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-4BSTRACT 

The Con Mine is an epigenetic mesothermal Archean lode gold deposit sited in 

deep seated crustal shear zones that transect 2.70-2.65 Ma volcanic rocks of the 

Yellowknife Greenstone Belt. The economic gold is concentrated within the greenschist 

facies rocks of the Con and Campbell Shear Systems that retrograde amphibolite facies 

metabaalts within the contact metamorphic aureole of the rnultiphase (2634-2604 Ma) 

Western Plutonic Cornplex. Shear deformation and fluid mubility comrnenced at peak 

metamorphic conditions. Protracted retrograde fluid evolution within the shear zones 

occurred in an environment of steep and inverted geothemal gradients. 

The Con Mine hosts both free-milling "meiallic" and refractory "invisible1* gold 

mineralisation. There is no continuum between ore types: free-milling ores display 

heterogeneity in texture. rnineralogy, and alteration both dong strike and down dip 

reflecting prolonged. episodic vein evolution within a brittle ductile deformational regime. 

Free-milling ores are characterised by a muscovite-phengitic muscovite-chlonte-calcite- 

albite-pyrite-pyrrhotite-native gold assemblage associated with folded and boudinaged 

quartz carbonate veins. Temperatures caiculated by the chlorite geothermometry, a subtle 

decrease in goid fineness with depth, and previousl y cdculated fluid compositions indicate 

that free-rnillinp ores formed at temperatures of less than 375°C with NalK c 1 . 8'0 of 

6.8%~. 

Refractory ores occur structurally higher and footwall to hee-rnilling ores in 

productive shear strands. Re fractory ores are characterised by a paragonitic muscovite- AI 

chlorite-FeNg carbonate-arsenopynte-pyrite assemblage associated with ductile 

deformation of pre-existing quartz-carbonate vein systems. The "invisible" refrzctory gold 
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is hostrd in As-rnriched nms of As/S zoned arsenopyrire (up to 1900 ppm Au). and 

locally within As-enriched domains of pyrite grains (up to 450 ppm Au). Calculated 

temperatures of mineralisation are 300-420°C. Na/K > I .  and &"O and GL3C fluid values 

of 9.1%. and -2.27% respectively. 

The arnphiboiite facies environment. greenschist retrogression and presence of 

refractory gold ores makes the Con Mine a unique member among Archean lode gold 

deposits spanning the panulite to subgreenschist facies t e r n e s .  The refractory 

mineraiisation at the Con Mine specificaily relates to an environment that straddles 

structurally deeper arnphiboiite facies and structurally shailower greenschist facies goid 

depositional environments within the Archean gold continuum. 
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CHAPTER 1 

INTRODUCTION 

1 . 1  General Statement and Purpose of Study 

Over 4.5 million ounces of gold have been produced from the Con Mine since its 

discovery in 1936. Collectively. al1 deposits within the Yellowknife Greenstone Belt have 

produced in excess of 14 million ounces of gold from 1938 until present. The majority 

of gold production has been from auriferous quartz veins hosted within ihe Con and 

Campbell-Giant Shear Systems that transect the Yellowknife Greenstone Belt in the 

vicinity of the city of Yellowknife. Since the work of Boyle ( 196 1 ) the gold-quartz vein 

deposits of Yellowknife have been recognised as type examples of shear hosted gold- 

quartz deposits. The subsequent work of Kerrich et al. ( 1977). Kerrich and Allison 

( 1978). and Kerrich and Fyfe ( 1987. 1988) have presented the Yellowknife deposits as 

being typical of Archean shear hosted mesotherrnal goid mineraIization in tems  of fluid 

ceochernistry and vein geometry . Although the geology of the Yellowknife Greenstone 
L 

Belt and of pold deposits hosted within the belt have received a great deal af attention. 

the rnineralo_oy of the ore bodies (Coleman. 1953: Coleman 1957: Boyle. 1961) and 

associated alterat ion (Boyle. 196 1 ) have recentiy not been critically investigated. 

Gross and subtle differences in alteration and vein mineralogy within mesothermal 

oold-quartz systems are attributed to the pressure and temperanire of gold deposition (Le. 
b 

Mueller and Groves. 199 1 ). lithological controls (Bohlke. 1989). and variabiIity with 

depth relative to present day erosional surfaces (Robert and Brown. 1986: Albino. 1988: 

Hagemam and Brown. 1996). The range in conditions for formation of Archean lode 
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gold deposits has led to consideration of a cmstal continuum for these large hydrothemal 

systerns (Ridley et al.. 1996: Hagemann and Brown. 1996). The physical site and 

mineralo_eical nature of gold deposition and the metallurgical behaviour of eold ores is 

srldom addressed in discussions of gold metallogeny. although considerable attention has 

been given to the nature of the depositional sites for refractory "invisible" gold in Fe-As 

sulphides (Cabri. 1992 and references therein). Known occurrences of refractory gold 

ores in mesothermal systems are found in the Red Lake Greenstone Belt (Andrews et al.. 

1986: Tarnocai. 1996). Barbenor, Greenstone belt 1 Anhaeusser. 1986: Cook and 

Chryssoulis. 1990: Cabri et al.. 1989). and Cambrian - Ordovician gold deposits in the 

Central Massif. France (Boiron et al.. 1989: Wu et al.. 1990). Refractory ores are 

located in shears and replacement bodies that transect lithogically complex stratigaphic 

sequences. 

The presence of refractory and free-rnilling gold ores at Yellowknife has been 

previously recognised (Campbell. 1949: Lord. 195 1 : Breakey. 1975: McMurdo. 1975: 

Nikic. 1974: Padsharn and Brophy. 1985: Webb. 1992). Although the zonation from 

refractory ores near surface to free-millins ores with depth is mentioned it has not been 

addressed as a problem until recently (Armstrong. 1992: 1993). The Con and Campbell 

Shears both host refractory and free-milling ore bodies within shears that transect an 

essentially ~eochemically homogenous mafic volcanic stratigraphie sequence. 

The purpose of this smdy is to detail the physical distribution and to characterise 

ore and gangue minerai assemblages associated with refractory and free-milling ores at 

the Con Mine. This thesis specifically documents the relationship of muscovite to free- 

milling and paragonitic muscovite to refractory gold ores. Determination of this 
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previously unrecopised minera1 chernical variability between ore types provides key 

indictor minerals for utilisation in regional exploration. These key differencrs in mineral 

paragenesis also provide an effective and rapid means by which the metallurgical 

propenies of mineralisrd material may be determined. The Con Mine provides an unique 

opportunity to investigare two shear systems hosting distinctly different gold ores in terms 

of metallurgical behaviour and to elucidate the relative timing and evolution history of 

thesr ore types in an Archean mesothermal fluid regime. 

1.2 Location. Access and Physiography 

The Con Mine lease ( 1 l4 '3SW .62"2SN) is situated immediately south of the City 

of Yellowknife. within the cicy limits. Yellowknife. the capital of the Northwest 

Territories. with a population of 17 000 is located on the West shore of Yellowknife Bay 

on the North Arm of Great Slave Lake (Figure 1 .1  ). The mine lease is easily accessed 

by al1 weather ?rave1 roads from Yellowknife. 

The topography of the area surrounding the mine is rugged with low swampy 

areas bounded by steep scarps with topography varying from 10 to 30 metres. Outcrop 

rxposure is excellent and averages around 70-802. Due to weathering and the gouging 

effects of _olaciation. shear zones have recessive weathering features limiting exposure of 

shear zone material to trenched areas and thin wisps along the maoins of linear 

depressions. Operation of roasters at the two gold mines eliminated lichen cover in the 

immediate mine site area with a gradua1 increase away from the mine sites. Outcrop 

exposures along the shores of Yellowknife Bay are well wave washed with minimal lichen 

cover. 





1 . 3  Previous Geolo~ical Investigations 

The Yellowknife Greenstone Belt has been prospected. mined. mapped. and 

debated for over 100 years and represents one of the best preserved slivers of Archean 

crust exposed on Earth. The stratieraph~ has been addressed by: Jolliffe. ( 1938. 1941. 

1946): Boyle. ( 196 1 ): Henderson and Brown. ( 1966): Henderson. ( 1970. 1975. 1985). 

Helmstaedt et a1..(1979): Helmstaedt et al.. (1986): HeImstaedt and Padzham (1986a.b). 

Bullis et al.. ( 1987): Padgham (1981. 1985. 1987): Bailey ( 1987): Relf (1988): Webb 

(1992). 

The structure has been addressed by: Henderson and Jolliffe (1939): JolIiffe 

( 1945): Campbell ( l917a. b.c: 1948): Henderson and Brown ( 1950): Brown ( 1955 j: Boyle 

( 1 96 1 ): Henderson and Brown ( 1 966 ): Drury ( 1977): Helmstaedt et al.. ( 1979): 

Hemlstaedt et al.. ( 1986): Helmstaedt and Padgham ( l986a.b). Bullis et al.. ( 1987): 

Padeham ( 198 1. 1985. 1987): Helmstaedt and Bailey ( 1987): Bailey ( 1987): Relf ( 1988): 

Webb (1992). 

Geochronolony of the intrusives. and basemenr rocks has been addressed by: 

Green and Baadsgaard ( 1971): Nikic et al. (1975. 1980): Bowring (in Padgham. 1985): 

Bowring and Padgham ( 1987): lsachsen and Bowring ( 1989): Henderson et al. ( 1987): 

Isachsen et al. (1991a.b.c): Faulk et al. (1991). Atkinson and van Bremman (1990): 

Atkinson and Fyfe ( 199 1 ). 

Geochemistrv of volcanic flows and intrusions is discussed by : Baragar (1 966): 

Jenner et al. ( 198 1): Goodwin (1988): Cunningham and Lambert (1989): Webb (1992): 

Strand ( 1993 ). 

