vein type mineralization in the Mine 

Center-Fort Francis area: Implications for the Wabigoon subprovince. In The 

Geology of Gold in Ontario. Edited bv A.C. Colvine. Ontario-Geological Survey, 

Miscellaneous Paper 110, pp. 174 - 180.

___________ 1986 Auriferous shear zones with examples from the Western 

Shield. In. Gold in the Western Shield. Edited bv L.A. Clark and D.L. Francis. 

CIMM Special Volume 38, pp. 86 - 103.

80



POULSEN, K. H., AMES, D. E. and GALLEY, A. G. 1986. Gold mineralization in the Star 

Lake pluton, La Ronge Belt, Saskatchewan: A preliminary report. In Current 

Research, Part A, Geological Survey of Canada, Paper 86-1 A, pp. 205 - 212.

POULSEN, K. H. and FRANKLIN, J. M. 1981. Copper and gold mineralization in an 

Archean trondhjemitic intrusion, Sturgeon Lake, Ontario. In Current

Research, Part A. Geological Survey of Canada, Paper 81-1 A, pp. 9 - 14. 

RAMSAY, J. G. 1980. Shear Zone Geometry: A Review. Journal of Structural Geology,

2: 83 - 99.

1981. Emplacement mechanics of the Chindamora Batholith,

Zimbabwe. In Coward, M. P., Diapirism and Gravity Tectonics: report of a

Tectonic Studies Group conference held at Leeds University, 25 - 26 March,

1980. Journal of Structural Geology, 3: 93. 

__________ 1986. Rock Ductility and its influence on the development of

Tectonic Structures in Mountain Belts. In Mountain Building Processes. Edited

bv K.J. Hsu. Academic Press Inc., London, pp. Ill - 127. 

RAMSAY, J. G. and GRAHAM, R. H. 1970. Strain variation in shear belts. Canadian

Journal of Earth Sciences, 7: 786-813. 

RILEY, R. A. 1971. Geology of Glasgow, Meath.and Rennie townships, Districts of

Algoma and Sudbury. Ontario Department of Mines, Report 90. 

SAGE, R. 1986. Stratigraphic correlation in the Wawa area. In Volcanology and

Mineral Deposits. Edited bv J. Wood and H. Wallace. Ontario Geological Survey,

Miscellaneous Paper 129, pp. 62 - 68. 

SCHWERDTNER, W. M. 1982. Foliation patterns in large gneiss bodies of the Archean

Wabigoon subprovince. Journal of Geodynamics, 1: 313 - 337. 

—_______________ 1986. Structure of the Hood Lake syenite - an undeformed

Archean pluton in the western Superior Province, Southern Canadian shield.

Precambrian Research, 2: 189 - 214.

81



SCHWERDTNER, W. M., MORGAN, J. and STOTT, G. M. 1985. Contacts between

greenstone belts and gneiss complexes within the Wabigoon subprovince,

northwestern Ontario. In Evolution of Archean Supracrustal Sequences.

Edited bv Ayres, L. D., Thurston, P. C., Card, K. D. and Weber, W. Geological

Association of Canada Special Paper 28, pp. 117 - 123. 

SCHWERDTNER, W. M. and LUMBERS, S. B. 1982. Major diapiric structures in the

Superior and Grenville Provinces of the Canadian Shield. In The Continental

Crust and its Mineral Deposits. Edited bv Strangway, D. W. Geological

Association of Canada Special Paper 20, pp. 149 - 180. 

SIMMONS, E. C, HANSON, G. N. and LUMBERS, S. B. 1980. Geochemistry of the

Shawmere anorthosite complex, Kapuskasing structural zone, Ontario.

Precambrian Research, 11: 43 - 71. 

STEPHANSSON, O. 1975. Polydiapirism of granitic rocks in the Svecofennian of

Central Sweden. Precambrian Research, 2: 189 - 214. 

____________ 1977. Granite diapirism in Archean rocks. Journal Geological

Society of London, 133: 357 - 361. 

STOTT, G. M, and SMITH, P. M. 1988. Development of gold -bearing structures in the

Archean-the role of granitic plutonism [ext. abs.]. In Bicentennial Gold '88,

Extended Abstracts Poster Programme Vol. l, Geological Society of Australia

Abstract Series Number 23, pp. 48 - 50. 

STUDEMEISTER, P. A. 1983. The greenschist facies of an Archean assemblage near

Wawa, Ontario. Canadian Journal of Earth Sciences, 20: 1409 - 1420. 

STUDEMEISTER, P. A. and KILIAS, S. 1987. Alteration pattern and fluid inclusions of

gold bearing quartz veins in Archean trondhjemite near Wawa, Ontario,

Canada. Economic Geology, 82: 429 - 439. 

TREMBLAY, A. 1984. Renabie Project - 1984 Unpubl. Progress Report. Les Mines

Camchib Inc., Chibougamau, Quebec.

82



TUREK, A., SMITH, P. E. and VAN SCHMUS, W. R. 1984. U-Pb zircon ages and the

evolution of the Michipicoten plutonic-volcanic terrane of the Superior

Province, Ontario. Canadian Journal of Earth Sciences, 21: 457 - 464. 

VU, L., DARLING, R., BELAND, J. and POPOV, V. 1987. Structure of the Ferderber gold

deposit, Belmoral Mines Ltd., Val d'Or, Quebec. CIM Bulletin, 80, Number 907:

68 - 77. 

WHITE, S. H. and KNIFE, R. J. 1978. Transformation- and reaction-enhanced ductility

in rocks. Journal of the Geological Society of London, 135: 513 - 516. 

WILKINSON, S. J. 1982. Gold deposits of the Atikokan area. Ontario Geological

Survey, Mineral Deposits Circular 24. 

WINCHELL, H. V. and GRANT, U. S. 1895. A preliminary report on the Rainy Lake gold

region. Geological and Natural History Survey of Minnesota, 23rd Annual

Rept., Part 3.

83



Figures for Section B

84



Proterozoic
Illlllllllllll alkolic rock-carbonatite complex
Archean
I+ +J massive to foliated granite to tonalite

l l gneissic tonalite-granodiorite and
xenolithic tonalite gneiss

metavolcanic , minor metasedimentary rocks

anorthositic rocks 

paragneiss , mafic gneiss

— — fault

FIG. 1. Location and regional geological setting of the Renabie Mine (modified 

from Percival 1986).
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FIG. 2. Mine area geology showing the distribution of major Au-quartz veins 

(modified after Ferguson, 1968).
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FIG. 3. Intrusive contact -400 m to the west-northwest of the Braminco #21 vein 

showing gneissose trondhjemite invading the adjacent metavolcanics and 

carrying angular xenoliths of metavolcanics.
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FIG. 4. Textures and contact relationships of the two main intrusive lithologies 

in the mine area, (a) Gneissose trondhjemite from marginal zone, 3105' level, 

Renabie Mine showing coarse, well developed foliation. (b) Weakly foliated, almost

granular "shaft" tonalite, shaft area, 3105 1 level, Renabie Mine.
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FIG. 5. Gneissose trondhjemite and "shaft" tonalite contact relationships, (a) 

Complex interleaved contact between gneissose trondhjemite and tonalite, east 

exploratory cross-cut, 1400' level, Renabie Mine. (b) Close up of interleaved 

gneissose trondhjemite and less strained tonalite showing the sharp nature of the 

contact between the two lithologies.
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FIG. 6. East-west longitudinal section through the Renabie-C zone-Nudulama 

vein association showing characteristic orebody plunges which are sub-parallel to 

major lithological contacts (modified from Tremblay 1984).
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FIG. 7. Rose diagram showing ore zone trends for all levels between surface and 

the 1400' level, Renabie Mine (measured from Renabie Mines Ltd. data).
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FIG. 8. Generalized shear zone model for shear zones hosting mineralization in 

the Renabie area. Note that the geometry of the shear foliation S s reflects an 

increment of shear strain superimposed on the earlier regional metamorphic 

foliation S m and indicates a sinistral horizontal component of shear. Quartz lenses, 

typically hosted in the high strain zone (dominated by C and C-S fabric), show 

prolate geometry with elongation paralleling the westerly to west-southwesterly 

plunging ductile lineations (L) and slickenside lineations (SL) within the shear 

zone.
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FIG. 9. Features of shear zones hosting Au-quanz vein mineralization at 

Renabie. (a) Progressive rotation of shear foliation (S s ) within the shear zone 

towards the central high strain region (bounded by C planes), hanging wall, 

Nudulama West pit. Foliation asymmetry defines a sinistral horizontal component 

of shear, (b) Progressive rotation of shear foliation (S s ) towards the central high 

strain region, Braminco #21 vein hanging wall. A reverse, west side-up 

component of shear is indicated. Note the more steeply dipping regional foliation 

(Sm), preserved in the hanging wall outside the shear zone, (c) C-S fabric in an 

oriented sample, Braminco #21 vein hangingwall. Indicated shear sense is 

reverse, west side-up, oblique sinistral. {d) C-S fabric in an oriented sample from 

the C "west" zone. Indicated shear sense is reverse, south side-up oblique sinistral. 

(e) C fabric, Braminco #21 vein. Note quanz stringers parallel to C fabric and the 

minor S fold. This face corresponds closely to the XZ plane of the finite strain 

ellipsoid and the minor fold in this case is consistent with reverse, west side-up 

oblique sinistral shear. (O C fabric. Frontenac Extension vein.
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FIG. 10.- (a) Quanzo-fcldspathic mineral strcich lineation in altered sheared 

trondhjemite, 3300' level, Renabie Mine. The oriented sample is cut (i) 

perpendicular to lineation, (ii) parallel to lineation and perpendicular to foliation. 

(b) West-southwesterly plunging linear fabric as observed underground, 3335' 

level, Renabie Mine. Lineation plunges towards the lower left hand corner. (c) 

Minor fold in aplite-pegmatite vein, C "west" zone. Asymmetry is consistent with a 

sinistral horizontal component of shear. (d) Minor fold in banded quartz vein, B 

"north" zone, 250' level, Renabie Mine.
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FIG. 13. Detailed geology of the Frontenac Extension vein showing the S shaped 

geometry resulting from a sinistral horizontal component of displacement on a

late north-northwesterly trending brittle(-ductile) shear with minor flexure of
97 the transected vein.



FIG. 14. Geology, ore zone geometry and structural elements (equal area 

projection) of the main ore zone, 3265' level, Renabie Mine.
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FIG. 15. (a) Horizontal projection showing the -west-northwesterly trending, 

southwesterly dipping Renabie Main Zone orebody on the 2955', 3105', 3205', and 

3300' levels, Renabie Mine, (b) Transverse section X - Y (between the 2955' and 

3300' levels) across the southwesterly dipping shear which hosts the Renabie Main 

Zone (depth > 2475') showing the position of the shear zone boundaries (SZB) and

the relationship of shear fabric to the shear zone boundaries.
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FIG. 16. Block diagram showing progressive development of the shear foliation 

(S5) i" a reverse, south side-up oblique sinistral shear zone (e.g. Renabie Main 

Zone: d > 2475', C zone and Nudulama). The shear foliation rotation and 

intensification reflects the superimposition of increasing shear strain on the pre 

existing, westerly dipping regional metamorphic foliation (S m ), culminating in a 

central high strain zone where foliation is essentially parallel to the shear zone 

boundaries. Note in particular how the intersection of the progressively rotating 

and intensifying shear foliation (Sg) with a vertical plane (ABC; as may be

exposed, for example, in a cross-cut through the mineralized shear) will define an 

apparent "normal" sense of shear in the vertical plane, despite the actual reverse 

sense of shear. Abbreviations: L - mineral stretch lineation, C - shear plane, HSZ - 

high strain zone, SZB - shear zone boundary.
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FIG. 17. (a),(b),(c), Ore zone geometries of the 125', 250' and 375' levels, Renabie 

Mine. (d) Horizontal projection showing distribution of ore-hosting shears on the 

125', 250', and 375' levels. Dips are calculated where possible by extrapolation 

between levels (Note that the D zone structure has been omitted for clarity. 

Possible origin is discussed in the text). (e) Stereographic projection (equal angle) 

showing the two dominant ore-hosting shear orientations. A third orientation is

shown by the E zone hosting shear.
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FIG. 18. Detailed quartz vein geometry ofthe 250' level ore zone, Renabie Mine 

(quartz vein distribution based on Renabie Mines Ltd. data).
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FIG. 19. Structural synthesis, 250' level, Renabie Mine.
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FIG. 20. Bulk principal stress orientations (equal angle, lower hemisphere 

projections) for the major Au-quartz vein hosting shear zones (i.e. the Renabie 

Main Zone, C "west" zone, Nudulama and Braminco). The Renabie Main Zone is 

represented by data for the 3265' level (see Fig. 2 for surface projection of the 

3265' level).
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FIG. 21. Banded vein characteristics. (a) Massive unmineralized ("bull") quartz, 

foot wall, 3265' level, Renabie Mine, (b) Banded vein, Nudulama west pit (hammer 

for scale) showing elongate lenticular quartz bodies separated by altered wallrock 

foliae. (c) Banded quartz vein, 3265' level, Renabie Mine, (d) Elongate strained 

carbonate and pyrite selvages parallel to banded vein fabric, 3265* level, Renabie 

Mine.
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C. Microstructural characteristics of deformed,
shear zone-hosted, Archean Au-quartz vein

mineralization, Renabie Mine area, Wawa,
N. Ontario: deformation mechanisms and

vein paragenesis.
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Abstract

Economically significant, shear zone-hosted Au-quartz veins in the Renabie 

area (e.g., the Renabie Mine with past-production of ~5 m tonnes @ 6.6 g/t and 

current reserves of ~1 m. tonnes @ 7.7 g/t) attain widths of up to ~30 m and exhibit 

a distinctive "banded" geometry. This geometry is defined by alternation of cm to 

m scale sub-veins with inclusions and foiiae of the sheared and variably altered 

tonalitic/trondhjemitic wallrock. The sub-veins represent discrete depositional 

"events" with precipitation of Au, tellurides, sulphides and gangue minerals 

having occurred at each sub-vein forming "event". Observed heterogeneity in the 

distribution of these mineral phases within the overall "banded" vein reflects the 

variation in the Au, telluride, sulphide and gangue content between specific sub- 

veins and sub-vein zones. Macroscale and microscale strain features indicate that 

all gangue and opaque phases of the mineralization have been subjected to strain 

which, together with the marked shear fabric control on the sub-vein distribution 

and orientation, confirms previous suggestions that sub-vein (and hence overall 

"banded" vein) formation was essentially synchronous with shear deformation. 

Detailed microtextural observations suggest that in addition to deformation by 

crystal plastic (i.e., dislocation) processes (e.g., in quartz), strain was also 

accommodated particularly in opaque phases (e.g., pyrite, galena, tellurides and 

Au) by a significant component of deformation via mass transfer processes (e.g., 

solid state remobilization and/or pressure solution). In its current form, free Au 

shows an intimate asssociation with tellurides, galena and, to a lesser extent, 

chalcopyrite within a variety of habits and occurrences, notably fracture fills in 

quartz and pyrite, coating pyrite and as more discrete, "interstitial" grains in 

quartz gangue. Superimposed strain has seriously complicated interpretation of
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the paragenetic evolution of the "banded" veins. Tourmaline, carbonate, 

anhydrite, pyrite, molybdenite and sericite deposition occurred throughout each 

open space sub-vein filling episode (with some subsequent remobilization). 