Giant Yellowknife Gold Mine has been discussed by: Merrill (1947): Dadson and 
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Bateman ( 1948): Bateman (1952); Coleman (1957): Brown et al. (1958): Boyle ( 196 1 ): 

Henderson and Brown ( 1966): Hodgson ( 1976); Brown ( 1989); Goucher ( 199 1 ). 

Con. Rvcon. Neeus oold mines have been discussed by: Breakey ( 1975. 1978); 

Campbell ( 1949): Lord ( 195 1 ): Ridland ( 194 1 ): Coulson ( 1950): Sproule ( 1952 j: Boy le 

( 1955, 1959. l96 1 ): Boyle et al.. ( 1963): McMurdo ( 1975): Armstrong and Duke ( 1990. 

1991 ): Armstrong ( 1991 b. 1992. 1993): Strand and Duke (1990. 1991): Strand ( 1992. 

1993): Webb ( 1992): McDonaId et al. (1993): Duke and Nauman (1990); Duke et al. 

( 1990). Bullis et al. (1987): Webb ( 1992) and within rnany unpublished interna1 mine 

documents. 

General Yellowknife gold discussions have been presented by : Coleman ( 1953): 

Boyle. ( 196 1 ): Boyle et al.. (1963): Kerrich (1977): Kerrich et al. ( 1977): Kerrich and 

Allison ( 1978): Boy le ( 196 1 ): McConnell( 1964): Ames ( 1962): Lord ( 195 1 ): Kerrich and 

Fyfe ( 1987. 1988): Wanless et al ( 1960): Relf (1988). 

1.4 Field Work and Methodology 

Field mapping. diarnond drill core Iogging. underground mappins. sampling. 

petrography. and chernical analysis of rocks and minerals constitutes the database for this 

study. Core logging and field rnapping were conducted on the Con Shear System through 

the winter and summer of 1990. and during the summer feld seasons of 199 1 and 1992. 

Underground examinations of the Con Shear were carried out during the summers of 

199 1 and 1992. Underground mapping of crosscuts and sampling of active stopes within 

the Campbell Shear were conducted during the 1992 summer field season. A total of 16 

months were spent conducting field work and various geological tasks in the Yellowknife 



area by the author. 

Sample numbers and locations are listed in Appendix B. Several samples from 

the Negus portion of the Campbell Shear and the Fault Lake area were provided for use 

to the author by D. McDonald. Samples from Giant Yellowknife Mine were selected 

from the Suffel Collection at the University of Western Ontario. Sampling of mined out 

stopes within the Con Shesr and the upper levels in the Campbell Shear was hampered 

by hazardous ground conditions and was restricted to areas around chutes and raises. 

From this sample suite a total of 250 polished thin sections were prepared. A 

series of seven sulphide fioat concentrates were examined petrographically with the 

electron microprobe and by secondary ion mass spectrometry to determine the distribution 

and concentration of "invisible" zold in Fe-As sulphides. 

Whole rock and trace element geochemical analyses were conducted on a total of 

6 1 host. altered. and mineralised rock samples. Stable isotope eeochernistry of carbonate 

minerals from host rocks. metasomatised zones and ore zones was conducted on samples 

from the Con Shear beneath Rat Lake. 

1 -5  Merallurgical Classification of Yellowknife Gold Ores 

The recovery of gold from Yellowknife ores has proceeded by several 

metallurgical techniques during the past 55 years including cyanidation. amalgamation. 

roasting . and pressure oxidation (Campbell. 1949: Martin. 1990). For the purposes of 

this study a classification scheme for ore types will be applied to Yellowknife gold ores 

with particular reference to Con Mine. based on the metallurgical behaviour of the ores 

to traditional extraction techniques. 
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Cy anidation will dissolve native gold. electmm. and Au-As tellurides. The rate 

of dissolution for these rninerals is dependant on particle size. degree of liberation. 

presence of surface coatings. exposure time to cyanide solutions. and presence of minerals 

that may consume cyanide (Le. preg robbers such as aurostibite and other Sb minerals 

and carbonaceous rnaterial (Martin. I W O ) ) .  

The extraction of gold from gold bearing sulphides is entirely dependant on the 

style of gold crystallization: i )  as inclusions in the sulphide: i i )  along cleavage planes or 

fracnires or ii i)  as solid solution "invisible gold". In al1 cases except the latter. the gold 

will be recoverable through cyanidation coupled with a fine grind. In the case of 

"invisible" gold the sulphide minerals must be oxidised either through roasting or pressure 

oxidation. 

Floatarion of sulphide minerals and free gold is used to generate a concentrate that 

may be roasted or subjected to pressure oxidation. Cyanidation of a float concentrate 

before roasting or pressure oxidation will recover free gold and any _goid that may occur 

as inclusions within a sulphide: the remainine rails would contain al1 gold not recoverable 

by cyanidation and rherefore refractory in nature. 

The following classification scheme is followed throu_ehout the present work and 

is based on a combination of cyanide recoveries. cyanide tails grade. floatation tails 

grade. and floatation recoveries: 

i )  FREE MILLING - cyanide recoveries of > 90 0/ cyanide tails grades of 0.0 1 to 0.06 

ouncedton Au and floatation tails grades of < 0.02 ouncesiton Au. 

i i )  REFRACTORY - cyanide recoveries of less than 50 R . cyanide tails grade ranges from 

0.01 to 0.26 ounceshon Au. floatation tails grade 0.09 to 0.44 ounceslton Au and 
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floatation recoveries of less than 35%. This classification also includes material with 

cyanide recoveries of less than 75 % ( 17 - 75 7c ). combined recoveries of > 73 5%. cyanide 

rails range from 0.142 to 0.23 ounces per ton Au. floatarion tails _grade 0.03 to 0.07 

ounces/ton Au and floatation recoveries of > 55%. 

Previous rnetallurgical snidies of Con Mine ores indicate that an increase in 

fineness of the grind will not improve cyanide recoveries for refractory ores (Martin 

1990: Chyrssouliss 1990) and there is no evidence for preg-robbine (Maltby. 1990). 



CHAPTER 2 

GENERAL GEOLOGY 

2.1 Introduction 

The Archean Slave Province occupies approximately 190 000 km' of the 

northwestem Canadian Shield. I t  is bordered to the south and east by the Proterozoic 

Churchill Province. to the West by the Proterozoic Bear Province. and to the southwest 

by Paleozoic rocks of the Interior Platform. Proterozoic sedimentary rocks of the 

Goulborn Group to the northeast and the Anthapuskow Group of the east Arm of Great 

Slave Lake to the south unconformably overlie Archean rocks. The Slave Province is 

comprised of 3540% supracrustal and 60% granitic gneiss and granite. The volcanic and 

sedimentary supracnistal rocks are collectively termed the Yellowknife Supergroup with 

a lesser abundance of volcanic (10% ) than sedimentary (80%) rocks (Henderson. 1970: 

Henderson. 198 1 : McGlym and Henderson. 1972: Padgham. 1985). The abundance of 

sedimentary rocks within the Yellowknife Supergroup distinguishes the Slave Province 

from typical granite-greenstone beIts that volumetrically contain more volcanic rocks than 

sedimentary rocks. 

Pre-Yellowknife Supergroup sialic basement rocks have been identifieci at several 

localities. In the Point Lake - Itchen Lake area a granodiorite intercalated with 

heteropenous orthogneiss and migrnatic gneiss yielded a U - Pb date of 3 155 +/- 3 Ma 

(Krogh and Gibbins. 1978): the Acasta tonalite zneiss at the western border of the Slave 

Structural Province yielded a U - Pb date of 3.964 Ga +/- 3 Ma (Bowring et al.. 1989): 

gneissic fragments included in a minette diatreme dyke located in the underground 
C 

workings of the Con Mine at Yellowknife have y 
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of 3210 and 3300 - 3040 Ma (Nikic et al.. 1975. 1980). Yellowknife Supergroup 

sreywackes from the Point Lake - Itchen iake area yield a population of detrital zircons 

dating from 2800 to 3 130 Ma (Sharer and Allegre. 1982). In the Dywer Lake area north 

of Yellowknife. fuchsite-bearin? quartzo-feldspathic rocks occurring within a narrow band 

of felsic volcanic rocks and chen magnetite iron formation at die base of the Kam Group. 

tïrst recognised by Helmstaedt and Padgham ( l986a). y ield detrital zircons exhibiting a 

U - Pb date of 3.0 Ga (Bowring. in Padgham. 1991) and U - Pb dates in excess of 2.9 

Ga to greater than 3700 Ma (Isachsen et al.. 1991a). 

Slave volcanic rocks comprise a series of 26 narrow northerly-trending greenstone 

belts that have been separated into two generai types: 1 )  Yellowknife-type with a thick 

lower unit of basalr variably capprd by felsic volcanic rocks: and 2) Hackett River-type 

felsic dominated belts (Padgham. 1985). Greenstone belts occupy three discontinuous 

zones: mafic dorninated belts occur in western and central zones while the felsic 

dominated belts occur in the eastern zone of the Slave Province (Padgham. 1985: 

Mortenson et al. 1988: Figure 2.1 ). Initial volcanism for both types of greenstone belt 

is believed to be felsic in composition (Helmstaedt and Padgham. 1986a. b). Basaltic 

komatiitic volcanic rock units have only recently been identified in the south-central and 

cenrrally located greenstone belts (Hrabi et al.. 1997: Johnstone. 1992). 

There is a distinctly bimodal distribution of ages for volcanism within the Slave 

Province. Early volcanism occurred between 2698 to 2687 Ma within the felsic volcanic 

dominated eastern zone and northern portions of the central zone (Mortenson et al.. 

1988). as well as within the mafic dorninated portion of the Ye!towknife greenstone belt 

(27 16 to 2683 Ma: Isachsen et al.. 199 1 b). After an hianis of 15 - 20 Ma. mafic and 



Figure 2.1 Generalised geology of the Slave Province. Modified from Padgham, 1985. 
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intermediate volcanism ranging from 2675 to 2663 Ma occurred across the central and 

western Slave Province {Monenson et al.. 1988). This later event broadly coincides with 

sedimentation within extensive turbidite basins (Padgham. 1985) and potentially coincided 

with the onset of lare Archean granite plutonism (Helmstaedt and Padsham. L986a.b). 

I t  has bern concluded on the basis of gravity survey results (Gibb and Thomas. 

1980: McGrarh et al.. 1983) that the nirbidite basins form a rhin (5 km) veneer overlying 

oranitic basement. This basernent is comprised of older sialic sneisses and younger 
b 

granites (Henderson. 1981 : 1985). The granite domains exposed both peripheral to and 
Cr 

interna1 to the supracrustal domains are comprised of mixed migmatites and granitic 

gneisses that may be derived from anatexis of the supracrustal sequences. The suite of 

2.6 to 2.55 Ma granitic batholiths range in composition from granodiorite - quartz diorite 

- quartz monzonite to peraluminous granite. The emplacement of the granite suite 

occurred coeval with regional metamorphism. It is not apparent how extensive the 

volcanic rocks were prior to the formation of turbidite basins. deformation and the 

intrusion of late granites (Fyson and Helmstaedt. 1988). 

Four main tectonic strategies have been presented to explain regional 

tectonostratigraphic relationships in the Slave Province. McGlynn and Henderson ( 1977) 

and Henderson ( 198 1. 1985) suggest that the Yellowknife Supergroup was deposited on 

pre-existing sialic crust. infilling intracontinental rift basins. Yellowknife Group 

volcanism occurred along basin margin faults which later provided avenues for plutonism. 

Hoffman ( 1986) invokes a prograding arc-trench system (unspecified direction) comprised 

of arc volcanic and plutonic rocks. fore-arc basin deposits. and exotic blocks which rnay 

include searnounts. ophioliric and sial fragments scrapped off subducting oceanic 
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lithospherr. Helrnstaedt et al. ( 1986). Helmstaedt and Padgham (1986a). and Fyson and 

Helmstaedt (1988) suggest that some of the sreenstone belts may have formed as the 

resulr of ocean tloor spreading and represent preserved segments of obducted oceanic 

crust (ophiolites ) forrned within proto-oceanic or back-arc basins. Fyson and Helmstaedt 

( 1988) suggest that closure of such basins during east-dipping subduction resulted in arc 

magmatism in the rastern Slave Province and eventual collision of an arc with the 

subduction complex. Kusky i 1989. IWO. 199 1 ) presents a more elaborate accretionary 

model. dividing the Slave province into four terranes: i) Hackett River terrane (magmatic 

island arc): ii) Contowyto terrane (accretionary prism): iii) Anton terrane 

(microcontinental fragment): and iv) Sleepy Dragon terrane (Anton terrane equivalent) 

and suggests collision of the Contowyto terrane with the older Anton microcontinent 

durin2 east-dipping subduction. 

Presently. there is no clear consensus as to which model best explains regional 

relationships (Padgham. 1991 ). The more recent recognition of a mature clastic 

succession that predates the Yellowknife Supergroup (Helmstaedt and Padgharn. l986a. b: 

Padgham. 1991) suggests that a stable platform existed prior to the onset of rifting. 

volcanism. and formation of turbidite basins. Lack of detailed _eeochronological work 

within most greenstone belts coupled with problems emerging between traditionaliy 

accepted stratigraphic correlations and recent age deteminations within the Yellowknife 

ereenstone bel t (Isachsen et al. . 199 1 b) rnake evaluation of any proposed geotectonic 
C 

mode1 premature. 



2.2 Geology of the Yellowknife Greenstone Belt 

The Yellowknife Greenstone Belt. located in the southwestern corner of the Slave 

Province. is 5 to 8 kilometres wide and about 50 kilometres long. It is bordered to the 

West by the composite Western Plutonic Complex. to the southeast by the Southeastern 

Plutonic Complex. and to the east by sedimentary rocks of the Burwash Basin (Fisure 

2.2). The stratigraphic scheme currently ernployed for the Yellowknife Greensrone Belt 

was introduced by Henderson ( 1970. 1975) and is iargely based on re-interpretation of 

earlier stratigraphic work (Jolliffe. 1942. 1946: Henderson and Brown. 1950. 1966; 

Boyle. 196 1 ). Helrnstaedt and Padgham ( l986a. b) presented a revised stratigraphic 

column that is broadly similar to the Henderson and Brown ( 1966) layer cake stratigraphic 

mode1 for the Yellowknife area (Fisure 2.3) .  

The Yellowknife Greenstone Belt forms a southeast younging and facing 

monoclinal succession. possibly occupying the western limb of a poorly defined synclinal 

fold that underlies Yellowknife Bay (Helmstaedt and Padgham. 1986a. 1986b). In the 

immediate Yellowknife area pre-Yellowknife Supergroup basement has only been 

identified in the form of gneissic fragments included in a diatreme dyke located in the 

underground workings of the Con Mine which have yielded discordant Pb - Pb minimum 

ages of 32 10 and 3300 - 3040 Ma (Nikic et ai.. 1975. 1980). The Dywer Formation. a 

quartzite-rhyolite-banded iron formation assemblage structurally underling the northern 

portion of the belt yields. detrital zircons with Pb - Pb ages of 2.9 to greater than 3.7 Ga. 

Zircons from the overlying rhyolite unit have complex U - Pb systematics that suggest an 

age in excess of 2.8 Ga (Isachsen et al.. 199 1 a). 

Helmstaedt et al. ( 1979) and HeImstaedt and Padgham ( l986a.b) identified 
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Figure 2.2 General geology of the Yellowknife Greenstone Belt. From Helmstaedt and 
Padgham, 1986a. 
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metamorphosed sedimentary rocks and volcanic rocks occurring structurally below 

Yellowknife Group volcanic rocks at the southern end of the Yellowknife Greenstone 

Belt. This assemblage. terrned the Octopus Formation. is comprised of metamorphosed 

basic ruffs and flows lacking in primary depositional features overlain by rnetasedimentary 

rocks composed of greywackes. siltstones. and conglomerates. Pebbles in the Octopus 

conglomerate are dominated by metasedimentary rocks but include amphibolites. rhy olite 

porphyries and rare granitoids. Structural layering within the Octopus Formation is 

discordant to bedding-cleavagr relationships in the overlying Kam and Banting Groups 

and the upper contact of the Ocropus Formation forms an angular disconformity with the 

Kam Croup. This evidence led Helmstaedt and Padgham (1986a.b) to suggest the 

Octopus predates Karn volcanism. The relationship between the Octopus and Dywer 

Formations is unclear but both may represent preserved slivers of a pre-Yellowknife 

Greenstone belt cycle deposited on old sialic cmst. 

As defined by Helmstaedt and Padgham (1986a.b). the Kam Group. previously 

referred to as the Kam Formation by Henderson (1970). and including most of the rnafic 

volcanic rocks allocated to Division A by Jolliffe (1943. 1946) and Henderson and Brown 

( 1 950. 1 966) fonns a homoclinal sequence of southwest-trending and southeast younging 

basaltic flows with an aggregate thickness in excess of 10 kilometres. The Karn Group 

has been separated into four formations based on the occurrence of stratigraphie markers. 

variations in volcanic geochemistry. and presence of syn-volcanic intrusions (Helmstaedt 

and Padgham 198th. b). 

The formations from lower ro upper that comprise the Kam Group include the 

Chan. Crestaurum. Townsite. and the Yellowknife Bay Formation. The Chan Formation 
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is approximately 6 kilometres thick. However. the hottom ponion has been intruded and 

assimilatrd by the Western Plutonic Complex so the original true thickness is unknown 

(Helrnstaedt and Padgham l986a.b). I t  is comprised of massive and pillowed basaits 

intruded by numerous gabbroic bodies (sills. irregular bodies. and dykes) that appear to 

be contemporaneous with the volcanic flows (Henderson and Brown 1966: Helmstaedt and 

Padgharn. 1986a). Mafic dyke swarms within the Chan Formation have been compared 

to sheeted dyke complexes within ophiolites (Helmstaedt et al.. 1986: Helmstaedt and 

Padeham. 1986a). The upper boundary of the basal Chan Formation is marked by the 

Ranney Chen that has yielded Pb - Pb dates of berween 2.85 and 2.9 Ga (Isachsen et al.. 

1991a). 

The overlying Crestaurum Formation is approximately 2 kilometres thick. and is 

primarily comprised of massive to pillowed mafic flows. It includes two laterally 

continuous variolitic pillowed units. the Stock and Fox Flows and two laterally continuous 

ash tlow and cherty mff units identified as the Cemetery Tuffs (Henderson and Brown. 

1966). The Trapper Lake Tuff has been interpreted as correlative (Henderson and 

Brown. 1966). Geochronology of the Cemetery Tuff ( U  - Pb date: 2712 +/- 2Ma) and 

the Trapper Lake Tuff ( U  - Pb date: 2707 +/- ZMa) by Isachsen et al.. ( 199 1 b) generally 

supports the original correlation of Henderson and Brown (1966). The upper boundary 

of the Crestaurum Formation is located at the base of the Townsite Formation 

( Helrnstaedt et al.. l986a). 

The overlying Townsite Formation is comprised of interbedded rhyodacite 

breccias. tuffs. locally welded tuffs. and pillowed dacites (Helmstaedt and Padgham. 

l986a: Henderson and Brown. 1966). The Townsite Formation has been separated into 
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the Niven Lake. Brock. and Vee Lake lenticles by faultine. Correlation of these separate 

lrnticles basrd on stratigraphic arguments (Henderson and Brown. 1966: Helmstaedt and 

Padsham. l986a) has not yet received full consensual agreement (Webb. 1992). Specific 

stratigraphic correlations are not borne out by available U - Pb dating. Henderson et al. 