However, the degree of deformation superimposed on the more easily remobilized 

Au, tellurides, galena and chalcopyrite (and hence the probability of significant 

modification of their primary depositional habits) leaves uncertainty as to their 

true paragenetic affinities i.e., original deposition during sub-vein filling and 

subsequent remobilization during deformation or later syn-deformational primary 

deposition. Uncertainity regarding primary depositional relationships is likely to 

be a commonly recurring problem in detailed paragenetic studies of strongly 

deformed mineralization and may present difficulties in the interpretation of 

subsequent fluid inclusion and stable isotope studies.

Keywords: Au mineralization, tellurides, shear zone-hosted, "banded" vein, sub- 

vein, syn-deformational, remobilization, mass transfer processes, Renabie Mine.
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Introduction

The importance of structure in controlling both the localization and 

geometry of Archean Au-quartz vein mineralization at the Renabie Mine, located 

near Wawa, N. Ontario, has been documented in detail by Callan & Spooner (1987, 

1988). It was shown that major Au-quartz veins, hosted in tonalite and 

trondhjemite of the Wawa Domal Gneiss Terrane, were confined to variably 

oriented brittle-ductile shear zones showing oblique net shear. Host shear zones 

were superimposed on regional foliation and formed under a bulk stress field 

which was re-oriented with respect to that responsible for earlier regional 

foliation development. In addition, evidence was cited for synchronous 

mineralization and shear deformation. This aspect will be the subject of further 

discussion in this paper. The large volumes of hydrothermal fluid associated with 

mineralization, as indicated by the amount of quartz in the vein systems at 

Renabie (Callan A Spooner 1988), have resulted in intense and widespread 

hydrothermal alteration of the host trondhjemite and tonalite. Reference should 

be made to Kilias (1984) and Studemeister & Kilias (1987) for detailed accounts of 

geochemical changes associated with wallrock alteration at Renabie.

The main purpose of this contribution is to describe in detail the 

microstructural characteristics of the Au mineralization in the Renabie mine area, 

with particular emphasis on the characteristics and intensity of deformation in 

gangue and opaque minerals, textural features of paragenetic significance and the 

occurrence of Au. These aspects will be integrated with observations from 

underground and those in hand specimen. An overall vein paragenetic sequence 

is proposed, followed by discussion of both the timing of mineralization with 

repect to deformation and of the possible deformation mechanisms. Finally, the
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overall evolution of the Au-hosting "banded" veins is considered and briefly 

discussed in the light of previous interpretations of Au paragenesis in deformed 

systems.

Detailed textural and mineralogical studies of syn-deformational Archean lode 

gold mineralization are relatively uncommon in the literature (e.g., Guha & Koo 

1975, Robert SL Brown 1986, Boulter et al. 1987). Such studies are, however, of 

paramount importance if fluid inclusion and isotope studies are to be successfully 

applied to this type of mineralization. Furthermore, this type of study is of direct 

relevance to the metallurgical processing of gold ores (e.g., Swash 1988).

Location, Geological Setting and Mine Geology

The Renabie Mine is located -80 kms northeast of Wawa, N. Ontario, and lies in 

the Wawa Subprovince of the Archean Central Superior Province (Fig. 1). The 

mine, currently under the joint ownership of Corona Corp. and American Barrick 

Resources has been in fairly continuous operation since 1941, with past 

production totalling ~5 m tonnes at 6.6 g/t Au and 2.1 g/t Ag. Current reserves as 

of July 31, 1988, are 966,792 tonnes at 7.7 g/t above the 4245' level (P. Olson, 

personal communication, 1988). The ore body remains open at depth. Similar style 

mineralization has recently been mined -1.5 kms to the east and -1.8 kms to the 

southeast at Nudulama and Braminco, respectively.

The geological setting is unusual as discussed by Callan A Spooner (1987) 

since all economic mineralization is hosted entirely within tonalitic and 

trondhjemitic components of the Wawa Domal Gneiss Terrane (WDGT). This 

batholithic complex, comprising typical Archean trondhjemite-tonalite- 

granodiorite (TTG; Jahn et al. 1981) type intrusions, was emplaced below and 

adjacent to supracrustal sequences of the Michipicoten Greenstone Belt at depths
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of ~7 to 17 kms over the period -2707 Ma (minimum age; Percival SL Krogh 1983) to 

-2680 Ma (Percival SL Card 1983). The geology, structural setting and tectonic 

evolution of the Wawa-Chapleau-Foleyet area, including the WDGT, are addressed 

in depth by Thurston et al (1977), Percival (1981, 1986), Percival A Card (1983), 

Percival A Krogh (1983), Turek et al. (1984), Frarey SL Krogh (1986) and Drury 

(1988).

Detailed descriptions of the mine area geology are provided in Callan SL 

Spooner (1987) and are summarized in Callan A Spooner (1988). Only a brief 

summary of key points is given here.

Au-quartz vein mineralization in the mine area is located within 

trondhjemite and tonalite to the east of a northwesterly trending, steep 

southwesterly dipping contact between metavolcanics of the Michipicoten 

Greenstone Belt and the TTG of the WDGT (Fig. 2). Major quartz veins are restricted 

to discrete west-northwesterly to northwesterly (e.g., Renabie Main Zone; d > 2475', 

C Zone and Nudulama) and northwesterly to north-northwesterly (e.g., Braminco) 

brittle-ductile shear zones showing oblique, reverse sinistral displacement. Shear 

deformation is superimposed on the regional metamorphic foliation. The latter is 

concordant with lithological contacts and is developed in both the metavolcanics 

and, to a variable degree, within the intrusive phases. As noted earlier, bulk stress 

fields responsible for regional fabric development and shear deformation appear 

to be significantly different. Orebodies typically show steep westerly plunges, 

parallel with the linear fabric within the hosting shear zones. -The variable 

degree of orebody complexity largely reflects the development of different 

orientations of discrete shear zones which acted as sites for mineralization. The 

orebody is particularly complex in the upper levels of the Renabie Mine (e.g., 250' 

level) where the intersection of three orientations of vein hosting structure is
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observed. In contrast, the main zone (d > 2475') appears to occupy a single, 

vertically persistent, west-northwesterly to northwesterly trending shear zone.

Vein Types

Three main vein types have been identified in the Renabie area. 

Volumetrically the most significant and accounting for -98 9fc of the vein material 

in the area are the shear zone-hosted "banded" veins (e.g., the Renabie main zone 

below 2475', C zone, Nudulama and Braminco #21 veins), the geometrical 

characteristics of which are controlled by host shear orientations, shear zone 

fabrics and shear deformation processes (Callan SL Spooner 1988). These veins 

typically attain widths ranging from ~2 m to as much as ~30 m (e.g., 3265' level, 

Renabie Mine). Consistently large vein widths in recent working levels render 

these veins particularly amenable to bulk mining methods, in this case sub-level 

caving. Essentially all Au production in the Renabie area is from "banded" veins. 

Petrographic work has been concentrated on this type of vein, and therefore 

further discussion in the following sections will focus on these.

Less commonly observed at Renabie are sub-horizontally oriented ("flat") 

veins, often showing shallow southeasterly dips, and which typically attain widths 

of ~10 cms. Lateral extent is ~5 to 15 m. Mineralogy is dominated by quartz 

(showing a distinctive "waxy" appearance), with minor coarse (*cl mm) pyrite, 

purple anhydrite and trace, fine-grained (-*cl mm) molybdenite. These veins have 

been identified on the 1400', 3105" and 3455' levels where they clearly cross-cut 

the main shear zone-hosted, "banded" vein mineralization. This type of vein 

appears not to be restricted to areas of earlier shear zone-hosted mineralization; 

veins showing similar orientation and mineralogy occur in unstrained granular 

tonalite near the #2 shaft, 3105' level. Both here, and in the main mineralized
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zone, 3105' level, the flat veins are cross-cut and mildly offset by late, chloritic, 

altered lamprophyre dykes.

Distinguished from the "flat" veins described above by their coarse ^ l cm) 

white mica selvages and the vitreous, smoky brown nature of their quartz, are a 

set of more randomly oriented veins, once again showing cm scale widths but of 

somewhat more restricted continuity on the order of ~5 m or less. Associated with 

these veins are minor anhydrite, potassium feldspar, fine grained chlorite and 

carbonate, together with trace, fine-grained ^ l mm) molybdenite. Pyrite is 

conspicuously absent. These veins have only been identified in the more recent 

mining levels (i.e., 3105', 3205', 3265' and 3455') suggesting that their frequency 

may be increasing with depth. Most observations of these veins have been made 

in areas of shear zone-hosted, "banded" vein Au mineralization where they cross 

cut both "banded" veins and shear zone fabric. Bruce (1942) observed similar late, 

sulphide poor veins cutting across the "banded" vein fabric in the Renabie C zone. 

Owing to limited underground exposure outside the ore zone, their extent beyond 

zones of earlier shearing and main stage mineralization is unknown, as is their 

relationship with the "flat" veins discussed previously.

Banded Quartz Vein Characteristics

Vein Geometry and Compositional Variation

In general, shear zone-hosted "banded" veins (attaining widths of up to 30 m) 

consist of alternating sub-veins (cm to m scale and typically comprising in excess 

of 95 Vo quartz) and intensely hydrothermal lv altered wallrock foliae and 

inclusions (mm to cm scale), defining a planar fabric concordant with foliation 

within the host shear zone (Fig. 3a, b). Quartz veining is locally observed to trend
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at a high angle to the general vein fabric, forming minor "spurs" which splay off 

foliation-parallel quartz veins and transect wallrock foliae and "floating" 

inclusions (Fig. 3c).

Marked heterogeneity is developed throughout the "banded" veins, due to 

variation in the proportions of vein material and wallrock. This heterogeneity 

ranges from zones of massive quartz veining (several ms) with negligible altered 

wallrock inclusions (commonly, though not exclusively, in the footwall of the 

mineralized shear, e.g., 3265' level, Renabie Mine), through to zones (typically in 

the hanging wall part of the mineralized shear zone) where the intensity of 

quartz veining is markedly diminished and the orebody essentially comprises 

hydrothermally altered trondhjemite/tonalite with only minor, sporadic quartz 

veining. Local increases in the intensity of veining in areas of otherwise 

marginal to sub-economic, weakly altered, sheared trondhjemite/tonalite may 

generate isolated pods and shoots of economic Au mineralization.

Banded veins also show quite localized variation (m scale) in the abundance 

and relative proportions of contained sulphides (i.e., pyrite, molybdenite and 

galena) and tellurides, as well as gangue minerals (i.e., carbonate, anhydrite and 

sericite). Pyrite is generally fairly conspicuous throughout most of the "banded" 

veins, though its abundance is observed to vary between particular sub-veins. 

Visible galena, tellurides and molybdenite, however, occur more sporadically and 

are often highly localized within specific sub-veins or sub-vein zones. Elevated 

Au grades are typically associated with the latter, resulting in. restricted, high 

grade (up to 18 g/t Au) ore shoots within the ore zone (defined by a ~5 g/t Au cut 

off grade). Such shoots typically show m scale widths, but may persist over 

vertical intervals of 15 to 20 m, i.e., between sub-levels. In some cases, areas of the 

"banded" vein are totally devoid of sulphides (or gangue minerals) and simply
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comprise 100 Vo massive, white quartz (e.g., the footwall area of the main 

mineralized zone, 3265' level; Fig. 3d)). These areas are typically barren of Au.

Although only limited study (i.e. on the 1400' level) has been carried out on 

"banded" vein material at intermediate levels in the Renabie Mine, the similarity 

of the mineral assemblages observed in "banded" veins at or close to surface (e.g., 

250' level at Renabie, Braminco and Nudulama) and on currently accessible 

working levels at depth (d > 3105'), suggests that broad scale vertical compositional 

variation is minimal. Local vertical variation, as just described, however, is to be 

expected.

Macroscopic Strain Features

A number of macroscopic features indicate that the shear zone-hosted 

veining and associated mineralization is variably strained, suggesting that 

mineralization occurred throughout shear deformation. These features are 

described by Callan SL Spooner (1987, 1988) and are particularly important since 

any deformation superimposed on the mineralization may be expected to have had 

a significant effect on textural characteristics and relationships; they include the 

prolate nature of individual quartz lenses comprising the veins (which parallel 

elongation lineations within the host shear), minor folding and boudinage of 

quartz veining within mineralized shear zones, the variably granular, 

recrystallized nature of the quartz and lastly, mineralogical textures and habits 

(observable in outcrop) indicative of syn-deformational growth and/or 

superimposed deformation.

In addition, deformational fabrics within the shear zones are, to a large 

extent, defined by the preferred orientation of secondary alteration minerals 

especially sericite (white mica), indicating syn-deformational growth of the latter.
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The correlation of high strain fabrics with areas of most intense alteration was 

interpreted by Callan & Spooner (1987, 1988) to be the result of strain softening 

(Ramsay Si Graham 1970) facilitated by enhanced ductility associated with 

hydrothermal fluid/host-rock interaction (White A Knipe 1978) during 

deformation. Interaction of hydrous fluids with quartz may result in hydrolytic 

weakening and increased susceptibility to deformation (e.g., Griggs 1974, Jones 

1975) while the formation of new, unstrained, secondary mineral grains allows 

accommodation of further strain (White SL Knipe 1978).

Banded Vein Formation

On the basis of geometry and deformational features, "banded" vein formation 

was interpreted by Callan & Spooner (1987, 1988) to be the result of repeated 

hydraulic fracturing (Phillips 1972) in response to overpressured fluid injection 

into the shear zone during shear deformation. The formation of hydraulic 

fracture "spurs" would certainly support the interpretation of high fluid 

pressures. In general, however, the orientations of mineralized hydraulic 

fractures were controlled by the mechanical weakness represented by the shear 

fabrics within the host shear zones. These fabrics comprise S and C surfaces 

which generally show close parallelism in the highly strained, central regions of 

the host shear zones which typically host the mineralization. Boulter et al. (1987) 

suggest that degree of foliation development in mineralized shear zones in the 

Golden Mile, Kalgoorlie, also exerted a major control on fluid access. Localization 

of hydraulic fracturing at the vein/wallrock interfaces has resulted in the 

separation of altered wallrock foliae away from the vein walls, thus imparting a 

"laminated" appearance to the veins (Fig. 4a, b). Poulsen (1983) envisages a
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similar process to account for shear zone-hosted, "laminated" veins in the Mine 

Centre area of N.W. Ontario.

Late jointing, caused by reactivation along prominent shear planes, is locally 

observed in the "banded" veins. These joints are similar in style to joints observed 

remote from the mineralized shear zones. They are characterized by a distinctive 

red hematitic staining, show occasional gouge development, and are typically 

filled with quartz, carbonate, chlorite, epidote, minor pyrite and rare fluorite. 

These joints also act as host to the chloritic lamprophyres which more typically 

cross-cut mineralization (Callan & Spooner 1987).

Vein Mineralogy; Occurrence and Textures

Two key observations pertinent to the paragenetic evolution of the "banded" 

veins are the locations of the various minerals filling the veins, and the degree of 

deformation exhibited by these different mineral phases.

The locations of certain constituent minerals within the veins provides 

important information as to the timing of the deposition of these minerals. 

Marginal selvages generally imply early precipitation, while stringers and "clots" 

more central to veins suggest later depostion within the vein filling episode. 

Interpretation is relatively straightforward in single, discrete sub-veins or in 

sections of the "banded" veins where included wallrock foliae clearly distinguish 

individual sub-veins. Problems arise, however, in the larger, -composite quartz 

veins which may have formed by incremental opening and filling. Here, margins 

of individual vein increments may be difficult to identify, particularly in the 

absence of discernible wallrock foliae which generally define individual sub- 

veins. Identification of the margins of individual increments may also be 

complicated by strain and, in some cases, complete alteration of wallrock foliae,
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such that they are difficult to distinguish from wisps of primary hydrothermal 

sericite. These problems may result in some uncertainity as to the location of 

mineral phases within these larger, composite veins.

The occurrence of certain minerals in well defined, more brittle fractures in 

the veins is thought to be indicative of significantly later deposition or re 

deposition of these minerals.

Secondly, the degree of strain exhibited by the minerals which constitute the 

veins may give some indication as to the timing of mineral deposition relative to 

deformation. In these "banded" vein systems, where mineralization appears to be 

largely syn-deformational, the effects of deformation will generally be most 

pronounced in the earliest minerals to have formed. This simplistic relationship is 

complicated, however, by a number of factors which include the typically 

heterogeneous nature of strain within the shear zones, the relative susceptibilities 

of different minerals to strain, and the possibility that original strain features 

may be lost through post-deformational processes e.g., dynamic recovery and 

grain growth during annealing.

Investigation of these aspects for paragenetic purposes has necessitated very 

detailed observations of mineral occurrences, habits and textures at all scales from 

outcrop to hand specimen and thin section. These detailed observations are 

described below with the minerals listed in paragenetic sequence so as to 

emphasize their temporal relationships.

Rutile

Minor inclusions of rutile ^ 40 /zm) have been identified in tourmaline, 

carbonate, and pyrite suggesting perhaps an early paragenetic position for this 

generation of rutile. Rutile itself appears to be a relatively uncommon phase
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within unaltered trondhjemites and tonalites remote from the mineralization. Ti 

bearing phases in the trondhjemite and tonalite are generally represented by 

trace to minor ilmenite which forms lath shaped inclusions in biotite, and titanite 

which comprises both minor euhedral to subhedral grains (probably primary) 

and anhedral granular aggregates replacing very fine grained magnetite- 

ilmenite intergrowths as well as the ilmenite inclusions in biotite. Rutile, together 

with carbonate, may have formed through the breakdown of this titanite by 

reaction with CO2 in the alteration zone associated with the mineralization. Minor 

rutile (probably once again of secondary origin) also forms needles ^ 100 (J.m), 

stubby elongate grains and anhedral grains ^ 50 M*"), commonly in elongate 

aggregates associated with foliae of secondary white mica (sericite) in the altered 

wallrock.

Hematite

Hematite shows three modes of occurrence in the "banded" veins in the 

Renabie area. Within the actual quartz vein material itself, fine-grained (^ 3 mm) 

hematite is commonly disseminated throughout relatively early carbonate and 

anhydrite selvages (occurring marginal and more central to larger quartz veins). 

Hematite is included within grains of these minerals and is locally overgrown by 

pyrite included in the anhydrite and carbonate selvages. This hematite appears, 

therefore, to be quite early.

Probably the most conspicuous occurrence of hematite is manifest in the 

distinctive red colouration associated with the sheared, hydrothermally altered 

trondhjemite and tonalite. This reddening is caused by fine-grained hematite, 

localized at grain boundaries and in fractures within quartzo-feldspathic domains. 

Primary magnetite (*z 0.5 mm) in trondhjemite and tonalite also shows variable
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replacement by hematite, suggesting higher fO2 associated with the mineralizing 

environment. These grains may be overgrown by pyrite. This pervasive 

hematitic alteration is likely to have developed throughout all stages of 

mineralization.

Late generation hematite, comprising subhedral to euhedral laths (^ 300 /im), 

often skeletal and locally forming "spangles", occurs with anhydrite and 

carbonate within late, shear fabric-parallel fractures. Minor Au may be present. 

These fractures are best developed in highly sheared and altered trondhjemite 

which is only weakly to moderately quartz veined. In rare cases, late hematitic 

fractures are observed in more massive quartz.

Tourmaline

In contrast to several other Archean lode Au deposits (e.g., the Sigma Mine; 

Robert SL Brown 1986), tourmaline is a rare mineral in major Au producing veins 

in the Renabie area and has only been observed as a very minor vein component 

at Braminco.

Tourmaline, associated with relatively unstrained quartz, forms spangles of 

radiating, mm to cm length acicular crystals which are locally bent and fractured, 

or shows a more massive fine-grained habit. Both habits occur as marginal 

selvages attached to altered wallrock foliae. In more strained areas, elongate ~5 

mm wide seams of fine-grained tourmaline lie close to sub-vein* margins (Fig. 5a). 

Minor ^ l mm) veinlets occupying shear planes in the hanging wall at Braminco, 

also contain tourmaline.

Tourmaline hosts minor inclusions of pyrite and rutile, and is itself rimmed 

by and included in fine-grained "veinlet" type carbonate. Interstices in "spongy" 

tourmaline also contain fine-grained carbonate.

120



Carbonate

Visible carbonate is sporadically distributed within "banded" veins and while 

conspicuously absent in some areas, may be locally abundant within certain sub- 

veins, comprising ~3 - 5 ^o of the vein material. The yellow-brown weathering 

carbonate is typically fine to medium-grained ^ 2 mm) and granular in texture. 

Marginal selvages of carbonate attached to wallrock and wallrock inclusions 

appear more elongate (Fig. 5b), finer grained, and show diffuse edges in regions of 

inferred high strain, but retain more of a primary depositional habit (i.e., coarser 

grained and "clot-like"), in areas of lower strain e.g., at the margins of high angle 

"spur" type veins. Location at sub-vein margins suggests early deposition of this 

carbonate. Elongate pods of carbonate, locally tending towards carbonate 

stringers (~15 - 30 cm), often occur more centrally within the larger quartz veins, 

suggesting slightly later deposition. Abundant pyrite, anhydrite and fine-grained 

hematite may accompany carbonate in these pods. Occasionally, late carbonate 

(with hematite) is observed to fill fine fabric-parallel fractures in weakly veined 

areas of highly strained, altered trondhjemite.

In thin section, early carbonate shows variable deformation and 

recrystallization (Fig. 5c). Coarse-grained (~ 1.75 mm) areas in relatively protected 

domains, central to selvages, show annealed textures. Twinning (probably 

deformation induced) within polygonal grains is commonly bent and offset. Kink 

bands are also observed, as is local development of convoluted grain boundaries. 

Progressive refinement typically occurs towards the edges of selvages with fine 

grained (-15 - 30 /zm) carbonate becoming more interstitial with respect to the 

quartz, thus accounting for the diffuse appearance in hand specimen. 

Discontinuous veinlets of fine grained carbonate frequently penetrate along
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quartz grain boundaries. This continuum suggests that some remobilization of 

early carbonate has taken place during deformation. Where unshielded from 

strain, early carbonate exhibits a grain size often commensurate with the degree 

of deformation in surrounding quartz. Intergrown anhydrite, when present, 

shows similar characteristics to carbonate and together they may enclose pyrite. 

Irregular veinlet-like chalcopyrite tends to show a more interstitial habit with 

respect to both carbonate and anhydrite, and may rim rare euhedral carbonate 

rhombs in less strained material. Hematite (often after magnetite of probable 

primary igneous origin) inclusions (~50 fj.m - 3 mm) have been observed in early 

carbonate selvages. Rare Au and telluride inclusions (up to ~15 M m) in carbonate 

have also been observed in a sample from the 3375 1 level, Renabie Mine.

The second carbonate occurrence of particular importance is a late, possibly 

remobilized generation, often co-structural with chalcopyrite, galena, tellurides, 

Au and sericite, which fills fractures in quartz gangue. These mineralized 

fractures frequently emanate from pyrite (Fig. 5d). Carbonate, like chalcopyrite, 

galena, tellurides and Au, may rim and fill fractures within pyrite. In rare 

instances this generation of carbonate may contain inclusions of these minerals.

Fine, irregular grains of carbonate also occur in association with sericite at 

quartz grain boundaries. This carbonate locally includes sericite and may 

represent carbonate of a primary or remobilized origin deposited in both cases 

from grain boundary fluids. Minor inclusions ^ 100 //m) of carbonate are also 

observed within quartz grains.

Carbonate commonly comprises 6 - 8 96 of altered trondhjemite, occurring 

intergrown with quartz in fabric-parallel microveinlets, rimming or mottling 

saussuritized plagioclase, and intergrown within heavily strained domains of 

quartz, sericite and plagioclase.
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Post Au mineralization carbonate is associated with lamprophyres, late 

jointing and "muscovite-bearing" veins.

Anhydrite

Anhydrite, like carbonate, is rather unevenly distributed within the "banded" 

vein systems. Similar modes of occurrence are displayed, and the two minerals are 

frequently intergrown. Colour ranges from lilac to brick red (possibly due to fine 

grained hematite) with the latter predominating in anhydrite associated with 

parts of "banded" veins which are dominated by altered wallrock.

Variably strained marginal selvages of anhydrite are attached to wallrock 

and wallrock fragments, suggesting early precipitation at sub-vein margins. 

Coarser grained (less deformed) pods and local finer grained, diffuse stringers also 

occur more centrally to larger quartz veins.

Anhydrite, sometimes accompanied by hematite, is also observed to fill fine 

(mm scale or less) fractures, especially within quartz veins, lenticles and stringers 

in strongly foliated regions of veins with abundant wallrock material. The most 

prominent anhydrite filled fractures are parallel/sub-parallel to shear planes 

within the "banded" vein and may show continuity with local marginal selvages 

and central pods of anhydrite (Fig. 5e). Therefore it appears that probably some of 

the late fracture fill type anhydrite has been remobilised from original 

depositional sites.

In thin section, early generation anhydrite varies from coarse-grained, 

mildly deformed anhydrite showing strained extinction, occasional corrugated 

grain boundaries, mechanical twinning, subgrains and bent cleavage planes to 

more deformed anhydrite showing grain refinement (~20 - 100 //m) and grain 

habits identical to those of deformed and mildly remobilized carbonate, detailed

123



above. Pyrite and minor sericite may be overgrown by this stage of anhydrite 

deposition. Minor inclusions of chalcopyrite, galena, tellurides and Au were also 

identified in one extremely unusual case, suggesting perhaps early but relatively 

minor precipitation of these minerals. This observation is corroborated by rather 

uncommon observations of inclusions of these minerals in pyrite.

Late stage anhydrite, some of which may be remobilized, is commonly 

associated with chalcopyrite (plus bornite), galena, tellurides and Au which, 

together with sericite and carbonate, occupy late fractures in quartz gangue (Fig.

5f).

Isolated grains of anhydrite ^ 1.25 mm) occur in association with carbonate 

in minor quartz stringers within altered, sheared trondhjemite. Anhydrite also 

occurs less commonly dispersed within the groundmass of the altered 

trondhjemite.

Pyrite

Pyrite constitutes the most common metallic mineral in the "banded" veins, 

forming 2 - 7 Vo by volume of the vein material (excluding wallrock inclusions). 

As noted earlier, the abundance of pyrite varies widely between sub-veins though 

the sulphide (e.g., pyrite) content of each sub-vein is generally quite persistent 

(as observed on the sub-level scale). Economic Au grades appear to correlate 

broadly with the presence of pyrite, though there appears not to be a simple 

relationship between abundance of pyrite and the Au grade within the ore zone.

Pyrite occurs within sub-veins as discontinuous, cm length trains and bands 

of anhedral to subhedral (rarely euhedral) grains, typically less than ~8 mm in 

size. These trains and bands are frequently associated with greenish, wispy, cm 

scale sericite foliae, and together with these, define a foliation concordant with
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that of the overall "banded" vein and host shear zone (Fig. 6a). Deformation may 

be concentrated along certain pyritic, sericite rich foliae (some of which may 

represent totally replaced wallrock foliae) forming distinct shear planes. This 

phenomenon is best developed within the wider sub-veins and those veins likely 

to be of a composite nature as discussed earlier. The greater anisotropy (i.e., the 

margins of vein increments and their associated mineral selvages) exhibited by 

the latter would facilitate the accommodation of slip across such veins. Locally 

observed within the more massive, sericite poor areas of sub-veins are isolated 

grains or small groups of euhedral to subhedral, occasionally coarser 0^ 1.5 cm) 

pyrite, usually showing some fracture development. Pyrite also forms elongate, 

cm wide selvages, exhibiting a granular texture, at sub-vein/wallrock interfaces, 

or along the margins of larger "floating" inclusions of wallrock in the larger 

quartz veins. These marginal selvages are clearly indicative of early deposition of 

this pyrite.

Visible galena, molybdenite and tellurides may be associated with pyrite, with 

these minerals generally being observed to surround and fill interstices between 

pyrite grains. Where fine grained and less conspicuous, they impart a grey hue to 

the quartz in the immediate vicinity of the pyrite.

Fine grained 0^ l mm), disseminated pyrite typically comprises up to 2 (fo (by 

volume) of the more massive altered wallrock associated with the mineralization, 

but may reach up to 10 9fc in the finer altered wallrock foliae and inclusions within 

areas of dense sub-veining. In the Nudulama E pit, deformation superimposed on 

the extremely pyrite rich, altered footwall tonalite has produced a pyritic schist 

with the strained pyrite bands forming a strong foliation component.

Particularly noteworthy is the development of euhedral, but unusually 

inequant grain shapes in pyrite within the "banded" vein systems at Renabie 

(Callan St, Spooner 1987). Tabular and prismatic forms (often, though not always,
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localized along fine sericitic seams) show flattening and elongation correlating, in 

a qualitative sense, with foliation and lineation, respectively, in the host shear 

zone. Extensional fractures in elongate prismatic forms, indicative of 

"stretching", have subsequently been infilled by galena (Fig. 6b). In addition, less 

common, fairly coarse, euhedral pyrite cubes are often oriented such that the long 

diagonal between opposing comers lies approximately within the foliation plane 

of the "banded" vein. These features, as suggested in Callan Se Spooner (1988), are 

indicative of syn-kinematic crystal growth and, in the case of the extensional 

fractures, subsequent brittle deformational behaviour. Their significance with 

respect to the possible involvement of mass transfer type deformation processes 

(e.g., pressure solution, Coble creep) during host shear zone deformation and 

synchronous mineralization will be the subject of further discussion (see below).