( 1987) report a U - Pb date of 2684 + 161-21Ma for the Niven Lake lenticle. lsachsen 

et ai. (1991h) report U - Pb dates for the Niven Lake. Brock. and Vee Lake lenticles of 

2683 +/-5Ma. 2703 +/-?Ma. and 1705 +/-3Ma respectively . 

The overly ing Yellowknife Bay Formation is continuously exposed for 6.5 

kilometres along the western shore of Yellowknife Bay from the Giant Mine section in 

the nonh to Karn Point in the south. Since the upper contact of the Yellowknife Bay 

Formation is tnincated by a poorly exposed unconformity beneath the Jackson Lake 

Formation or occurs beneath the waters of Yellowknife Bay a tme formational rhickness 

is not known but is likely more than 5 kilometres (Helmstaedt and Padsham. 1986a). The 

Yellowknife Bay Formation is comprised of massive to pillowed flows with minor 

intercalated pillow breccia and two laterally continuous variolitic marker horizons. the 

Negus and Yellorex tlows as well as numerous cherry tuff horizons that form laterally 

continuous marker horizons (Henderson and Brown. 1966: Campbell. 1948). The Bode 

Tuff that directly overlies the Yellorex flows yields a U - Pb zircon date of 2688 +/-3Ma 

(Isachsen et al.. 199 1 b). Cherty tuff horizons become more prolific toward the top of the 

Yellowknife Bay Formation from Kam Point south. This section is infested with thick 

gabbro sills approaching an apparent ly conformable conract with the overly ing Banting 
C 

Group. A felsic unit at the top of the Yellowknife Bay Formation at Karn Point yielded 

a U - Pb zircon date of 27 16 +/-9Ma interpreted by Isachsen et ai. ( 1991 b) to represent 
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its depositional age. This interpretation of this old date raises considerable questions 

regarding any simple layer cake stratigraphie rnodel. 

The tholeiitic Kam Group is variably tectonically juxtaposed. regionally 

unconformably. and locally conformably overlain by felsic to intermediate flows. niffs. 

a@omerates and sedimentary rocks of the calc-alkaline Banting Group (Helmstaedt and 

Padzham. 1986a.b). The Banting Group is approximately Z kilometres thick and has been 

separated into the Ingraham and Prosperous Members. that are besi exposed north of 

Yellowknife Bay (Helmstaedt and Padgham. 1986a.b: Bailey. 1987). The I n p h a m  and 

Prosperous Members are conformably overlain by the Walsh Formation which interfinger 

with turbiditic sedimentary rocks of the Burwash Formation. Banting Group equivalents 

occur on Navigation Island. Latham Island. Jolliffe Island. Mosher Island. on the Sub 

Islands. and on the Mirage Islands in Great Slave Lake (Bailey. 1987: Relf. 1988). U - 

Pb zircon dating of Banting Group volcanic rocks has yielded dates of 2667 +4.1/- 

4.OMa (Bowring. in Helmstaedt and Padgharn. 1986b). 2670 +/- 14Ma (Henderson et 

al.. 1987). and 2.66 to 3.68 Ga (Isachsen et al.. 1991~) .  

The Kam and Banting Groups are intruded by several stages of mafic dykes and 

sills. In the northern basal portion of the belt the Chan Formation is intruded by 

anorthosite sills and crosscut by sheeted gabbro dykes. The irregular shaped gabbro 

bodies suggest an intimate relationship between intrusion of gabbro and formation of the 

volcanic pile. The presence of sheeted dykes within the Chan Formation rnay record an 

rarly spreadins event (Helmstaedt et al.. 1986: Helmstaedt and Padgham. 1986a.b). 

Other major eabbroic textured sills intrude the Townsite Formation and occur at the top 

of the Yellowknife Bay Formation (Le. Kam Silis). The Yellowknife Bay Formation. 
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forming the southern portion of the belt is crosscut by numerous gabbro textured dy kes 

locally comprising up to 50% of the rock volume (Henderson and Brown, 1966). These 

dykes trend NNW. are steeply west-dipping and increase in intensity and abundance w i~h  

closer proximity to the Western Plutonic Complex contact. The dykes provide avenues 

for the injection of granite apophyses. Possibly the earliest appearance of granite is 

synchronous with the latest stages of dyking (Strand. 1993). Swarms of dykes also follow 

the granite contact to the north but are noticeably absent on the east sidr of the West Bay 

Fault in the vicinity of the Giant Yellowknife Mine. 

The Jackson Lake Formation. a succession of cross-bedded sandstones and 

pol ymict ic conglomerates that unconfotmably overlies and separates the Kam and Banting 

Groups (Helmstaedt and Padsham. l986a. b). The Jackson Lake Formation represents the 

younzest known clastic sedimentary unit in the Slave Province (Mueller et al.. 1993). 

The provenance of cobbles within conelornerates is dominated by mafic flow sources with 

lesser intermediate and felsic t u f  and subordinate plutonic sources (Mueller et al.. 1993). 

Other lithologies found in the conglomerate include vein quartz. ferruginous carbonate. 

argillite. green mica schist. and jasper (Henderson and Brown. 1966). The Jackson Lake 

Formation is interpreted to be deposited on an irrepular erosional surface with 

topog-aphic relief of up to 100 metres (Henderson and Brown. 1966) as terrigenous 

alluvial fans and/or fan deltas (Mueller et al.. 1993) into fault controIIed basins 

(HeImstaedt and Padgham. 1986a). Granitic cobbles at the base of the Jackson Lake 

Formation have been dated from several localities and yield dates of 2609 +/-8Ma (U - 

Pb zircon. Falck et al.. 1991 ). 2609 +/-6Ma (U - Pb zircon. Isachsen and Bowring. 

1989). 2605 ti- 7Ma (U  - Pb zircon. isachsen et al.. 1991~1, and of 2.554 and 2.534 
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Ga (Pb - Pb minimum ages) by Green and Baadsgaard (1971) and corrected by Easton 

( 1984). 

The Yellowknife Greenstone Belt is intruded both to the West and southeast by 

l a r y  composite bathoiiths. The Western Pluronic Complex forms the southern extenr of 

a batholith that extends for over 600 kilometres along the western margin of the Slave 

Structural Province ( Atkinson and Fy fe. 199 1 ). Atkinson and van Breeman ( 1990) 

defined five separate phases of the Western Plutonic Complex (oldest to youngest): i )  

Anton Cornplex - a strongly deformed metaluminous tonalite - amphibolite - gneiss: i i )  

Defeat Suite (lower) - tonalite and granodiorite. layered hornblende gabbro and diorite 

along eastern margin of the Defeat phase are considered younger than a U - Pb zircon ase 

of 2634 +/-5Ma (Atkinson and van Breeman. 1990): iii) Defeat Suite (upper) - 

porphyritic biotite trondhjemite - granodiorite and granite plutons that locally intrudr the 

Yellowknife Greenstone Belt yieldinz U - Pb zircon dates of 26 18 +7/-20Ma. 1620 +/- 

8Ma (Henderson et al.. 1987). 162 1 +5/-8Ma ( Atkinson. persona1 communication. 1993): 

iv) Awrv Cornplex - peraluminous eranite plus aplite-pegmatite-quartz veins. yielding U - 

Pb zircon dates of 2550-2530 Ma (Henderson et al.. 1987). 2525 - 2585 Ma (Atkinson 

and Fyfe. 1991). and 2560 +/-  ZMa ( Atkinson. persona1 communication. 1993): and v )  

Duckfish - Stago Granite - alkali tonalite-amphibolite representing remobilised portions 

of the Anton Complex and equivalent to the Prosperous Lake suite of intrusions. U - Pb 

zircon dates for Stagg Granite are 2581 +29/-24Ma (Henderson et al.. 1987) and 2589 

+ 1 W9Ma (Atkinson and van Breeman. 1990: Atkinson and Fyfe. 199 1 ). U - Pb zircon 

dates for the Duckfish Granite are 2585 +/-4Ma (Atkinson and van Breeman. 1990: 

Atkinson and Fyfe. 1991). 
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The Southeastern pluton has yielded U - Pb zircon dates of 1618 +7/-20Ma and 

is considered part of the upper Defeat Complex (Henderson et al.. 1987). Relf ( 1988) 

inferred that part of a batholith lies east of the Mirage Islands under the waters of Great 

Slave Lake. thereby bracketing the Yellowknife Greenstone Belt to the south. east. and 

West by batholiths (Figure 2.4).  

Srveral small stocks and plugs occur as satellite intrusions to the Western Plutonic 

Complex in the vicinity of the Con Mine (Strand. 1993). The Pud Stock is a trondhjemite 

quartz-feldspar plug y ielding a U - Pb zircon date of 2634 + t I /- 1OMa (Strand. 199 1 ); 

thus representative of the earliest phase of Defeat plutonism. A highly evolved 

trondhjemite exposed on the 950 Level of the mine workings. termed the Negus Porphyry 

hosrs anomalous Au - Mo mineralization. The general attitude. shape and date have yet 

to be detennined (Boyle. 1961: Henderson and Brown. 1966: Strand. 1993). 

Three suites of diabase dy kes intrude the Archean basement at Yellowknife. The 

older Dorrib dykes trend north-easterly and have a fixed Rb-Sr date of 2635+/-80Ma 

(Gates and Hurley. 1973: as reponed in Easton. 1984). The Indin dyke swarm forms 

northwesterly and northeasterly trending sets dating at 2049 +/- 80Ma (Gates and Hurley. 

1973 : as reported in Easton. 1983) and these are offset by late brittle faults of Proterozoic 

age. The youngest Mackenzie swarm are rare in the Yellowknife reg ion and these trend 

north-westerly and have K/Ar dates of 1200 +/- 100 Ma (Leech. 1966). 





2.3 Prosrade Metamorphism 

The rocks of the Yellowknife Greenstone Belt have been subjected to prograde 

contact metamorphism relaced to the intrusion of the bordering plutonic complexes. 

Metamorphic isograds senerally parallel the granite-greensrone contacts. Boyle ( 196 1 ) 

distinguished three metamorphic facies on the basis of mineralosy and field 

characreristics: amphibolite (dark black in outcrop. Ca-hornblende dominated with no 

groundmass epidote). epidote-amphibolite (light green in colour . actinolite dominated with 

oroundmass epidote) and greenschist facies. More recently Du ke and Naurnan ( 1 990) 
Ci 

recognised the presence of slivers of garnet-amphibolite facies rocks along non-tectonised 

contacts of the Western Plutonic Complex. The metarnorphic rank of the volcanic rocks 

rapidly decreases away from the granite-greenstone contact and within 2-3 kilometres the 

rocks are sreenschist facies (Figure 2.5). In detail. isograds are transitional in nature and 

their spatial distribution is funher complicated by both ear!y ductile shearing and later 

brittle faultinp. 

W ithin the Yellowknife Bay Formation textural and mineral chemical relarionships 

indicate the volcanic rocks have been subjected to only one period of prograde 

metamorphism. Intersecting metamorphic isograds within Burwash Formation turbidites 

in the vicinity of Jemejohn. Reid. and Buckham Lakes (Henderson. 1985) indicate that 

there has been two thermal metamorphic events: an older Defeat phase event (circa 

2610Ma) followed by a younser Prosperous phase event (circa 2550Ma). Webb (1992) 

suggests that Prosperous age metamorphism overprints the Yellowknife Bay Formation 

in the vicinity of the Con Mine. however Prosperous Lake suite intrusions are well 

removed geog!raphically (greater than 15 km to the northeast and 30 km to the west) from 



Figure 2.5 Distribution of regional contact metamorphic isograds in the immediate 
vicinity of the Con Mine. From McDonald et al.. 1993. 
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the mine site and no textural evidrncr has bern presented to support multiple prograde 

events. 

2.4 Retrograde Shear Systems 

Within the Yellowknife Greenstone Belt shear zones have been divided into Z 

differcnt caregories on the basis of their structural characteristics and relative age 

(Henderson and Brown. 1950: Boy le. 196 I : Henderson and Brown. 1966): i )  shear zones 

that parallel stratigraphy in strike and dip. and ii) shear zones that transect stratigraphy. 

Gold mineralization occurs in both types of shears althoueh al1 economic gold is 

concentrated within shears that transect volcanic stratigraphy (Boyle. 196 1 ). 

Shear zones that paraile1 stratigraphy commonly are sited at f 

incompetent units such as cherry tuff horizons. or flow breccias 

Ranney. and A. E.S systems represent the three major bedding-para 

ow contacts. within 

The Kam Point. 

le1 shears that have 

been described in any detail. Ali occur within felsic tuff horizons (Boyle. 1961: 

Henderson and Brown. 1966). Small pockets of high srade gold lenses discovered in the 

Kam Point System (Dean McDonald. pers comm.. 1990) and the A.E.S  System (Boyle. 

1961) are hosted within narrow quartz veins (30 - 50 centimetres) associated with 

arsenopyrite. pyrite. and lesser sulphosalts. The parallel shear systems offset late gabbro 

dykes injected within the flows. In places these are in turn offset by shears that transect 

stratisraphy and are h r the r  offset by later brittle faults. Bedding parallel shears have not 

been traced into the granite intrusions (Boyle. 1961: Henderson and Brown. 1966). 

Shear systems that transect volcanic stratigraphy host al1 known economic gold 

deposits in the Y el lowknife camp. These shears transect stratigraphy at a relat ively 
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oblique angle. The major crosscutting shear zone systems include the Con. Nrgus-Rycon. 

and Campbell west of the West Bay Fault. and the Giant. Bow Lake. and Crestaunim 

Systems east of the West Bay Fault. Henderson and Brown ( 1950. 1966) further 

su bdivided these shears into two related subcategories: i ) well defined quartz veins hosted 

in narrow shears (e.g. the Negus-Rycon veins) and ii) quartz veins hosted in large 

minerai ized chlorite-carbonate-sericite schist domains (e. g . the Campbell. Giant ). The 

Con and Campbell systems are subparallel. trending NNE with moderate to steep westerly 

dips within the Yellowknife Bay Formation. The Negus-Rycon Shears are a narrow 

NNW trending vein set with moderate to steep West dips commonly paralleling the 

contacts of late mafic dykes. 

The Giant Shear System transects rocks of the Crestaurum. Townsite, and 

Yellowknife Bay Format ions of the Yellowknife Greenstone Belt. Correlation of shear 

segments is complicated by the anastomosing nature of the shears and post-ore brittle 

faulting (section 2.6).  The Giant Shear System has senerally been interpreted as the fault 

offset continuation of the Campbell Shear System (Campbell 1947a.b.c. 1948. 1949: 

Henderson and Brown. 1950. 1966: Boyle. 1961). The fault offset of the Con Shear 

System is believed to outcrop approximately 300 metres northwest of the apparent 

hanginswall of the Giant System (Boyle. 1961). Although this has been contested (Webb. 

1992) to date no convincing alternative models have been proposed. 

The southem portion of the Giant Shear System is a northerly trending steeply 

west-dipping structure that subcrops beneath the waters of Fault Lake. The extreme 

footwall of the system lies under Back Bay coincident with the Kam Group-Banting Group 

contact. North of Fault Lake the southern exrent of mining within the Giant Shear 



Figure 2.6 Southern portion of the Yellowknife Greensrone Belt with location of major 
retrograde shears that transect stratigraphy and major brinle fault systems. 
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System is located within the west-dipping N N E  trending Cameron. East. South. West. and 

Creek zones north of the AYE fault. 

Other strands of the Giant System that have been exploited include the Bow Lake 

and Crestaurum systems. The Bow Lake Shear System occurs east of the Giant shear 

system and trends subparallel to the Giant System with a shallow 30" - 5 0  West dip. The 

Bow Lake Systern joins the A S .  D. zone at depth and to the north adjoins the Muir zone. 

Ore kvdies r:e !=c-:ed 2: the junction of the Bow Lake and A.S. D. zones (Boyle. 196 1 : 

Henderson and Brown. 1966). The Crestaurum System within the Crestaurum Formation 

occurs in the northern portion of the Yellowknife Greenstone Belt. The shear zone trends 

northeasteriy with a moderatr 50" SE dip. ore bodies tend to have a northeasterly pitch. 

limited mining was conducted durin9 1945 and 1946 although no eold was produced 

(Lord. 1951). 

The more recent recognition of major shear systems within the Banting Group 

indicates that shear zone development is not restricted to Karn Group rnafic volcanic 

rocks. Exploration in the Banting Lake/ Walsh Lake area has identified numerous gold 

bearin? shears within felsic volcanic rocks (cg.  Sam Otto zone) and historic exploration 

also identified numerous gold bearing quartz veins in Walsh Formation turbidites (Lord. 

1951 1. Examination of outcrop exposures of Banting felsic volcanic rocks and 

intercalated intermediate flows north of Yellowknife Bay and south of Walsh Lake located 

numerous previously identified and sampled iron carbonate altered shears with variable 

quartz veinins and development of chrome mica. Diamond drilling conducted by NERCO 

in 199 1 and 1992 encountered auriferous shears in the Banting Group both east and West 

of the West Bay Fault under Yellowknife Bay (Armstrong and McDonald. 1991). Known 
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oold potential within shears transecting the Banting Group is hampered by the lack of any 
G 

concertec! exploration effort within this domain. 

2.5 Brittle Fauft Structures 

The Yellowknife Greenstone Belt has been disrupted by at least two ages of post- 

ore and post-diabase brittle faulting. Details of offsets and relationships to gold 

mineralization have attracted the attention of most workers in the Yellowknife region 

(Jolliffe. 1947: Campbell. 1947a.b.c. 1948. 1949: White et al.. 1949: Henderson and 

Brown. 1950. 1966: Brown. 1955: Boyle. 196 1 : Heimstaedt and Padgham 1986a. 1986b: 

Helmstaedt and Bailey. 1987: Webb. 1992). The West Bay - lndin Lake fault system is 

a network of nonh northwesterly-trending strike slip faults that extends for over 100 km 

from Yellowknife to the Indin Lake Area (Henderson and Brown. 1966). In the 

Yellowknife area the major north-northwesterly trending faults are the Kam. West Bay. 

and Hay Duck faults. Subsidiary cross over faults between the major faults are the Pud. 

Martin. AYE. Townsite. and Akaticho faults (Figure 1.6). Movement across vertically 

dipping subsidiary faulrs is dominantly horizontal with a left-hand sense of displacement 

(Brown. 1955). Henderson and Brown (1950. 1966) systematically determined the offset 

of key stratigraphic horizons. Offsets indicated by the strike displacement of  stratigraphic 

horizons characteristically Vary along the fault (Brown. 1955) as a result of additive 

movement due to subsidiary faults joining the dominant fault structures planes (Henderson 

and Brown. 1950. 1966: Brown. 1955). 

Henderson and Brown (1966) describe four groups of late brittle faults. the 

dominant group is represented by the NNW trending faults. A set of complimentary 
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NNE trending tauIts fornis at right angles to the dominant NNW fauIts. In the southern 

part of the brlt this complimrntary set of faults parallels flow contacts. in the nonhern 

part of the belt where stratigraphy has a more nonherly trend these faults crosscut flows. 