In polished section, pyrite occurs as bands and variably discontinuous strings 

or grain aggregates, frequently associated with recrystallized quartz and foliated 

sericite (white mica) laths/sheaves, defining the vein fabric. Pyrite, generally 

less than 3 mm in size, but locally reaching 7 mm, is typically anhedral to 

subhedral. Extensive fracturing and variable degrees of disaggregation are clear 

evidence of the dominantly brittle response of the pyrite to superimposed shear 

deformation (Fig. 6c). This response contrasts with the ductile (crystal plastic) 

deformational behaviour exhibited by the surrounding vein quartz.

Of key significance are annealed textures (i.e., 1200 grain boundaries 

between equant grains) occasionally shown by pyrite in densely packed, finer 

grained pyrite aggregates (Fig. 6d). Such annealed textures are indicative of grain 

growth in pyrite. Also of interest in this respect are "impacted" pyrite grains 

where the corner of one euhedral to subhedral pyrite grain is observed to 

penetrate the face of another adjacent grain. These two textures, like the inequant 

crystal habits shown by pyrite described above, suggest that in addition to brittle
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deformation, diffusive mass transfer mechanisms of deformation may have been 

important in pyrite (and therefore, perhaps in other opaque phases e.g., galena, 

chalcopyrite, tellurides and Au).

Pyrite, notably that in altered wallrock foliae, sometimes encloses rounded 

magnetite, hematite (after magnetite) and rutile grains. Minor magnetite does 

occur in unaltered trondhjemite/tonalite and these grains (which in some cases 

have been replaced by hematite indicating higher fO2 conditions) may have acted

as preferred sites of sulphidation and pyrite growth. Vein pyrite, where associated 

with foliae of sericite and molybdenite, commonly partially, and sometimes 

completely encloses laths of these minerals. On the 3375' level at Renabie, minor 

pyrite, associated with anhydrite and hematite, partially encloses the hematite 

laths.

Pyrite quite commonly forms the locus of galena, telluride, chalcopyrite and 

Au mineralization though, as noted on the macroscopic scale, there is clearly no 

simple correlation between the occurrence of pyrite and these minerals. As will 

be discussed further, galena, chalcopyrite, tellurides and Au generally fill 

fractures in brittly deformed pyrite, coat pyrite and occupy fractures in quartz 

gangue which interestingly often radiate from pyrite inclusions. Development of 

radial microfractures around opaque inclusions in quartz has been described by 

Mitra (1978). Such inclusions typically inhibit dislocation glide on at least one of 

the four glide planes exhibited by quartz, resulting in microfracture propagation 

in two or more different directions (see Plate 3B; Mitra 1978). -These 

microfractures have commonly acted as sites for deposition of galena, 

chalcopyrite, tellurides and Au.

Rounded inclusions, (usually less than ~50 iim but occasionally up to 100 ;im) 

of galena, chalcopyrite, tellurides and Au have been observed in pyrite. These are 

generally uncommon, however, particularly when those likely to represent
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"windows" into minerals rimming and embaying pyrite, or filling fractures in 

pyrite are discounted. As noted above, it is these latter habits which are typically 

displayed by the bulk of the galena, chalcopyrite, tellurides and Au. The linear 

arrangement of some of these "inclusions" suggests that they may represent 

healed fracture fills.

Quartz

Quartz forms ~95 to 97 ^o by volume of the actual vein material (excluding 

wallrock fragments), and 90 ^o in areas of abundant sulphides, carbonate and 

sericite. The quartz, ranging from a milky white, often extremely friable type to a 

more compact, smoky grey variety, is generally fine-grained Oc 5mm), quite 

massive and shows a recrystallized "cellular" texture in hand specimen. No 

euhedral growth structures are preserved, largely due to post-crystallization 

deformation. Abundant microfractures cut the quartz, with the most prominent of 

these paralleling the overall "banded" vein fabric. More minor fractures form at a 

high angle to the fabric. Both types of fracture are frequently the loci of 

discontinuous microveinlets of galena and tellurides.

Under crossed polars the quartz comprises an interlocking mosaic of clear, 

inclusion free, locally polygonal grains, ranging in size from < 10 /im to 3 - 5 mm. 

The quartz shows in homogeneous ductile (plastic) strain with formation of new 

strain free grains (typically < 50 fJ.m) concentrated in distinct, -mm width, high 

strain domains (Fig. 7a). This recrystallization is commonly, though not 

exclusively, localized along sericite and pyrite rich planes which may have acted 

as preferential slip planes during shear deformation. These planes may also have 

been the locus of enhanced hydrothermal fluid movement, causing hydrolytic 

weakening (e.g., Griggs 1974, Jones 1975) in the adjacent quartz gangue, thus
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facilitating deformation. Grain boundary sliding (White 1977, Etheridge SL Wilkie 

1979), probably assisted by fluids active at grain boundaries, may have played a 

minor role in these areas following initial grain size reduction. Quartz grain 

growth in these narrow zones of strong recrystallization may have been retarded 

by inclusion inhibition (Hobbs et al. 1976, Vernon 1976) where quartz grain 

boundaries are pinned to minor phases (e.g., pyrite, sericite) within the deformed 

aggregate, impeding grain boundary migration.

These high strain domains are interspersed with broader domains of larger 

quartz grains (~50 jj.m to 5 mm) displaying less intense and variably developed 

strain features. A moderate to well developed elongation may be exhibited by the 

larger grains. Grain boundaries are typically corrugated with "bulges" often 

appearing to migrate along deformation bands in adjacent grains This behaviour 

is typical of strain induced grain boundary migration where strain is 

accommodated by migration of existing grain boundaries into regions of high 

dislocation density (Hobbs et. al. 1976). Essentially all larger grains show strained 

extinction. The latter may be continuous across the grain, or more discontinuous 

across elongate deformation bands within the grain. The deformation bands are 

separated from each other by "walls", distinguished easily under crossed-polars by 

sharp changes in extinction, and delineated in plane-polarized light by the high 

density of inclusions decorating the "wall". The "walls" are commonly the focus of 

minor recrystallization. Deformation lamellae (White 1973), oriented at a high 

angle to the deformation bands, are also observed and are indicative of dislocation 

creep (glide and climb), possibly assisted by hydrolytic weakening (Mitra 1976). 

Optically visible subgrain formation and new grain formation also occurs within 

quartz grains. The latter process is often more pronounced at grain boundaries, 

producing characteristic "core and mantle" textures which reflect stress 

concentration adjacent to grain boundaries (White 1976). These optical strain
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features are all diagnostic of variable degrees of dynamic (syn-tectonic) 

recrystallization (White 1977).

A particularly interesting feature, commonly observed in pyrite rich 

domains, is a fibrous habit developed in quartz which occupies the interstices of 

once contiguous fragments of brittly deformed pyrite. The elongation direction of 

the fibres represents the displacement vector between the two fragments. This 

characteristic is very reminiscent of textures formed through "crack-seal" 

deformation mechanisms (Ramsay 1980). In some cases the quartz fibres are 

curved, defining both displacement and rotation of the constituent parts of the 

pyrite during shear deformation. Fibrous quartz fringes also form between pyrite 

and the surrounding quartz matrix. Similar quartz "beards" associated with pyrite 

have been described from Kalgoorlie by Boulter et al. (1987) who interpreted these 

textures to be the result of quartz precipitation as the rigid pyrite grain was pulled 

away from the matrix during deformation.

As noted earlier, the strained quartz grains generally lack good primary fluid 

inclusion populations. Small, randomly distributed fluid inclusions and fine solid 

inclusions are often concentrated towards the marginal areas of grains, 

suggesting that inclusions may have been swept to grain boundaries during 

deformation. Trails of secondary fluid inclusions are, however, frequently 

observed and comprise a number of cross-cutting generations. Many trails cross 

cut deformed quartz grain boundaries and appear to represent late, healed 

fractures. Most importantly, secondary inclusion trails often show a strong spatial 

relationship with the observed occurrence of Au and paragenetically closely 

related minerals i.e., galena and tellurides.
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Molybdenite

Molybdenite generally only occurs in trace amounts within the "banded" 

veins in the Renabie area, though at Nudulama it appears to be more abundant, 

locally forming a minor (~1 - 2 Vd) visible component (in hand specimen) of the 

vein mineralogy. At surface, shear planes focussed on intensely altered wallrock 

foliae show molybdenite "smears" while on the 1400' level, molybdenite imparts a 

dark grey, "graphitic", dusty appearance to pyritic, sericite bands.

Molybdenite has been identified in polished thin section in samples from 

Renabie and Braminco, as well as from Nudulama. Laths of molybdenite up to 180 

fj.m in length are typically intergrown with sericite, abutting against and rimming 

pyrite (Fig. 7b). Bent and kinked molybdenite laths, together with weak folding in 

sheaves of intergrown molybdenite and sericite, indicate some superimposed 

deformation. Where more abundant, molybdenite is frequently included and 

partially included within pyrite (see Fig. 7b). It may also occur within fractures 

in pyrite. Isolated laths are occasionally observed within quartz grains, some of 

which have undergone recrystallization but with the included molybdenite 

showing no evidence of serious deformation. In samples from Braminco and 

Renabie, molybdenite laths form inclusions within galena and telluride grains, 

but not vice-versa, suggesting that molybdenite deposition predates that of the 

bulk of the galena and tellurides, and therefore probably Au. This interpretation 

is borne out by observations of Au coating and abutting against molybdenite.

White Mica (sericite)

White mica (sericite) is a conspicuously abundant secondary mineral in 

altered trondhjemite and tonalite, generally forming ~25 Vo of the rock but

131



occasionally reaching 45 9fc, particularly in more intensely altered wall rock 

inclusions. Sericite forms foliae and sheaves of parallel oriented laths, enclosing 

strained, elongate, quartzo-feldspathic domains, defining a strong planar fabric. 

The degree of sericitization of wallrock foliae generally increases with the volume 

of intercalated quartz veining. Wallrock inclusions and more intensely altered, 

thin foliae are usually recognisable in outcrop from the presence, albeit 

sometimes very minor, of residual quartzo-feldspathic material (with a pinkish 

hue). Observed at Braminco are compact, mm wide foliae of almost pure sericite 

showing a more continuous, locally anastomosing nature. These enclose elongate 

quartz lenticles and probably represent very intensely altered and deformed 

wallrock foliae showing virtually complete replacement by sericite. Their fabric 

intensity, together with smeared pyrite grains observed on the foliation surface, 

suggests concentration of shear deformation along these foliae.

Within the larger sub-veins, sericite forms diffuse, discontinuous, grey- 

green foliae (in some cases probably primary hydrothermal sericite as opposed to 

alteration of wallrock foliae) which parallel the overall "banded" vein fabric. 

Pyrite strings are frequently associated with these foliae. Sericite also occupies 

sharper, fabric parallel micro fractures in quartz. Galena and pyrite may be 

associated with these microfractures.

Sericite may be accompanied by visible molybdenite, as discussed previously. 

This association is particularly well developed in the Nudulama vein, and has been 

observed both at surface and on the 1400' level.

In thin section, sericite forms stringers of oriented laths and sheaves, 

associated with finer grained quartz and strings of pyrite. Sericite laths and 

sheaves rim pyrite though some euhedral laths are partially enclosed by it (i.e., 

represent relatively early sericite). Abundant molybdenite laths are locally 

intergrown with the sericite (e.g., at Nudulama) with both showing evidence of

132



some deformation as previously noted. Sericite may contain rare molybdenite 

inclusions.

Sericite also fills more obvious "fractures" in vein quartz, which both parallel 

vein fabric and occur at a high angle to the vein fabric. These sericitic fractures 

cut quartz grain boundaries (also pyrite in rare cases) and commonly terminate 

either in secondary fluid inclusion trails, or by progressive dispersion of minor 

sericite laths along quartz grain boundaries. Co-structural with the sericite in 

these late fractures are chalcopyrite, galena, tellurides, Au and minor anhydrite. 

Sericite, however, appears to predate their deposition within these sites since 

these minerals are typically interstitial to, or partially enclose, the sericite.

Minor, solitary sericite laths are often distributed at quartz grain boundaries 

and locally form short strings of laths which may mantle quartz grains. They may 

be accompanied by minor carbonate and anhydrite. This observation suggests that 

fluids may have been active at quartz grain boundaries.

Minor sericite laths, occasionally associated with secondary fluid inclusion 

trails, are hosted within quartz grains and are typically oriented parallel with 

foliation in the "banded" veins.

Chalcopyrite

Chalcopyrite generally only comprises a trace component of the "banded" 

veins. Minor proportions (~1 - 2 (fo) are locally attained in chalcopyrite rich 

stringers and in carbonate rich sub-veins. Visible chalcopyrite forms anhedral, 

"stellate" grains which may often grade into fine fracture fill in quartz or 

carbonate gangue.

In polished section, chalcopyrite shows a number of habits which may grade 

into one another, notably chalcopyrite filling fractures and chalcopyrite rimming
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pyrite (Fig. 7c). As noted above, more solitary chalcopyrite grains exhibit a 

"stellate" habit, with projections penetrating surrounding quartz grain 

boundaries or cutting across quartz grains.

Commonly, chalcopyrite forms elongate, sinuous, late fracture fills cutting 

quartz grains or exploiting grain boundaries. These fracture fills often radiate 

from pyrite or link spaced pyrite grains (see Fig. 9f). Veinlets are locally 

anastomosing and may terminate in secondary fluid inclusion trails. Galena, 

tellurides, Au, sericite, carbonate and anhydrite may accompany chalcopyrite in 

these fractures. Strings of solid polymineralic inclusions of chalcopyrite, galena, 

tellurides and Au indicate local healing of these late fracture fills. Rimming 

relationships and fracture fill textures with pyrite, showing minor replacement of 

the latter, indicate that the bulk of the chalcopyrite appears to post-date pyrite 

deposition. Minor inclusions of chalcopyrite (^ 70 urn. and associated with galena, 

tellurides and Au) may attest to an earlier, minor depositional event.

Chalcopyrite, with associated Au and minor bornite, shows complex blebby 

intergrowths with the tellurides. Also developed are classic "basket-weave" 

textures where chalcopyrite is exsolved from bornite. Trace cubanite may 

accompany chalcopyrite and bornite.

The intimacy of the relationships between chalcopyrite (plus minor bornite) 

and galena, tellurides and Au, together with their almost identical modes of 

occurrence, indicate a very close paragenetic association.

Galena

Galena is observed rather infrequently in outcrop but may locally comprise 

up to 3 9k of the vein material within galena rich sub-veins or sub-vein zones. The 

distribution of galena between individual sub-veins is highly variable with visible
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galena being absent from many sub-veins but abundant in others. Increased Au 

grades (up to ~18 g/t Au) are generally associated with these galena rich sub-veins 

and Au may occasionally reach visible proportions in hand specimen. As discussed 

earlier, galena rich sub-vein zones may persist over significant vertical intervals 

forming high grade shoots.

Galena commonly occurs as short but well defined, mm to cm scale seams in 

less strained sub-vein material, ranging through to discontinuous strings of 

isolated, elongate to equant blebs within more strained sub-veins. Pyrite is 

commonly absent from or forms a very minor phase within the more conspicuous 

galena occurrences. Where more obviously spatially associated with pyrite, 

galena veinlets and strings of blebs are focussed along vein fabric-parallel pyrite 

stringers, commonly linking groups of pyrite grains and enclosing individual 

grains within these stringers. The macroscale fabric exhibited by virtually all 

galena occurrences parallels the overall "banded" vein fabric and no observations 

have been made of galena clearly cross-cutting sericitic foliae or wallrock 

inclusions within "banded" veins. Galena stringers generally appear to occur 

within the interior of individual sub-veins though it is possible that some of the 

pyrite/sericite foliae, with which galena may be spatially associated, represent 

sub-vein margins. Callan 8z, Spooner (1986) suggested that the fabric exhibited by 

the galena veinlets could be the result of syn-deformational remobilization of 

galena, or late emplacement into spaced fractures, controlled by shear fabric 

anisotropies. Indeed it is possible that a combination of mechanisms were 

involved in the formation of the "banded" veins.

In detail, elongate sinuous veinlets of galena are typically focussed along 

vein fabric-parallel fractures which both cross-cut and follow quartz grain 

boundaries (Fig. 7d). These fractures may be located along sericitic, fine-grained 

quartz domains (i.e., high strain domains) with galena interstitial to the sericite,
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frequently enclosing laths and invading cleavage. Galena filled fractures may 

also transect coarse grained quartz domains. Major fabric-parallel galena veins 

typically throw off short, less continuous, high angle apophyses, notably from 

galena "swells" along the veinlets with the result that the "swells" then exhibit a 

"node" like appearance. These apophyses either follow quartz grain boundaries or 

cut them with slight penetration along intersected grain boundaries. Galena filled 

fractures frequently terminate as healed solid inclusion trails (see Figs. 7d, 9b), or 

in a number of secondary fluid inclusion trails (Fig. 7e) which radiate from the 

fracture tip (forming a "birds-foot" type array). The fracture fill habit may be 

continuous with galena which rims (Fig. 7f) and fills fractures in deformed pyrite 

(commonly with minor replacement). Radiating fractures, associated with pyrite 

inclusions in quartz gangue as noted earlier, are frequently occupied by galena 

(see Fig. 5d). Finally, galena also occurs as more solitary anhedral grains which, 

like chalcopyrite, throw off projections into, and between, surrounding quartz 

grains.

Most significantly, galena is frequently accompanied in all these habits by 

Au-bearing tellurides, native Au and chalcopyrite. Galena shows intimate 

intergrowths with Au tellurides and frequently contains crystallographically 

oriented, spindle shaped lamellae of tellurobismuthite and tetradymite. Native Au 

is commonly included and intergrown with galena. Minor carbonate and 

anhydrite may accompany galena within fractures.

Inclusions of galena, typically up to 120 /zm in size and often associated with 

tellurides and Au, are occasionally observed in pyrite. Volumetrically, however, 

they are insignificant compared with galena in the aforementioned occurrences.

Of particular importance are numerous observations of apparently 

undeformed linear arrays of cleavage pits in galena (see Fig. If). This feature, 

representing one of the few strain markers in the mineral suite most closely
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associated with the Au, occurs in all galena occurrences (bar the finest "wires") 

and suggests that the galena is, in its present state, essentially undeformed. This 

inference has been confirmed by etching of the galena using the experimental 

method of Clark et al. (1977). Two samples showing a wide variety of typical galena 

habits ranging from coarse, stellate grains to thin, fracture-fill "wires", were 

etched for 3 - 4 minutes with a mixture of l part cone. HC1 to 6 parts thiourea 

solution (100 g/1) at a temperature of 50 - 55 0 C. Etching reveals the occasional 

presence of a substructure within both stellate and wire-like grains, comprising a 

very limited number of generally quite coarse subgrains showing very stable, 

planar boundaries. Grains frequently show no internal structure, these including 

some of the most irregular galena grains (showing a gradational combination of 

coarser grained and wire-like habits) which appear to exhibit excellent 

crystallographic continuity despite their irregularity (Fig. 8a, b). In addition 

there is little evidence of strain features (i.e., recrystallization to form secondary 

subgrains) typically associated with syn-tectonic recrystallization in galena 

(Clark et al. 1977, Atkinson 1976). Two explanations are possible; galena was 

deposited essentially post-strain, or alternatively, galena was deposited during 

pre- or syn-deformational mineralization and has subsequently undergone 

extensive post-deformational annealing, thus erasing any evidence of deformation 

by dislocation processes. These alternatives will be the subject of further 

discussion. Another possibility is that deformation also proceeded via mass 

transfer mechanisms, as noted earlier, with minimal build up of dislocations and 

erasure of existing dislocations. The preservation of some euhedral telluride 

inclusions (i.e., tellurobismuthite and tetradymite) in the galena (with the finer 

inclusions often crystallographically oriented as noted above) may be more easily 

explained through a component of deformation via mass transfer processes.
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Tellurides

Associated with the "banded" veins in the Renabie area is an impressive suite 

of telluride minerals. The occurrence of telluride minerals in Archean Au systems 

has been widely documented (e.g., Thompson 1949, Markham 1960, Rucklidge 1969, 

Boyle 1979, Harris et al. 1983, Twemlow 1984, Robert & Brown 1986, Giddings & 

Perkins 1987). Tellurides at Renabie are only observable in polished thin section 

though in one exceptional case, altaite and visible Au were identified in hand 

specimen from the Nudulama E pit. Kilias (1984) reports the identification of 

altaite (PbTe), hessite (Ag2Te), tellurobismuthite (TeBi) and rucklidgeite (PbBiTe) 

in "banded" vein material from Renabie. The current study has confirmed the 

presence of these relatively common tellurides, whilst adding five more which 

have not previously been identified at Renabie.

Tellurides have been identified using detailed reflected light petrography in 

conjuction with a scanning electron microscope (JEOL 840) equipped with a 

qualitative electron probe micro-analysis (EPMA) facility. This approach provides 

a high degree of certainity in the case of coarser grained tellurides where 

petrographic characteristics are clearly displayed. Identification of finer grained 

tellurides is however, more tentative. New telluride occurrences identified with a 

high degree of confidence include petzite (Ag3AuTe2), calaverite (AuTe2) and 

tetradymite (Bi2Te2S). Also observed less commonly are Pb, Au and Ag, Bi bearing 

tellurides, which have been tentatively identified as nagyagite and volynskite, 

respectively, based on their petrographic characteristics.

The tellurides are particularly important at Renabie, firstly since they are 

themselves Au bearing and secondly, because they are clearly accompanied by 

most of the free Au in the system.
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frequently accompanied by Au, galena, chalcopyrite and minor bornite. 

Inclusions range in size from < 10 fj.m to 100 /im. These trails often cross-cut 

deformed and recrystallized quartz domains (Fig. 9b). In some cases healing of 

mineralized fractures to form solid inclusion trails appears to have ceased before 

completion of the healing process, leaving small, elongate pods and blebs of 

mineralization, clearly linked by a visible fracture line.

Similar style rounded inclusions ^ 100 Mm)i some of which clearly represent 

healed fractures but others of which may be primary inclusions, are locally 

observed in pyrite and suggest a possible minor early phase of telluride and Au 

deposition, contemporaneous with pyrite deposition. The bulk of the tellurides and 

associated Au, however, appears to be located in relatively late deformation related 

sites.

Au

Visible Au in hand specimen is unusual in the shear zone-hosted 

mineralization at Renabie. Very fine visible Au does occur in association with 

altaite in the Nudulama E pit and has also been observed on the 3455' level, Renabie 

Mine (A. Kusik, personal communication, 1987).

Au correlates in a very broad sense with the presence of sulphides (e.g., 

pyrite and galena), but as noted earlier, on the ore shoot scale it is the abundance 

of galena and closely associated tellurides which appears to correlate most closely 

with the higher Au grades.

This relationship has been confirmed in polished section. Grains (*c!2.5 ^m ) 

of Au may occur together with chalcopyrite, galena and tellurides within rather 

uncommon polymineralic inclusions hosted in pyrite. This early generation of Au 

is, however, volumetrically insignificant when compared with the amount of Au
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occurring with tellurides, galena and chalcopyrite in later shear deformation 

related depositional sites, and which in their current positions, appear to post-date 

pyrite.

In detail, free Au may coat pyrite and fill fractures within brittly deformed 

pyrite. Frequently Au is accompanied by tellurides, galena and chalcopyrite (± 

bornite) in these occurrences (Fig. 9c). This assemblage is also observed to fill 

fractures in quartz gangue which may be continuous with Au, tellurides, galena 

and chalcopyrite coating pyrite. Such fracture fills (in both quartz and pyrite) 

are most commonly dominated by galena, but may be dominated by chalcopyrite. 

Au and tellurides occur in both, but are generally more abundant in galena rich 

fracture fills. Au, like the tellurides, galena and chalcopyrite, is usually 

interstitial to any sericite and molybdenite which may be associated with these 

fractures (Fig. 9d). Minor carbonate and anhydrite may also accompany the Au in 

the fractures. Fracture control of Au and closely associated galena and 

chalcopyrite was recognized in the early petrographic work of Bruce (1942).

Au also occurs with galena, chalcopyrite and tellurides in more discrete 

grains hosted in quartz gangue. These range in morphology from the interstitial, 

"stellate" forms exhibited by galena and chalcopyrite as described earlier, to 

smaller, more rounded, polymineralic, Au and telluride bearing grains (usually 

occurring in clusters). The former habit may reflect late deposition in grain 

interstices or remobilization of more equant grains into transgranular and 

intergranular fractures during deformation, while the latter may represent 

healed irregular grains.

Au 0^ 10 fJ.m) is a common component of the polymineralic galena, telluride 

and chalcopyrite bearing inclusions which comprise the linear solid inclusion 

trails.
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In general, Au shows relatively simple mutual boundaries where in contact 

with chalcopyrite and galena in the above occurrences. Where Au is associated 

with complex intergrowths of tellurides, however, as is frequently the case, 

textures are more spectacular. Possible replacement textures are often equivocal 

owing to mutual embayment in these complex grains. A commonly occurring 

intergrowth is that between altaite, hessite, petzite and locally, galena (Fig. 9e). 

Au associated with these intergrowths typically forms "rinds" (60 - 100 /zm) at the 

altaite/hessite and altaite/petzite interfaces, with Au possibly replacing hessite 

and petzite, respectively. Au contained in coarser grained hessite (Fig. 9f) may 

show an irregular, "veinlet" type habit. Altaite, which commonly accompanies 

galena, often contains inclusions (40 - 80 //m) of Au and may be rimmed (possibly 

with minor replacement) by Au. Au also occurs at altaite/tellurobismuthite 

interfaces, mantling inclusions of tellurobismuthite in the altaite. A similar habit 

is shown by Au where intergrown with galena, tellurobismuthite and tetradymite. 

Replacement of nagyagite laths by Au is typically focussed along cleavage within 

the laths, forming fine Au lamellae.

Vein Paragenesis

Problems in representing vein parageneses arise when considering the 

sequence of mineral deposition in a vein system where multiple injections of 

mineralizing fluid are involved. Possible overprinting of early mineralizing 

"events" by later "events" may lead to bewildering complexity in the overall 

paragenesis of such a system.

This problem was overcome by Robert & Brown (1986) in their study of Au- 

quartz vein mineralization at the Sigma Mine by establishing that paragenetic 

relationships were consistent within individual "ribbons" comprising the
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composite vein, and then considering the paragenesis of an idealized, single 

"ribbon", representing one of the several mineralizing "events". Complications of 

strain at Sigma were alleviated by focussing on less strained horizontal tensional 

veins which formed contemporaneously with the main subvertical shear-hosted 

veins. In the Renabie area, delineation of individual ribbons (or sub-veins) 

comprising the "banded" veins, notably in more massive (possibly composite) 

quartz veins, is often not easy due to superimposed deformation. This problem, 

coupled with variation between sub-veins in the abundance and relative 

proportions of certain important minerals, makes consistency within individual 

sub-veins sometimes difficult to establish. Despite these problems, observations of 

fairly consistent textural relations in an extensive sample suite providing good 

lateral and vertical coverage within the "banded" vein systems at Renabie, suggest 

that individual mineralizing "events" were most likely of a very similar nature, 

even though the relative proportions of phases associated with individual 

mineralizing "events" varied.

Sub-vein paragenetic sequence

Fig 10, therefore, is based on the approach of Robert SL Brown (1986) and 

shows a general paragenetic sequence for an individual, idealized sub-vein 

(representing a single mineralizing "event") within the "banded" veins. Minimal 

interpretation has been applied to this paragenetic diagram, which simply depicts 

paragenetic relationships as indicated by the habits and textures (both 

macroscopic and microscopic) currently displayed by the major vein forming 

minerals, as described in detail in the previous section. The main points implicit 

in the diagram are summarized below, together with some of the key textural 

evidence.
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Rutile and hematite appear to be some of the earliest formed minerals within 

the "banded" veins, occurring as inclusions in tourmaline, carbonate, anhydrite, 

pyrite and sericite. Much of the rutile and hematite are probable secondary 

replacements of primary igneous Ti and Fe bearing phases in the host 

tonalite/trondhjemite, being generally associated with variably altered wallrock 

foliae. Hematite persists through to the final stages of the paragenesis however, 

occurring (often with anhydrite) in late, deformation related fractures.

Tourmaline, anhydrite, carbonate and pyrite all occur as marginal selvages 

within sub-veins, indicating early deposition with the latter three minerals also 

forming pods and stringers more central to sub-veins, suggesting continued 

deposition later during sub-vein filling. All these minerals show evidence of 

variable degrees of superimposed deformation and possibly some remobilization. 

Pyrite, commonly showing brittle deformation, also exhibits features (e.g., highly 

inequant grain shapes, local annealing and impacted grains) suggestive of 

pressure solution mechanisms of deformation which may have been facilitated by 

a grain boundary fluid phase. This aspect will be discussed further. Minor early 

deposition of galena, chalcopyrite, tellurides and Au may have accompanied the 

precipitation of pyrite, as indicated by minor inclusions of these minerals in 

pyrite.

Quartz forms the bulk of the vein fill, enclosing the early formed phases, and 

exhibits features (e.g., undulose extinction, deformation bands, new grain 

formation) indicative of variable degrees of syn-tectonic recrystallization. 

Deformation in the quartz is commonly focussed along discrete planes of shearing 

within veins. Minor amounts of quartz were being precipitated during 

deformation as indicated by fibrous quartz filling fractures in and around brittly 

deformed pyrite. Sericite and closely associated molybdenite both form inclusions 

in pyrite but more commonly surround and enclose pyrite, suggesting apparently
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later deposition. Some deformation is evident in the form of kink bands, minor 

recrystallization and folded foliae though it is possible that these minerals may 

have recrystallised fairly readily. Sericite inclusions within quartz may be quite 

early, while those focussed along grain boundaries may be associated with later 

fluids active at quartz grain boundaries. Late sericite, commonly co-structural 

with galena, chalcopyrite, tellurides and Au (plus minor carbonate and anhydrite) 

often fills fractures in quartz.