Movement across the subsidiary faults is dextral with moderate displacements of less than 

30 metres. IocalIy increasing toward their junctions with the major sinistral NNW 

trending faults (Henderson and Brown. 1966). A third set of faults occur as east- 

southeast trending dextral tension faults inclined at 45" to the principal fault direction. 

Displacement across these are in the order of 2 to 30 metres. The founh set of faults 

trend northeast parallel to stratigraphy but have near vertical dips with a sinistral sense 

of displacement. The Negus Fault is the most important of these faults with its south side 

calculated to have moved 660 feet east and 100 down relative to the nonh side 

(Henderson and Brown. 1966: Brown. 1955). This fault set displaces ore bearing shears 

and dykes but is offset by the NNW set of late faults indicating Iong lived movement 

along brittle fault structures. 

With the exception of the Negus Fault and the southeast trending tension faults 

traces of late brittle faults appear as distinct linear feanires on airphotos. The major West 

Bay fault is commonly defined by a gouge zone that may only be several inches wide 

although locally the fault is marked by a zone of intense quartz and hernatite flooding 

within wide ( 100 metre) zones of fault breccia and cataclasite. Spectacular outcrops of 

this phenornena are exposed at Ramey Hill where there is a slight inflection in the strike 

of the West Bay Fault to a more NW trend south of the junction with the Akaitcho Fault. 

A similar fault breccia/cataclasite with quartz and hematite flooding was intersected in a 

diamond drill hole A-81 collared by NERCO at the south end of Back Bay. This 
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brecciation occurs along a segment of the West Bay Fault transecting rocks of the 

Townsite Formation (Armstrong and McDonald. 199 1 ). At this location the West Bay 

Fault zone is a 45 metre wide zone of brecciation with IocaI 3 to 4 metre wide Salmon 

red zones of cataclasis characterised by intense quartz and hematite flooding and minor 

disseminated pyrite ( Armstrons and McDonald. 199 1 ). 

Lack of suitable marker horizons hampers the determination of vertical movement 

on the late brittle faults. Campbell (1947a.b.c: 1938) used several Indin diabase dykes as 

markers to calculate the vertical (525 rnetres) and horizontal (5380 metres) slip across the 

West Bay Fault. with the east side moving down and south relative to the West side of the 

fault. Brown ( 1955) used the Cemetery tuff horizon and an Indin diabase as suitable 

horizons to calculate a vertical slip of 300 metres and a horizontal slip of 5366 metres 

with the east side moving down and east relative to the West side of the West Bay Fault. 

Campbell ( 1947a.b.c: 1918) used the West Bay Fault resolution to predict the continuation 

of Giant Shear eold rnineralization at depth on the Negus and Con/Rycon propenies to 

the south. Diamond drilling contirmed Campbell's hypothesis. Since the successfbl fault 

resolution of Campbell ( 1947a.b.c; 1948) the Giant and Campbell shears have been 

considered offset portions of a once continuous shear system. 



CHAPTER 3 

CON MINE GEOLOGY 

3.1 Introduction 

The Con Mine is Iocated at the southern outskirts of Yellowknife. Gold 

mineralisation is sited within ductile shears transecting the flows of the Yellowknife Bay 

Formation immediately overlying the Townsite Formation. The detailed seology of the 

mine site has recently been reviewed by Bullis et al. ( 1987). Webb ( 1992). and Strand. 

( 1993). In the immediate area of the Con Mine the Yellowknife Bay Formation has been 

subdivided into several informa1 members. For the purpose of the present work emphasis 

is placed on defining prograde metamorphic and retrograde metasomatic alteration in host 

rocks to mineralisation. 

3 .'> Host Lithologies 

3.2.1 Volcanic Flows 

Geographic reference points and seneral eeology are depicted on maps 3.1a.b in 

the hack pocket. The volcanic units stratigraphically above the Townsite Formation are 

described from nonh to south. Descriptions are referenced to location with respect to the 

hangingwall and footwall of individual shear strands (Figure 3.1). The host flows have 

a uniform NE trend. striking 050"-060". have a steep SE dip. and consistently young to 

the southeast . 

Massive to pillowed flows form a series of thin (5- 10 metre thick) laterally 

continuous units. These fiows change in colour from buff apple green. dark green. to 

black approaching the Western Plutonic Cornplex. Pillowed and massive flow contacts 



Figure 3.1 Distribution of regional contact metamorphic isograds and retrograde shear 
zones in the irnrnediate vicinity of the Con Mine. From McDonald et al., 1993. 
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are generally sharp. Massive flows occasionally have coarse to medium grained bases 

that fine upward into pillow sequences. The coarser grained fiows are characterised by 

a meta-gabbroic texture with coarse interlocking sheafs of caicic amphibole. plagioclase 

and medium to fine-grained ilmenite. Pale green units with pillowed variolitic flow tops 

are well exposed on Tin Can Hill and persist into the hangingwall of the Campbell Shear. 

Pillow forms generally are well preserved but with localised flattening becoming more 

frequent toward the Western granodiorite. Selvages are rusty due to iron carbonate- 

chlorite-epidote-pyrite aiteration. Pillow flows are characterised by fine feathery calcic 

amphibole intergrown with plaçjoclase. and ilmenite. Drainage cavities are infilled with 

quartz-epidote-carbonate. In the vicinity of the C- 1 Shaft exposures of flow breccia occur 

hanginpal1 to the Con Shear. Flow breccias may attain widths of several IO'S  of 

rnetres. Pillow breccias are comprised of angular to sub-angular basalr fragments in a 

biotitic matrix the pillow fragments range from I to 10 centimetres in size and may 

exhibit bleached reaction rims. 

3 - 2 . 2  Gabbroic Intrusives 

Variably textured synvolcanic gabbroic sills parallel the volcanic stratigraphy and 

exhibit textures similar to massive flows and are not described further. Coarse texnired 

gabbroic sills are especially cornrnon within the underlying Townsite Formation and also 
C 

near the top of the Yellowknife Bay Formation. Well defined sills are lacking within the 

immediate flow sequence at the mine. A peculiar gabbroic textured sillldyke both sub- 

parallels and transects the Con Shear through the mine site and is referred to as the 

Arsenic Pond Gabbro. Numerous types of mafic dykes have injected the stratigraphic 
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pile: thrse are described by Strand (1993) whose nomenclature has been adopted for the 

purpose of the following synopsis. 

3 -2.2.1 Arsenic Pond Gabbro 

A leucocratic 10- 15 metre wide. NNE to N trending. shallow west-dipping dioritic 

to gabbroic. light weathering dyke transects stratipraphy footwall to the Con Shear System 

from south of the Pud Fault to the nonh end of Rat Lake and has a total strike length of 

ereater than 7 kilomecres (Henderson and Brown. 1966). North of Rar Lake the dyke 
C 

outcrops between the nonhernmost splays of the Con Shear and continues along a large 

outcrop hangingwall to the Campbell Shear. The dyke has a characteristic mottled 

greenish-grey weathered surface with 5- 10 5% dispersed bone white plagioclase phenocrysts 

in a light green-grey groundmass of fine to medium grained feathery to equant amphibole. 

Major element geochemist~ is similar to that of the sheeted calc-alkaline dykes although 

REE geochemistry profiles are similar to the tholeiitic flows. 

3 . 2 . 2 . 2  Lare Gabbro Dyke Suite 

Normal tholeiitic to Fe-Ti tholeiitic dykes are the most abundant variety located 

on the mine site. They have been interpreted as feeders to volcanic flows by 

Henderson and Brown. (1966) and Helmstaedt and Padgham (1986). However recent 

work suggests that dyke injection post-dates rotation of volcanic rocks to near vertical yet 

pre-dates granite intrusion (Duke. 1990: Duke and Strand. 1990; Strand. 1993). Dykes 

trend 160"150-60°W through the mine yard. There is an apparent increase in abundance 

toward the contact of the volcanic rocks and the Western Pluronic Complex where dykes 
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may comprise grrater than 50% of outcrop exposures but they do not penetrate into the 

granite and show the same prograde metamorphic overprint as the adjacent volcanic - 
flows. 

Individual dykes Vary in width from 1 to 10 metres. many show intemal chills and 

thin C 50 cm homfelsed domains in bordering volcanic rocks. The identification of chi11 

margins may be used to distinguish Rows from dykes however hornfelsing of bordering 

volcanic rocks makes dyke margins difficult to distinguish. The fine-grained interna1 

chills are black due to the abundance of amphibole. Normal tholeiitic dykes host 

plagioclase phrnocryst trains parallel to contacts. Fe-Ti tholeiitic dykes weather a dark 

green to black. Compositionally the dykes are similar to medium and coarse grained 

massive flows. 

Basaltic komat iite dy kes are most restricted in their spatial distribut ion. They have 

been identified in a domain west of the Robertson Shaft and Pud Fault and south of Pud 

Lake (Strand. 1993 ) . The basaltic komatiite dykes are characterised by deep green coarse 

erained rough weathered surfaces. They are irregular in width and discontinuous along 
C 

strike. commonly occurring along the margins. crosscutting or occur as inclusions within 

Fe-Ti tholeiite dykes. 

Sheeted calc-alkaline dykes are locally observed hangingwall to the Con Shear 

System and as fragments within the Negus Breccia Zone (Strand. 1993). At least 6 

previously unrecognised outcrop exposures of this dyke type have been identified by 

Armstrong and Strand durin9 1990-1993. Based on surface exposures and drill core 

intersections the sheeted calc-alkaline dykes appear to subparallel the trend of the shears 

with strikes of 025"-040 and moderate West dips (45-60°W). The known distribution 
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broadly follows that of the Arsenic Pond Gabbro dyke. The sheeted calc-alkaline dy kes 

are also geochemically and mineralogically similar to the minette matrixed diatreme 

exposed hangingwall to and internal to the Campbell Shear System. 