The bulk of the galena, chalcopyrite, tellurides and Au are intimately 

associated in a variety of habits, typically coating and filling fractures in 

deformed pyrite, as highly irregular "interstitial" grains in quartz gangue, filling 

variably continuous fractures in quartz parallel to the overall shear deformation 

related "banded" vein fabric (often accompanied by sericite plus minor carbonate 

and anhydrite) and finally as solid inclusion trails representing variably healed, 

mineralized fractures. In general, where intergrown with sericite and 

molybdenite, the galena, chalcopyrite, tellurides and Au typically show an 

interstitial habit with respect to these two minerals. Importantly, many of these 

currently displayed habits indicate that the deposition of this mineral association 

post-dated that of pyrite (as well as much of the molybdenite and sericite) and was 

focussed in deformation controlled sites. Occupation of these sites, therefore, may 

reflect either very late, totally post-deformational, primary deposition within 

these sites after the bulk of the "banded" vein had formed (i.e., through 

infiltration of a late fluid carrying significant quantities of these phases) or, more 

likely, pre- and/or syn-deformational deposition during "banded" vein formation, 

comprising remobilization into, and/or primary deposition within, these shear 

deformation induced sites (with further superimposed strain and remobilization in 

the latter case).
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General timing of galena, chalcopyrite, telluride and Au mineralization

In order to constrain better the timing of galena, chalcopyrite, telluride and 

Au depsition with respect to deformation, it is necessary to critically examine some 

of the broader scale features of the "banded" veins, as well as some of the more 

detailed features, which may be pertinent to the timing of deposition of galena and 

the associated mineral suite.

A key observation is the marked heterogeneity developed within the "banded" 

veins, where the sulphide (pyrite, galena and chalcopyrite), telluride and Au 

content varies widely between individual sub-veins and sub-vein zones, but are 

fairly persistent within these individual sub-veins or sub-vein zones e.g., the 

barren foot wall zone compared with the high grade galena rich hanging wall 

shoot (comprising a number of sub-veins), 3265' level. This extremely important 

feature suggests that deposition of both the gangue and more importantly, all the 

opaque mineral phases (i.e., pyrite, galena, chalcopyrite, tellurides and Au) within 

the banded veins was controlled at the sub-vein level, with precipitation of 

variable amounts of these gangue and opaque minerals during each sub-vein 

"event". This interpretation has quite profound implications regarding 

deformation of the mineralization since, if the model for syn-deformational 

formation of the "banded" veins (i.e., each sub-vein was emplaced and deformed 

with the earlier formed sub-veins comprising the "banded" vein) as proposed by 

Callan &L Spooner (1987) is correct, then all mineral phases (including galena, 

chalcopyrite, tellurides and Au) have, therefore, necessarily been subjected to 

deformation. The degree of strain superimposed on mineralization within a given 

sub-vein would be expected to be greater in early formed sub-veins and less 

marked in later formed sub-veins, within the overall "banded" vein.
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This critical inference suggests that the present lack of evidence of 

intragranular deformation (at least, via dislocation processes) in etched galena is 

not a reflection of very late, post-deformational primary deposition of essentially 

all of the galena (and closely associated minerals), but is the result of annealing 

recrystallization (e.g., Stanton & Gorman 1968, Lawrence 1972). This process is 

generally favoured by high temperature thermal metamorphism (Lawrence 1972, 

Clark et al. 1977), but even at the lower temperatures typically associated with 

Archean lode Au deposits (i.e., 200 - 4900 C; Roberts 1987), it seems quite 

reasonable that such a process may have occurred, given the amount of time 

available for annealing. However, it should not be assumed that deformation had 

occurred entirely by dislocation processes. As will be discussed further in the next 

section, a number of textural features displayed by the opaque phases (e.g., pyrite 

and galena) suggest that significant deformation may also have occurred by mass 

transfer processes (e.g., pressure solution) which would also tend to erase any 

evidence of a component of deformation by dislocation processes.

A number of other considerations also suggest that an interpretation of very 

late, totally post-deformational deposition of galena, chalcopyrite, tellurides and 

Au described above is unlikely. Such a process would result in a more 

homogeneous distribution of these minerals throughout the "banded" veins, 

making explanation of the observed "barren" zones rather difficult. Local cross 

cutting relationships between late stage galena, chalcopyrite, telluride and Au 

mineralization and the "banded" vein fabric might also be expected, in contrast to 

the concordancy of fabric exhibited by these minerals with the overall "banded" 

vein fabric. Finally, observed variation in the habit of galena, correlating with 

the degree of strain in the enclosing vein material, would not be expected if all 

galena (and the closely associated mineral suite) was emplaced after essentially all 

deformation had ceased.
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Deformation: Mechanisms and Textural Evidence

Whilst mineral textures and habits are clearly paramount in deducing vein 

paragenesis, they may also, in cases where the mineralization has been deformed, 

provide important information as to the deformation mechanisms which may have 

operated during deformation of the mineralization (e.g., McDonald 1967, Guha & 

Koo 1975, McClay & Ellis 1983, Boulter et al 1987). In the previous section it was 

argued that all phases of the mineralization at Renabie had been subjected to 

deformation. Here, textural features shown by the mineralization are discussed 

with respect to possible mechanisms through which this deformation may have 

been achieved.

In the "banded" veins at Renabie optical strain features shown by the quartz, 

carbonate and anhydrite include undulose extinction, deformation bands and 

lamellae, recrystallization to form new grains (with local core and mantle 

structures) and mechanical twinning. These features, as noted earlier, clearly 

underline the importance of dislocation creep (i.e., glide and climb of dislocations) 

as a deformation mechanism in these minerals (White 1973, 1976, 1977; Muller et 

al. 1981). In contrast, pyrite commonly shows brittle deformation in the form of 

abundant fracturing and grain disaggregation indicating that physical properties 

of the minerals exert important local controls on the dominant deformation 

mechanisms. Studies of naturally and experimentally deformed- pyrite by Couderc 

et al. (1980) and Cox et al. (1981), respectively, indicate that, in addition to brittle 

behaviour, some deformation by dislocation creep may be expected within the 

greenschist facies. Etching of pyrite would be required to establish the 

significance of this process at Renabie.
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Interestingly, a number of studies of deformed mineralization in ductile 

shear zones e.g., the Golden Mile, Kalgoorlie (Boulter el al. 1987) and the 

Henderson Cu-Au deposit near Chibougamau (Guha & Koo 1975) have indicated that 

deformation by mass transfer processes was an important mechanism in these 

particular cases.

Mass transfer may occur through a number of diffusive mechanisms 

including Nabarro-Herring creep where diffusion occurs through the bulk of the 

grain (Nabarro 1948, Herring 1950), Coble creep where diffusion occurs via the 

grain boundaries (Coble 1963) and by pressure solution (Durney 1972, 1976; Elliot 

1973; Rutter 1976) where the diffusion path is via a grain boundary fluid phase. 

In general these processes involve the diffusional mass transport of material from 

points of high normal stress to points of low normal stress, leading to grain shape 

change (e.g., elongate or flattened grains). The transported material may be added 

to the original grain, in which case mass is conserved, or may be totally removed 

and re-deposited (i.e., long range diffusion) in other areas of low normal stress 

(e.g., on other more favourably oriented grains, within tensional fractures in 

other minerals and in pressure shadows). In this case mass is lost from the 

original grain. Boulter et al. (1987) stress the importance of a mobile fluid phase 

carrying dissolved components of interest throughout shear zones as providing a 

mechanism for long range mass transfer.

A number of lines of textural evidence are cited by Boulter et al. (1987) for 

the significant role of mass transfer mechanisms; the spaced mica cleavage (a 

feature interpreted elsewhere as a result of pressure solution e.g., Durney 1972, 

Beach 1979), spaced cleavages defined by opaques, mineral grains (especially 

pyrite) showing elongate morphology with marked flattening adjacent to mica 

cleavage seams and lastly, the abundance of mineralized intragranular and 

transgranuiar fractures. In their study at Henderson, Guha te Koo (1975) suggested
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that observations of more "ductile" opaques (e.g., chalcopyrite and pyrrhotite) 

localized along chlorite cleavage, within pressure shadows around pyrite and 

filling fractures in brittly deformed pyrite were indicative of solid state 

remobilization (i.e., mass transfer) in the deformed, shear zone-hosted orebody. 

Studies by Ellis & McClay (1983) of naturally deformed pyrite metamorphosed at 

greenschist facies conditions showed that, in addition to evidence of ubiquitous 

brittle deformation (notably in coarser grained pyrite), there was also abundant 

evidence of significant deformation by diffusive mass transfer processes. 

Evidence for the latter included penetrative cleavage development in pyrite 

grains, indented pyrite grains, elongation of pyrite grains with formation of a 

pyrite linear fabric, pyrite grain overgrowths and finally grain 

growth/annealing textures. Pressure solution appeared to be a common 

phenomenon within discrete cleavage bands and minor shear zones.

Many of the features described in the above studies have been observed in 

the "banded" veins at Renabie and are consistent with the interpretation that, in 

addition to dislocation processes and brittle fracturing, mass transfer processes 

may have been locally important during deformation of the "banded" vein 

mineralization. As noted previously, pyrite grains show inequant prismatic and 

tabular habits, both where hosted in more massive quartz and also notably where 

associated with sericite seams and foliae (c.f. Boulter et al. 1987). Also shown by 

pyrite are occasional impacted grains and local annealing textures (especially in 

finer grained pyrite aggregates), indicative of pressure solution' and growth of 

pyrite, respectively.

The textures and relationships exhibited by galena, chalcopyrite, tellurides 

and Au (i.e., forming foliation parallel "seams" and veinlets, filling tensional 

fractures within brittly deformed pyrite grains, filling intragranular and 

transgranular fractures in quartz, and occupying interstices between, or filling
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cleavage in, sericite laths) represent the types of habit one would expect from a 

significant component of deformation by mass transfer type processes. All are 

suggestive of remobilization either into sites of low normal stress or into 

configurations energetically most stable under the stress field associated with 

shear deformation (i.e., mass transfer normal to the maximum compressive stress 

and parallel to the minimum compressive stress).

The results of the experimental work of Atkinson (1976) on the deformational 

behaviour of galena suggest that at temperatures in the range 300 - 4000 C and at 

strain rates of between 10 and 10" * see"* (i.e., typical of large scale folding and 

related tectonic events; Price 1975) deformation of galena by diffusive mass 

transfer (probably Nabarro-Herring creep in this case) may be significant (with 

respect to deformation by dislocation creep) provided grain size does not exceed a 

few mm. The finer galena, telluride and Au grains and wires in particular may 

have deformed by such a mechanism.

More importantly, the presence of a grain boundary fluid phase (very likely 

at Renabie given the interpreted repetitive nature of the highly pressurized 

mineralizing pulses) may have facilitated pressure solution e.g., by enhancing 

diffusion within grains through an adsorbed fluid layer at stressed grain 

interfaces (Rutter 1976) or possibly through a variably mobile grain boundary 

fluid permitting long range mass transfer i.e. pressure solution and bulk solution 

flow (Durney 1976). Mass transfer processes of this type were probably not 

confined to the opaque phases. Such processes are likely to have been important 

in the remobilization of gangue minerals (e.g., carbonate and anhydrite) from 

primary depositional sites (e.g., marginal selvages) into shear deformation 

generated sites (e.g., shear planes, fractures and quartz grain interstices).

Finally, it is perhaps interesting to speculate on whether the sericitic foliae 

and seams in the "banded" veins at Renabie (many of which represent intensely
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altered wallrock foliae) are behaving in an analogous manner to the spaced mica 

cleavage (5 - 10 cm scale, and concordant with lode structures) described from the 

Golden Mile by Boulter et al. (1987), acting as sites of pressure solution during 

shear deformation. The slow response of phyllosilicates to deformation by 

pressure solution (Kerrich &L Allison 1978) would lead to their concentration and 

alignment through rotation (or possibly recrystallization by dislocation creep) 

within the foliae and seams. Other phases (e.g., pyrite, galena, tellurides and Au) 

which, at Renabie, are often associated with these foliae and seams, may be more 

susceptible than the sericite to pressure solution effects, notably where these 

minerals occur in close proximity to stress risers (Selkman 1983) e.g., pyrite. 

Consistent with this interpretation would be the locally inequant nature of pyrite 

associated with sericite foliae, the typically interstitial habit of galena, 

chalcopyrite, tellurides and Au with respect to sericite in these foliae and the 

localization of these minerals in fractures which commonly link strings of spaced, 

often inequant, pyrite grains.

Evolution of the Banded Veins

In this section the paragenetic evolution and inferred mechanisms of 

deformation are integrated with the interpretation of Callan & Spooner (1987, 

1988) for syn-deformational vein formation in a discussion of the evolution of the 

"banded" veins at Renabie. Attention will be focussed on a single, idealized, 

mineralizing "event" (presently represented by a discrete sub-vein showing the 

fully developed mineral paragenesis) within the actively deforming shear zone. 

Repetition of such mineralizing events, both in space and time, but within the 

confines of the host shear zone, appears to have been a key factor in generating 

the substantial widths exhibited by the overall "banded" vein. In this discussion,
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paragenetic relationships will be approached from a very broad standpoint since, 

in a deformed system, it is particularly difficult to distinguish primary 

relationships from those which represent considerable modification due to 

superimposed strain. Microscaie observations, in particular, often tend to reflect 

deformation processes and may therefore be misleading if applied to the 

paragenetic interpretation in too much detail.

Fracture initiation

Increased fluid pressure associated with the mineralizing "event" within the 

shear zone would have initiated hydraulic fracture and the creation of a fluid 

filled open crack space. Initial fracture may have been localized along shear 

fabric anisotropy in the altered wallrock, at previous wallrock/vein interfaces, or 

possibly along prominent shear planes within, or between, pre-existing sub- 

veins. The fracture would remain open, allowing passage of fluids, as long as the 

fluid pressure exceeded the effective normal stress acting on the shear zone. No 

shear stress would be transferred across this fluid filled space. In many cases, 

fluctuation of fluid pressure may have resulted in more incremental opening of 

vein structures. Mineral deposition associated with each increment (e.g., 

formation of pyrite and carbonate selvages), would contribute to the fabric 

displayed by the mineralization:
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Early open space vein filling

Tourmaline, anhydrite, carbonate and pyrite, observed as marginal selvages, 

were probably some of the earliest minerals to precipitate on the walls of the 

newly formed fracture, trapping inclusions of secondary rutile and hematite. 

Deposition of these minerals continued throughout the open space sub-vein filling 

episode, forming more central pods and stringers within the sub-veins, and was 

accompanied by precipitation of sericite, molybdenite and quartz with the latter 

forming by far the bulk of the sub-vein fill.

Galena, chalcopyrite, telluride and Au deposition

The interpreted deformed nature of the galena, chalcopyrite, tellurides and 

Au, together with their localization within deformation controlled (and probably, 

therefore, largely secondary) depositional sites, leaves much ambiguity regarding 

the absolute timing of their deposition. The fact that they are deformed however, 

indicates that primary deposition may have occurred prior to deformation during 

sub-vein filling, after sub-vein filling during subsequent shear deformation, or 

possibly over a more protracted period involving a combination of these 

alternatives. The first two depositional scenarios are considered in some detail 

below. The latter possibility simply comprises a continuum of primary galena, 

chalcopyrite, telluride and Au deposition during open space sutr-vein filling and 

throughout subsequent shear deformation following sealing of the sub-vein.
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Deposition during open space sub-vein filling, followed by deformation

As noted earlier, textural evidence establishes quite clearly that (in their 

current position) the bulk of the galena, chalcopyrite, tellurides and Au post-date 

the deposition of pyrite. However, the presence of minor inclusions of these 

phases in pyrite invites speculation as to the possibility that galena, chalcopyrite, 

tellurides and Au were originally co-precipitated with pyrite during open-space 

filling (occurring as abundant inclusions within the pyrite e.g.. Hollinger; Wood 

et al. 1986) and that subsequent total recrystallization of the pyrite liberated 

volumetrically significant amounts of these phases from the pyrite (e.g., 

Romberger 1986). Though this possibility cannot be refuted entirely, it is thought 

to be unlikely for two reasons. Firstly, evidence which may be interpreted as 

being indicative of annealing recrystallization, pyrite grain growth and 

solution/re-deposition of pyrite appears not to be sufficiently widespread to 

account for the volume of liberated galena, chalcopyrite, tellurides and Au. 

Secondly, as previously discussed, pyrite may be totally absent from some galena, 

telluride and Au rich stringers suggesting that these minerals were unlikely to 

have been derived locally from recrystallization of pyrite.

An alternative, and more likely possibility, is that galena, chalcopyrite, 

tellurides and Au deposition occurred during open space vein filling, but with 

nucleation around the generally earlier deposited pyrite, together with 

precipitation as more isolated grains. Deformation of all the -constituent vein 

minerals via dislocation processes and more importantly mass transfer processes 

(with remobilization of galena, chalcopyrite, tellurides, Au, anhydrite and 

carbonate into structurally controlled sites e.g., shear planes and micro fractures) 

would have commenced once continuity had been established between 

precipitating minerals across the vein (thus allowing transference of shear
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stress). The resultant textures exhibited by the galena, chalcopyrite, tellurides and 

Au would leave little indication, however, of their original primary depositional 

nature. The rarity of any preserved euhedral grains (especially in galena) might 

be taken as evidence against this alternative, though this is probably a reflection 

of the susceptibility of galena (and the associated mineral suite) to superimposed 

deformation and remobilization.

Syn-deformational deposition after open space sub-vein filling

In this case, galena, chalcopyrite, tellurides and Au were essentially deposited 

from later fluids (associated with each sub-vein "event") active during 

deformation in the sub-vein. As noted above, shear deformation within the sub- 

vein would commence once continuity had been established across the sub-vein 

(even if only locally) with the early deposited carbonate, anhydrite, quartz and 

pyrite deforming via a combination of dislocation processes, mass transfer 

processes and brittle fracturing. Late galena, chalcopyrite, telluride and Au 

bearing fluids may have utilized any minor residual permeability (e.g., vugs) 

remaining in the sub-vein, but were predominantly focussed within shear 

deformation induced sites (e.g., shear planes and microfractures within gangue 

and earlier deposited opaque minerals, notably pyrite). Dilation of these sites may 

have been enhanced by locally increased fluid pressure associated with the late Au 

bearing fluids. The variably developed effects of the late stage galena, 

chalcopyrite, telluride and Au bearing fluids associated with each sub-vein 

"event" were largely restricted to the specific sub-veins and the immediately 

adjacent areas, thus preserving the compositional heterogeneity observed at the 

sub-vein and sub-vein zone scale. Once deposited, the galena, chalcopyrite, 

tellurides and Au would then be subjected along with the rest of the sub-vein, to
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continued deformation by dislocation processes and, particularly in the case of 

galena and the associated mineral suite, by mass transfer processes. As discussed 

previously, the latter process may have contributed significantly to the 

deformational fabric exhibited by the mineralization. In this particular scenario, 

some of the habits currently exhibited by the galena, chalcopyrite, tellurides and 

Au may be at least analogous to their original primary depositional nature since 

the secondary sites occupied by these minerals through remobilization are 

essentially the same types of sites as would have been occupied during syn- 

deformational primary deposition.

The textures shown by the galena, chalcopyrite, tellurides and Au in this case 

would not permit distinction between this alternative and pre-deformational 

deposition during open space filling as described above since, in both cases, 

textures are reflections of deformation, common to both scenarios, and are 

unlikely to have preserved significant evidence of original primary depositional 

relationships.

Once totally formed, each individual sub-vein would undergo continued shear 

deformation (together with all the previously formed sub-veins) with further 

hydraulic fracturing and sub-vein formation occurring simultaneously elsewhere 

in the actively deforming, mineralized shear zone. These too underwent continued 

shear deformation once completely formed. Sub-vein addition to the "banded" 

vein persisted until the mineralizing fluid reservoir was exhausted. Evidence of 

strain, even in the least deformed samples, suggests that shear deformation 

continued after the final sub-vein mineralizing "events" though at this stage the 

intensity of shear deformation may well have been waning. Slickensides 

(typically parallel to sub-parallel with ductile lineations e.g., mineral elongation 

lineations) associated with the more prominent shear planes within the "banded"

156



veins, reflect late brittle reactivation along these surfaces, associated with the 

final phases of shear deformation.

Discussion

Several early studies (e.g., Mawdsley 1938, White 1943) of variably strained 

Archean Au deposits (e.g., the Mcintyre, Delnite, Cochenour-Willans and Red Lake 

Gold Shore mines, Ont.; the Sigma, Siscoe and O'Brien mines, Que.) have suggested 

that introduction of Au into these systems was a late phenomenon, post-dating 

both the formation of the major quartz vein structures and "cataclastic" 

deformation of the quartz. On the basis of the marked fracture control of Au and 

closely associated minerals (e.g., galena), Au deposition was thought to have 

occurred from a late residual ore fluid during late brittle fracturing with 

preferential percolation of this Au bearing fluid throughout the more highly 

deformed "cataclastic" parts of the quartz veins, thus explaining the typically non 

uniform distribution of Au within the veins. More recent studies, for example at 

Sigma (Robert &L Brown 1986) have also favoured the late introduction of Au and 

closely associated tellurides on similar textural grounds.

Evidence presented in the preceeding sections appears to indicate that in the 

case of the Au mineralization at Renabie, Au (plus galena chalcopyrite and 

tellurides) was not introduced after formation of the bulk of the "banded" quartz 

vein, but was deposited towards the end of each of the sub-yein mineralizing 

"events" which together were responsible for the overall "banded" vein 

formation. As discussed earlier, textural relationships are consistent with the 

interpretation that Au deposition was a relatively late phenomenon within each 

"event", though there is the alternative possibility that deposition may have 

occurred even earlier at the sub-vein filling stage, followed by remobiliLation
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during subsequent deformation (thus generating a similar "late" apppearance). 

The abundant fracture-fill and "interstitial" habits exhibited by much of the Au, 

tellurides, chalcopyrite and galena may thus be explained by primary deposition 

within, or remobilization into, these more brittle dilational sites (especially under 

locally increased fluid pressures) actually during the brittle-ductile shear 

deformation which followed sub-vein filling.

The uncertainity as to the original depositional nature of the Au (and 

associated tellurides, galena and chalcopyrite) documented in this contribution 

clearly poses problems in the application of fluid inclusion studies to constrain the 

nature of the Au depositing fluids at Renabie. Previous fluid inclusion studies 

carried out by Kilias (1984) and reported by Studemeister and Killas (1987) have 

addressed neither the detailed paragenesis of the Au, nor the petrography of their 

examined fluid inclusions - both critical stages in establishing exactly which fluid 

inclusions are most closely related to the Au itself. It is quite evident from this 

detailed vein paragenetic study that the true primary relationships are extremely 

difficult to prove unequivocally in such a deformed system. Therefore, until such 

time as the true paragenetic affinities of the Au can be unravelled, the validity of 

fluid inclusion studies at Renabie will remain questionable.

Conclusions

1. Economic, shear zone-hosted Archean Au quartz veins in the Renabie area 

attain widths on the order of 30 m and show a distinctive "banded" geometry 

defined by the alternation of constituent sub-veins and altered wallrock 

inclusions and foliae. In the light of a number of macroscopic strain features 

shown by the mineralization, evidence for reaction-enhanced ductility associated 

with fluid/rock interaction and evidence for high fluid pressures, Callan &
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Spooner (1987, 1988) suggested that the "banded" veins were the cumulative result 

of repeated hydraulic fracturing and sub-vein formation within actively 

deforming brittle-ductile shear zones in response to overpressured fluid 

injections. Evidence presented in this contribution indicates that these individual 

sub-vein mineralizing "events" were of a very similar nature with deposition of 

all gangue minerals, sulphides, tellurides and Au occurring at each discrete sub- 

vein "event", though the actual proportions of these phases varied widely between 

individual sub-veins and sub-vein zones. The latter variation has resulted in wide 

compositional heterogeneity within the overall "banded" vein.

2. Macroscale and microscale strain features shown by the gangue and opaque 

mineral phases indicate that all minerals within each sub-vein were subjected to 

deformation through a variety of mechanisms once formation of each sub-vein 

was complete. Given that generation of some shear fabric occurred prior to the 

earliest sub-vein formation (as evidenced by shear fabric control on the 

orientation and location of sub-veins), these strain features confirm the 

interpretation of Callan & Spooner (1987, 1988) that sub-vein formation (and 

hence overall "banded" vein formation) was essentially synchronous with shear 

deformation.

3. Strain was accommodated in much of the gangue (and possibly in some of the 

opaque phases) by crystal plastic deformation processes. Significantly, however, 

mass transfer processes e.g., pressure solution appear to have been particularly 

important in the deformation of the opaque mineral phases, notably pyrite, 

chalcopyrite, galena, tellurides and Au. Many of the habits currently displayed by 

these mineral phases are consistent with such an interpretation.

4. In its current form, free Au is intimately associated with a variety of telluride 

minerals (including the Au tellurides calaverite and petzite), galena and, to a 

slightly lesser extent, chalcopyrite. Complex associations representing
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intergrowths and possible replacements are observed between these phases in a 

number of habits and occurrences, notably fracture fills in quartz and pyrite, 

coating pyrite and as more discrete, "interstitial" grains in quartz gangue.

5. Interpretation of the paragenetic evolution of the "banded" veins has been 

seriously complicated as a result of the superimposed strain. Consideration of 

mineral habits and occurrences in outcrop and hand specimen indicates fairly 

clearly that tourmaline, carbonate, anhydrite, pyrite, molybdenite and sericite 

deposition occurred throughout each open space sub-vein filling episode (though, 

on the microscale in particular, it is quite apparrent that some remobilization of 

these minerals has occurred). However, the degree of deformation superimposed 

on the more easily remobilized Au, tellurides, galena and chalcopyrite (and hence 

the probability of significant modification of their primary depositional habits) 

leaves some uncertainty as to their true paragenetic affinities. Three possibilities 

have therefore been entertained; primary deposition of Au, tellurides, galena and 

chalcopyrite occurred essentially during open space sub-vein filling, primary 

deposition occurred from late fluids (associated with each sub-vein event) active 

during deformation which followed sub-vein filling, and finally, primary 

deposition occurred throughout both open space filling and subsequent 

deformation.

6. Uncertainity regarding primary depositional relationships is likely to be a 

commonly recurring problem in detailed paragenetic studies of strongly deformed 

mineralization and may present difficulties in the interpretation of subsequent 

fluid inclusion and stable isotope studies.
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FIG. 1. Location and regional geological setting of the Renabie Mine (modified 

after Percival 1986).
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FIG. 3. Banded vein characterisitics: a. Banded vein, Nudulama West Pit (vein is 

approximately 10 m wide), b. Banded vein, 3265' level, Renabie Mine. c. Quartz 

spur showing high angle cross-cutting relationship with shear foliation, 3265' 

level, Renabie Mine. d. Massive quartz vein in barren footwall of the main 

zone, 3265' level, Renabie Mine.
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FIG. 4. a. Sample of "banded" vein from the main zone, 3265' level, showing 

development of wallrock foliae through interpreted hydraulic fracturing 

focussed at vein/wallrock interface. b. Banded vein material from Nudulama 

showing more massive quartz sub-veining alternating with laminae of 

intensely sericitized and pyritized wallrock.
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FIG. 5. a. Elongate marginal selvage of tourmaline. Braminco #21 vein. b.

Elongate marginal selvages of carbonate (CA) associated with wallrock foliae 

and inclusions, 3265' level, Rcnabie Mine. c. Early generation carbonate (CA) 

from "banded" vein showing evidence of variable degrees of strain in the form 

of mechanical twinning, bent twin lamellae and local grain-size reduction with 

the latter most evident in carbonate showing an intersitial -habit with respect 

to quartz (QZ). d. Late carbonate (CA) and associated galena (GAL) filling 

fractures in quartz which radiate from pyrite (PYR) hosted in the quartz. e. 

Early anhydrite (ANHY) showing grain-size reduction and rcmobilization into 

shear fabric-parallel fractures with associated hematite (HEM), 3375' level,

Renabie Mine. f. Anhydrite (ANHY) co-structural with chalcopyrite (CPY), 

galena (GAL), hessite (HESS) and tellurobismuthite (TEBI) in late fracture fill in

quartz gangue.
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FIG. 6. a. Pyrite stringers in quartz defining a foliation concordant with overall 

"banded" vein foliation, 3265' level, Renabie Mine. b. Inequant, prismatic 

subhedral to euhedral pyrite grain (PYR) showing brittle extension fractures 

which have subsequently been infilled with galena (GAL). The sample is from 

a galena rich hanging wall shoot, 3265 1 level, Renabie Mine. c. Brittly 

deformed pyrite (PYR) showing variable degrees of grain disaggregation, 

Nudulama vein, 1400' level, d. Annealed texture in pyrite (PYR), showing 1200 

planar grain boundaries.
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FIG. 7. a. Quartz showing inhomogeneous strain with sharp juxtaposition of a high 

strain, finer grained sericite (SER) rich domain against a lower strain, coarser 

grained domain of quartz (QZ) showing undulosc extinction and weakly 

corrugated grain boundaries. b. Molybdenite (MOLY) laths and sheaves 

enclosing and abutting against pyrite (PYR) and also occurring as euhedral 

inclusions in the pyrite (PYR). c. Chalcopyrite (CPY) enclosing, filling 

fractures within, and replacing pyrite (PYR) in association with minor 

anhydrite (ANHY). d. Galena (GAL) with closely associated altaite (ALT) and Au 

showing typical fracture fill habit in quartz (QTZ). Banded vein foliation is 

parallel with the bottom edge of the photograph. Note the trails of solid 

inclusions (arrowed) in quartz gangue and at the terminations of galena filled 

vcinlets. e. Secondary fluid inclusion trails radiating from -the termination of 

a galena (GAL) filled fracture, f. Galena (GAL) showing typical enclosing and 

coaling habits with respect to pyrite (PYR). Note the unstrained nature of the 

galena as evidenced by the planar arrays of cleavage pits.
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FIG. 8. a., b. Etched galena (GAL) grains (ranging in habit from more equant to 

irregular, "wire-like" grains) showing excellent crystallographic continuity 

with little evidence of any sub-structure typically associated with deformation 

via dislocation processes (e.g. kink bands, primary recrystallization).
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FIG. 9. a. Complex intergrowth of tellurobismuthite (TEBI), tetradymite (TET), 

hessite (HESS) and galena (GAL). b. Solid inclusion trails cross-cutting quartz 

grain boundaries and areas of recrystallized quartz. c. Au, chalcopyrite (CPY) 

and galena (GAL) coating pyrite (PYR). d. Altaite (ALT) and closely associated 

Au showing an interstitial habit with respect to sericite (SER). e. Complex 

association of altaite (ALT), hessite (HESS), petzite (PETZ), Au, chalcopyrite 

(CPY) and galena (GAL), f. Au and closely associated hessite (HESS), galena 

(GAL) and chalcopyrite (CPY) filling a fracture radiating from pyrite (PYR).