The sheeted calc-alkaline dykes display planar grain size variability rangine from 

coarse grained. dark brownish green with a rough weathered surface to finer grained 

lighter green iayers. The dykes cornrnonly have foliated biotitic upper contacts and 

consistently show internal chills with variable grain size and composition. Individual 

layers range from 10 to 15 centimetres in width. Underground mapping of the upper 

levels of the Con Shear System during the late 1930's and early 1940's identified a 

"sheared lamprophyre" that may represent the underground expression of this dyke. 

Footwall to the Con Shear System sheeted dykes occur near the security gares and as 

fragments within the Negus Breccia Zone (Strand. 1993). 

Strand ( 1993) demonstrates that the sheeted dy kes are geochemically identical to 

the diatreme dyke exposed in the hangingwall of Campbell Shear System. Nikic et al. 

( 1975). Webb and Kerrich ( 1  988) and Webb ( 1992) describe the diatreme matrix as 

shosonitic lamprophyre. It predates last movement along the shear and where deformed 

rnay host economic gold mineralization. The diatreme has now been identified 

sporadically for over 1.8 km along strike and 1 .1  km down dip with an average strike and 

dip of 007155W. Underground development on the 3100 Level and diamond drilling on 

2300L in the immediate hangingwall of the Campbell Shear has added at least 600 metres 

to the known dip extent of the diatreme. This exposure demonstrates that the diatreme 

hosts a heterolithic assemblase of fragments and that there is a tremendous variation in 

fragment size ranging from boulder size to less that 5 cm (Plate 3.1). The variability in 



Plate 3.1 Diatreme Dyke. ( A)Diatrems dyke expose on 3 1 O0 Level exposure demonstrate 

variability of 'tenolith size and distribution. (B)  Diatreme Dyke exposed on 3 100 Level. 

R.L. Hauser examining large gneissic xttnolith. 
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fragment size appears to be zonai. Since the dark _ereen/black colour of the diatreme 

matrix is identical to the host volcanic rocks it is impossible to observe any basalt 

fragments. Where fragments are abundant the groundmass of the diatreme may contain 

2-3 % fine grained. rounded fragments of quartz and feldspar. 

3 2 . 3  Granite Intrusions 

A 100 metre wide sliver of the Western Plutonic Complex outcrops on the 

eastern side of the Kam Fault 1000 metres West of the C-1 headframe. At this location 

it  is a pink homogenous medium grained biotite granodiorite. Between the granite and 

volcanic rocks there is a bleached whitish pink domain injected by numerous aplite dykes 

and amorphous greasy blue-grey 10 to 50 cm wide quartz veins. Similarly bleached 

contact domains occur irnmediately north-east of Stanton Yellowknife Hospital. alone the 

shores of Long Lake in Fred Henne Park. and northeast of Grace Lake south of the - 

Yellowknife airport. 

The Pud Lake Stock dated at 2634Ma (Strand. 1993) and the Negus plug are the 

major intrusive bodies in the irnrnediace mine site. Intrusive breccia centres associated 

with the h d  and Negus stocks have been described in detail by Strand (1993). The strike 

of these intrusive centres and associated breccias. with an attendant perturbation of 

metamorphic isograds was termed by Strand as the Con Intrusive Corridor. The tonalitic 

Pud Lake stock is variabiy sheared and hydrothermally altered. Narrow 1-3 metre wide 

shears can be observed transecting the eastem contact of the Pud Stock on surface and 

a correlative sheared intrusive is exposed on the 1550L within the Con Shear workings. 

Notably a diamond drill hole from the 2300L of the Con Shear workings intersected an 
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auriferous shear developed interior to the Pud intrusive {R.L. Hauser pers. comm. 1991 : 

Strand. 1993.). As observed by the writer albite is progressively altered to fine grained 

carbonate. chlorite and white mica as shear fabric intensifies (sarnples: 27596. 27547. 

27548. 27549). 

The Negus plug is exposed for 75 metres on the 950L in a crosscut connecring the 

workings of the Negus mine with the C l  shaft. The exact three dimensional distribution 

of the porphyry is still unknown but it is manifested as numerous apophyses within the 

Neeus Breccias on surface (Strand. 1993). The Nepus Porphyry has been classified by 

Strand as a highly evolved trondhjemite with granophyric textures. Minor to trace pyrite. 

pyrrhotite. chalcopyrite and molybdenite occur as fine disseminations throughout the apex 

of the porphyry and locally the sulphide content attains concentrations of up to 20 modal 

percent (Strand. 1993). 

Granitic quartz feldspar porphyry dykes occur throughout the Negus Breccia centre 

and on surface quartz feldspar porphyry dykes persist east of the Negus-Rycon shears 

extendin9 into the imrnediate hangingwall of the Campbell Shear System. These dykes 

range from 1 cm to 4 metres in width and are offset by shears. They are typically less 

altered than the Negus and Pud Lake intrusives (Strand. 1993). 

3.3 Prograde Contact Metamorphism 

The volcanic sequence has been contact metamorphosed by intrusion of the 

Western Plutonic Cornplex. The volcanic flows. gabbro sills and dykes were al1 subjected 

to the prograde rnetamorphic event. However. sheeted calc-alkaline dykes do not 

demonstrate textural evidence of any prograde overprint suggesting emplacement under 
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peak to post peak metamorphic conditions. The prograde overprint decreases away from 

the Western Plutonic Complex contact from samet amphibolite to greenschist facies over 

a distance of 3 kilornetres (Figure 3.2). Anomatous themal conditions relating to the 

intrusive activity associated to satellite bodies within the Con Intrusive Corridor perturbate 

OreenStone contact. the metamorphic isograds that regionally subparallel the granitel, 

The spec ific mineralogy and distribution of metamorphic facies and the 

relationship of isograds to shears is best examined with reference to the Con Shear 

Sy stem where excellent outcrop control can be established. Garnet amphibolite facies 

volcanic rocks exist in isolated. discontinuous bands immediately adjacent to the Western 

Plutonic Complex and the Pud Stock. Three to four millhetre idioblastic almandine 

garnet porphyroblasts are intergrown with olive green to dark green compositionally 

homogenous ferro-tschermakitic homblende and clear unstrained quartz. Ilmenite occurs 

as O. 1 to 0.01 mm inclusions in amphibole. Fractures within almandine orientated at right 

angles to the rock fabric are infilled with chlorite and quartz. Millimetre scale 

crosscuttinp epidote lined fractures and veinlets are common. 

Hornblende-amphibolite facies volcanic rocks outcrop immediately HW to the Con 

Shear. Weathered surfaces are dark green to black. Both pillowed and massive fiows 

may contain up to 5 F disseminated lath-shaped plagioclase microlites. Upper hombiende 

amphibolite facies volcanic rocks (2757 1 ) are characterised by homogenous recrystallised 

ferro-tschermakitic hornblende inteqrown with groundrnass and microlite labradorite- 

bytownite. Epidote is stable within pillow selvages. amydules. drainage cavities. and 

along later joint surfaces. 

Mid-amphibol ire facies volcanic rocks (=O% 138. R209- 176. C 1 675-45) occur in 



Figure 3.2 Distribution of regional contact metamorphic isograds and retrograde shear 
zones in the immediate vicinity of the Con Mine. From McDonald et al., 1993. 
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the immediate hangingwall to the Con Shear north of the C-1 Shaft Zone and contain 

zoned blue-green amphiboles with actinolitic-hornblende cores and Mg-hornblende to 

ferro-tschermatikic hornblende rims . Mid to lower hornblende amphibolite facies volanic 

rocks are characterised by ubiquitously zoned calcic amphiboles with actinolitic cores and 

hornblendic rims. Groundmass and microlite plagioclase compositions Vary from Ah , -  

An,,. Low amphibolite facies volcanic rocks occur hangingwalI to the Con Shear north 

of Ka1 Lake and as pockets footwall to the Con Shear south and east of Rat Lake. and 

within the Con Intrusive Corridor. Amphibole core compositions are dominated by 

actinolite and rim compositions Vary from Mg-Fe hornblende (37533. 77593) to ferro- 

tschermakitic hornblende (27583. 2756 1. 27537). Plagioclase compositions Vary from 

andesine to labradorite (An,,-An,,,). The samples with ferro-tschermakitic rims are 

dominated by labradorite. Plagioclase microlite textures Vary from sample to sample and 

two textural varieties are identifiable. Blocky. equant 1-5 mm subhedral. twimed grains 

are seen on weathered and fresh surfaces and commonly occur as glomerophyric clusters 

or disseminations. The second variety of microlite occur as groundrnass bladed to 

acicular grains. 0.05 to Imm in length and commonly demonstrate a preferred orientation 

akin to trachyte flow textures. The high anorthite content could indicate orientated 

orowth during prograde metamorphism likely in response to local strain gradients. 
C 

Epidote may occur as relict fine grained groundmass disseminat ions. 

Epidote amphibolite facies volcanic rocks are divided into two separate sub-facies 

on the basis of physical and mineralogical characteristics. Upper epidote-amphibolite 

facies volcanic rocks occur footwall to the Con Shear and within the Con Intrusive 

Corridor. Amphiboles are ubiquitously zoned with actinolitic cores and Mg/ Fe- 
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hornblende rims intergrown with pla@oclase that varies in composition from oligoclase 

ro labradorire. Samples from this domain containing labradorite occur in close proximity 

to the Con Shear footwall and within the Con Intrusive Corridor (37609) or within a 

mottled domain where pillow cores are epidote stable and pillow rims are hornblende 

amphibolite (27565). An increase in metamorphic erade is manifested by a decrease in 

groundmass epidote and an associated increase in the thickness of prograde hornblende 

rirns. 