180



HEMATITE

TOURMALINE

CARBONATE

ANHYDRITE

PYRITE

QUARTZ

MOLYBDENITE

SERICITE

CHALCOPYRITE

BORNITE

GALENA

TELLURIDES

AU
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the overall "banded vein".
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D. Appendices
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1. Stable Isotope Data
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# Sample Description Parag. 6 13C PDR 
Posn.

534 S CDT 5 18O SMOW

Rn 85- 3 Weakly strained, granular 2 -4.42(C) 
tonalite, shaft area, 3105' level

Rn 85-10 Granular tonalite, shaft area, 2 -6.07(C) 
3105' level

Rn 85-13 Granular tonalite, main drift, 2 -3.63(C) 
3105' level.

Rn 85-35 Intergrown anhy and py assoc. 3 
with ser stringers and qz.

Rn 85-42 Qz and carb from MMZ, barren 3 -4.34(C) 
zone, 3105' level.

Rn 85-43 Qz and carb from MMZ, barren 3 -4.33(C) 
zone, 3105' level.

Rn 85-46 Qz, anhy, py from moly bearing 4 
flat veins, barren zone, 3105' 
level.

Rn 85-48 Carb assoc with late py bearing ? -3.17, -2.95(C) 
hem joints in gn trond, S expl 
cross-cut, 3105' level.

Rn 85-58 Carb from MMZ, #1 drift, 3205' 3 -4.47, -4.62(C) 
sub-level.

Rn 85-61 Py and carb assoc a with flat 5 -6.16(C) 
lying (post MMZ) aplite, 3205' 
level.

Rn 85-63 Qz and py from MMZ, #3 drift, 3 
3205' sub-level.

Rn 85-66 Anhy, py, carb and qz from 3 -4.09(C) 
MMZ, #2 drift, 3205' sub-level.

2.82(P) -21.57(C)

-22.59(C)

3.59, 4.09(P) -24.36(C)

-3.71(P)
11.46, 11.22(A) 8.30(A)

-22.23(0

-21.66(C)

10.25, 10.8(A) 8.84, 8.74(A)

-24.3, -24.29 
(C)

-21.09, -21.69 
(C)

-22.29(C)

Rn 85-67 Carb from MMZ, entrance to 
FW drift, 3205' sub-level.

Rn 85-68 Qz, py and tell from MMZ, 
FW drift, 3145' sub-level.

Rn 85-70 Anhy from MMZ, FW drift, 
3145' sub-level

3 -4.10(C)

10.9(Q)

-21.28(C) 
10.23, 9.77(A) 9.3, 9.06(A)

-20.39(C)

-5.04(P)

12.75, 12.59(A) 8.66(A)
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Rn 85-73 Carb, qz and py from MMZ, 
FW drift, 3145' sub-level.

Rn 85-79 Anhy, py and qz from minor 
veinlet in gn trond, main 
junction, 3105' level.

74

-3.57(C) -22.02(C)

10.99, 11.19(A) 7.93(A)

Rn 86- 5 Qz, py, ga, anhy from MMZ, 
HW drift, #7-8 drifts, 3265' 
sub-level.

Rn 86- 6 Qz, py and ga with ser, MMZ,
#5 drift, 3265' sub-level.

Rn 86-10 Carb, anhy and py from
MMZ, entrance to #8 drift, 
3265' sub-level.

Rn 86-11 Anhy and qz from MMZ, #4 
drift, 3265' sub-level.

Rn 86-12 Anhy and qz from MMZ,
#4 drift, 3265' sub-level.

Rn 86-13 Anhy and massive qz from MMZ, 3
#6 drift, 3265' sub-level.

Rn 86-14 Py and qz from MMZ, #6 drift, 3 
3265' sub-level.

Rn 86-16 Qz, py, ser and carb from MMZ, 3
#7 drift, 3265' sub-level.

Rn 86-17 Carb from qz, py, carb and anhy 3 
bearing vein, MMZ, entrance to
#8 drift, 3265' sub-level.

Rn 86-22 Py, ga, anhy and qz from MMZ, 3 
HW drift, #7-8 drifts, 3265' 
sub-level.

Rh 86-31 Qz and carb, FW drift, 3235' 3 
sub-level.

Rn 86-34 Qz, ga, py and carb from banded 3 
vein, MMZ, D extn, 1400' level.

-6.4, -6.14(P)
-6.92(G)

10.6(Q)

12.6(Q)

3 .4.07, -4.11(C)
-6.51(P) 
10.48(A)

11.84, 12.1(A)

-21.22, -21.63 
(C) 

9.05(A)

8.85(A)

10.72, 11.15(A)

12.66(A)

-5.69(P)

-4.21(0

-3.98, -4.36(C)

11.32(A)

-4.5(C)

-4.13(C)
-6.27(P)
-5.14(G)

Rn 86-37 Qz, carb and py from MMZ, #5 3 -4.14(C) 
drift, 3265' sub-level.

7.86(A)

8.18(A)

-20.41(0

-19.66(C)

-20.98(C)

-21.96(C)
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Rn 86-41 Py, moly and qz from moly 4 -3.14(P) 
bearing flat veins, barren zone, 
3105' level.

Rn 86-44 Shaft ton from contact at main 2 -4.82(C) 
junction, 3105' level.

Rn 86-53 Py from peg vein hosted in shaft 2c -1.86(P) 
ton, shaft area cross-cut, 3105' 
level.

Rn 86-59 Strained shaft ton, -15 m from 2 -3.66(C) 
contact, main junction, 3105' 
level.

Rn 86-61 Shaft ton, main drift, 3105' 
level.

Rn 86-62 Moly, py, anhy and qz from
moly bearing vein, shaft area, 
3105' sub-level.

Rn 86-63 Moly, py, anhy and qz from
moly bearing vein, shaft area, 
3105' sub-level.

Rn 86-64 Qz and coarse py from ?moly 
bearing flat vein, shaft area, 
3105' level.

2 -5.81, -5.31(C)

-21.03(C)

-21.47(C)

-21.79, -21.05 
(C)

-1.07(P) 
9.43(A)

-3.04, -3.34(P)

-2.78(P)

NES

NES

Rn 86-67 Py from clot in unstrained 2b -0.86(P) 
aplite hosted in shaft ton, 
shaft area, 3105' level.

Rn 86-85 Carb from qz, carb and tour 3 -4.34(C) 
veinlet, MMZ, 3300' sub-level.

Rn 86-89 Py from sulphide rich band in 2 1.72, 1.82(P) 
mafic phase of shaft ton, 1400' 
level.

-22.32(C)

Rn 87-ST Granular shaft ton, E expl cross 2 
-cut, 1400' level.

Rn 87-GT Gneissose trond, lumberyard l 
area, 3105' level.

2.28, 2.49(P) 

4.05, 4.10(P)

DV-3145 Carb and qz from MMZ, #1 drift 3 -4.33, -4.36(C) 
3145' sub-level.

-22.71, -21.99 
(Q
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Br 86- 2 Py, ga, cpy and qz from MMZ, 
HW vein, Br #21 open pit.

Br 86-12 Py and qz from MMZ, HW vein 
Br #21 open pit.

-6.09, -5.68(P)

ND 86-10 Pyr assoc with ser and qz from 
MMZ, Nudulama W pit.

ND 86-26 Au, tell and qz from MMZ, HW 
of E pit, Nudulama E pit.

-6.38(P)
10.9(Q) 

12.6(Q)

Abbreviations: py-pyrite C-carbonate 
cpy-chalcopyrite P-pyrite 
ga-galena A-anhydrite 
tell-tellurides G-galena 

Au-gold Q-quartz 
qz-quartz 
carb-carbonate 
anhy-anhydrite 
ser-sericite 
tour-tourmaline

Analyst: 8 13 C (carbonate), 5 18 O (carbonate and anhydrite)and 8 34 S (pyrite and galena) determinations carried 
out by M.E. Patton, Isotope Laboratory, University of Waterloo, Waterloo, Ont.

5 18O (quartz) carried out by H. Krueger, Geochron Labs., Cambridge, Mass. 

All isotope values quoted in per mil (^). 

Estimated uncertainly: ± 2 loo (2c). 

See figure D 1.1 for explanation of paragenetic codes.
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FIG. D 1.1. Time sequence of intrusive, deformation and

mineralization/alteration events for the Renabie Mine area (numbers in brackets 

are provided for cross-reference with stable isotope samples listed in the 

preceeding table).
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2. Sulphur Isotope Geothermometry
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Method

Temperature estimates for "banded" vein formation have been calculated using 

sulphur isotope fractionations in anhydrite-pyrite and galena-pyrite mineral pairs. 

These mineral pairs were selected specifically from samples of "banded" vein material 

where the minerals of interest were observed to exhibit very intimate relationships, 

thereby maximising the probability of equilibration. Temperatures were calculated 

using the equations of Ohmoto and Rye (1979).

Temperature Estimates

Estimates for the temperature of "banded" vein formation based on the 

anhydrite-pyrite pairs range from 363 0 C to 465 0 C with a combined calculated and 

analytical uncertainly of approximately ± 15 0 C. These estimates are geologically 

realistic and suggest that some degree of isotopic equilibration was locally attained 

between anhydrite and pyrite. Interestingly, the fractionation (D) between the 

calculated means for the bulk anhydrite (x = 11.4 ± 0.9 7oo\ Is, n=8) and pyrite (x = -5.7 

± 0.9 9fcc; Is, n = 8) d^S data also gives a very plausible temperature estimate for vein 

formation of approximately 370 0 C (with a possible range, at the Is level of error, of 

330 0 C to 4250 C) when applied to the SO^" - FeS2 sulphur fractionation curve (see Fig. 

A2). These estimates are consistent with data for the individual mineral pairs and 

suggests that oxidised and reduced S species were in general isotopic equilibrium.

Galena-pyrite mineral pairs gave unrealistically high temperatures ranging 

from 6420 C to 10290 C, indicating that sulphur isotopic equilibrium was clearly not 

attained between these minerals. This result is not surprising since petrographic 

observations suggest that pyrite and galena, in contrast to anhydrite and pyrite, were 

probably not co-depositional within the "banded" vein systems at Renabie.
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FIG. D 2.1. Sulphur isotope fractionation curve for SO" - FeS2, showing 

temperature estimates for "banded" vein formation based on the difference (A x ) 

between mean d^S values for pyrite and anhydrite from the "banded" vein. Also 

shown is the temperature range at the Is level of error. The curve has been 

constructed using the equilibrium fractionation factors for FeS2 - H2S and SO^' - H2S

of Ohmoto and Rye (1979).
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APPENDIX 3

Appendix 3 consists of a reprint of an abstract by N.J. Callan 
and E.T.C. spooner entitled "Trondhjemite/tonalite hosted Archean 
Qu-quartz mineralization, Renabie area, northwestern Ontario: 
shear zone control and geological characteristics". It appeared 
in Shear Zones and Mineralization: A joint meeting of the Mineral 
Deposits Study Group and the Tectonic Studies Group. University 
of Southhampton, October, 1987.
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APPENDIX 4

Appendix 4 consists of a reprint of an article by N.J. Callan and 
E.T.C. Spooner entitled "Gneissose trondhjemite/tonalite hosted 
Au-quartz vein mineralization, Renabie Mine area, Wawa: 
geological characteristics and shear zone control." It appeared 
in Summary of Research, Geoscience Research Grant Program, 1987 - 
1988, Ontario Geological Survey, Miscellaneous Paper 136.
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL 
SURVEY PUBLICATIONS

Conversion from SI to Imperial

SI Unit Multiplied by Gives

Conversion from Imperial to SI

Imperial Unit Multiplied by Gives

l cm3
1m3
1m3

Ig/t 

Ig/t

LENGTH
1 mm
1 cm
1m
1m
1km

0.039 37
0.393 70
3.28084
0.049 709 7
0.621 371

inches
inches
feet
chains
miles (statute)

1 inch
1 inch
1 foot
1 chain
1 mile (statute)

25,4
2,54
03048

20.1168
1.609 344

l cm2 0.155 O
l m2 10.763 9
l km2 0.386 10
l ha 2.471 054

0.061 02 
35.314 7 

1.308 O

AREA
square inches l square inch 
square feet l square foot 
square miles l square mile 
acres l acre

VOLUME
cubic inches l cubic inch 
cubic feet l cubic foot 
cubic yards l cubic yard

0.029 166 6

0.583 333 33

6.451 6
0.092 903 04
2,589 988
0.404 685 6

16387 064
0.028 316 85
0.764 555

0.568 261
1.136 522
4.546 090

28.349 523
31.103 476 8

0.453 592 37
907.184 74

0.907 184 74
1016.046 908 8

1.016 046 908 8

CONCENTRATION
ounce (troy)/ l ounce (troy)/ 34.285 714 2 
ton (short) ton (short) 
pennyweights/ l pennyweight/ 1.714 285 7 
ton (short) ton (short)

CAPACITY
1L
1L
1L

1.759 755
0.879 877
0.219 969

pints
quarts
gallons

1 pint
1 quart
1 gallon

MASS
lg
lg
1kg
1kg
It
1kg
It

0.035 273 96
0.032 150 75
2.20462
0.001 102 3
1.102311
0.000 984 21
0.984 206 5

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)

- tons (short)
tons (long)
tons (long)

1 ounce (avdp)
1 ounce (troy)
1 pound (avdp)
1 ton (short)
1 ton (short)
1 ton (long)
1 ton (long)

OTHER USEFUL CONVERSION FACTORS

l ounce (troy) per ton (short) 
l pennyweight per ton (short)

Multiplied by 
20.0 
0.05

mm
cm

m
m

km

cm2 
m2

km2 
ha

cm3 
m3 
m3

L 
L 
L

g 
kg 
kg

t
kg 

l

pennyweights per ton (short) 
ounces (troy) per ton (short)

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