Sampies containing oligoclase and andesine CO-exist with abundant groundmass 

epidote and are located footwall to the Con Shear east of Rat Lake. Surface expression 

of lower epidote-amphibolite facies volcanic rocks outcrops along the shoreline of 

Oreen Yellowknife Bay. north of Con Camp. and are characterised by pale yellow-, 

coloured weathered surfaces. Epidote occurs as a fracture fil1 and is disseminated 

throughout the groundmass. commonly associated with plagioclase microlites and 

amydules. Feathery (0.05mm to 0.3mm) sheafs of actinolite are intergrown with fine 

crained mosaics of twinned albite. polygonal quartz. and minor epidote. Acrinolite is - 
compositionally homogenous with variable development of chlorite altered grain 

boundaries. Epidote occurs as a minor phase and is a stable within arnydules. varioles and 

more rarely within the groundmass. Calcite fills arnydules and varioles and is finely 

disseminated throughout the groundmass ( < 1 lc). Opaque mineralogy is dorninated 

by accessory isolated titanite. The lower epidote-amphibolite volcanic rocks present at 

depth footwall to the Campbell Shear exhibit compositionally homogenous actinolite 

intergown with fine grained locally annealed. untwimed albite. Abundant groundmass 

and fracture filling Fe-epidote is present on 5900L. Al1 samples proximal to the 
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Campbell Shear show pervasive chlorite retrogressed domains and chlorite as fracnire fill. 

The distribution of metamorphic facies and isograds hangingwall and footwall to 

the Campbell Shear underground is less well constrained than for the Con Shear (Figure 

3.3) .  At surface volcanic rocks in the hangingwall of the Campbell Shear are epidote 

amphibolite erade and greenschist facies footwall Banting Group volcanic rocks have been 

identified in drill core and outcrop on islands in Yellowknife Bay. Greenschist facies 

rocks do not outcrop in the mine site area but sub-crop beneath Yellowknife Bay footwall 

to the Campbell Shear. Mineralogy is comprised of relict albite phenocrysts in a 

groundmass of recrystallised quartz and chlorite. McDonald and Hauser ( 199 1 ) 

dernonstrate that with depth along the Campbell Shear hangingwall pockets of homblende 

arnphiboli te volcanic rocks exist . This study has identified epidote amphibolite facies 

volcanic rocks footwall to the shear at depth (5960 XCW. 5960M-7.8.9.10). The 

distribution and continuity of these pockets is limited by undersround exposures and the 

surface expression is likely manifested by the presence of the Con Thermal Corridor 

pertubating local isograds. 

3.4 Peak Metamorphic Schist and Vein Development 

3.4.1 Amphibolite Schists 

Amphibolitic schists proximal to the Western Plutonic Complex are comprised 

of compostionally homogenous 0.2 to 0.3 mm subhedral. interlocking, opticaily aligned 

magnesio-hornblende intergrown with clear unstrained. fine grained albite and potassium 

feldspar (Plate 3.2a). Such schists are cornrnonly crosscut by iater epidote veinlets. 

Footwall to the Con Shear massive volcanic rocks locally demonstrate a weak. spaced (1 - 



Figure 3.3 Vertical cross section through the Con and Campbell Shears on section 19500 
with distribution of metarnorphic facies in the hangingwall and footwall of the shear 
suands. Distribution of ore lenses is also shown for the Campbell Shear. 
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Zmm). slightly anastomosing fabric defined by alignment of ilmenite and fine grained 

bladed to fibrous amphibole within recrystallised volcanic rocks lacking original igneous 

textures (Plate 3 . lb) .  Porphyroblastic. euhedral. amphibolitic schists occur at the 

extrerne north end of the Con Shear ( 1  l00L-27625. Plate 3 3 )  with unstrained andesine 

and ilmenite rimmed by tiranite. Considerable chlorite retrogression of amphibole occurs 

along grain boundaries. The most calcic plagioclase occurs as inclusions within 

compositionally hornogenous magnesio to ferro-tschermakitic hornblende. Amphibole 

grains Vary in length from 0.05 to 1.0 millimetres. and demonstrating optical continuity 
C 

define the fabric for the rock (27625). Fine grained recrystallised. weakly foliated basalts 

occur at the extreme north end of the Con Shear System south of the Igloo Inn (27598. 

Plare 3 2 d ) .  Epidote replacement and chlorite retrogression of medium grained idioblastic 

amphibole (Plate 3. le . f )  occurs in the immediate hangingwall of the Campbell Shear on 

the 5900 level of the mine within the extreme south end of the mine workings (5960M- 1 1. 

Porphyroblastic euhedral 0.5 to lmm epidote overgrows chlorite schist altering relict 

amphibole. Blue green. homogenous acicutar euhedral amphibole may be psuedomorphed 

or replaced by chlorire along cieavage planes. Relict andesine/labradorite are preserved 

as inclusions within amphibole or as a fine-grained groundmass panially altered to quartz 

and albite. 

3 .l.f Quartz-Plagioclase-Amphibole Veins 

Prosrade epidote and hornblende amphibolite facies volcanic rocks are locaily 

infested by Ca-amphibole-plagioclase-quartz veinlets. These are panicularly common in 

sheeted joint systems developed within the Con Intrusive Corridor and in the hangingwall 



Plate 3.2 Microscopic textures of amphibolitic schists. ( A )  Sample KL-1. Interlocking. 

optically aliped magnrsio-hornblende schist adjacent to Western Granodiori te. PPL. Field 

of view 1 .3mm.  (B)  Sample 77605. Weak. spacrd anastomosing fabric defined by ilmenite 

and amphibole in footwall of Con Shear. PPL. Field of view 2.5mm. (C) Sample 27625. 

1240L Con Shear. Large amphibole p i n s  defining foliation within unsheared lithon 

between C 3  and C34 Shears. PPL. Field of view 1 .?jmm. (D) Sample 17598. nonh end of 

Con Shear Systrm. Modente chlorite retrogresscd amphibolitic schisi within 2 metre wide 

shear zone. PPL. Field of view 1 -25mrn. ( E )  Sample 3960M-1. immediate hangingwall of 

Campbell Shear. 5960M XCW. Chlorite retrogressed amphibolitic schist. PPL. Field of 

virw 1 25mm. ( F) as ( E). inrense chloritr retrogression and drvelopment of chlorite schist 

aftsr amphibole. PPL. Field of view 1.35mm. 
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and footwall of the Con Shear. Veinlets are sharp-walled. Vary in width from 0.5 mm 

to 1 mm and cornmonly form brittle conjugate sets (276 15. Plate 3 -3a.b) with open space 

orowth of amphibole. feldspar. and quartz. Although intra-vein variation is minimal with 
C 

homogrnous amphibole chemistry the inter-vein variation in amphibole composition is 

cons iderable. 

Veinlets developed within rnid-amphibolite facies volcanic rocks typically are 2 

to 3 mm wide. These exhibit a rnineralogy of Mg hornblendelFerro-tschermakitic 

hornblende occurring as euhedral sheafs ro columnar aggregates within a fine mosaic of 

clear untwimed labradorite and quartz (C1675-45). Footwall to the Con Shear epidote- 

amphibolite volcanic rocks are cut by narrow ( 1 mm) quartz-plagioclase-Ca amphibole 

veinlets (37596. 276 15. R 18-4 1 1 ) . Medium-grained sub-euhedral sheafs of amphibole 

occur as clusters or separate grains (Plate 3.3c.d) cornmonly associated with medium to 

fine grained subhedral pyrite. Patchy chlorite retrogression of amphibole occurs along 

vein walls and localiy replaces amphibole along cleavage planes (276 15. RI 8-4 1 1 ) or 

psuedomorphs amphibole (27596). Homogenous amphibole with acicular to fibrous habits 

occur with fine grained interlocking untwinned calcic plagioclase (labradorite) along 0.0 1 

mm joint planes (CON 1. Plate 3.3e) crosscutting horses within the Con Shear. 

3.5 Post-Peak Potassium Metasomatism 

Potassium metasomatism is primarily manifested by wide spread development of 

biotite increasing in intensity in the irnrnediate hanzingwall of the Campbell Shear. 

Potassium feldspar veinlets occur within amphibolite schists and shear zone related 

alteration adjacent to the Con Shear System. Potassium feldspar occurs adjacent to the 



Plate 3.3 Microscopie textures of quartz-plagioclase-calcic amphibole veins. ( A )  Sample 

17615. Sharp walled vrinlrt with sheafs of amphibole. Note textural variation betwren 

vein amphibole and that of fine p i n e d  wall rock amphibole. PPL. Field of view 5 mm. 

( B ) same as (A). increased magni fication. Carbonate alteration associated with later 

crosscutting veinlet. PPL. Field of view 2.5mm. (C) Sample 27596. Footwall of  Con 

Shear. sharp walled veinlets with sheafs of MG-hornblende. Note sharp walled nature of 

vrinlrt and dispanty with fine grained bladed amphibole of host pillow basalt. PPL. Field 

of view 2.5mm. (D)  same as (C). increased magnification. PPL. Field of view 1.25mm. 

(E)  Sample CON cl. Footwall to CJ shear in unsheared lithon between C4 and C33 shears. 

Narrow joint plane with acicular amphibole associated with Ca-plagioclase. PPL. Field of 

via: 1.25mrn. 
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Pud Stock in veinlets and along joint planes as fine gainrd murky coloured grains 

associated with quartz and carbonate (27533. Plate 3.4a). The weathered fracture 

surfaces are commonly reddish brown. Potassium feldspar lined joints increase in size 

and abundance with closer proximity to the Pud Stock. Samples with potassium feldspar 

joints lack groundmass biotite alteration. The known distribution of early potassic 

alteration is concentrated in the immediate footwall of the Con Shear north of the Cl  

Shaft and hangingwall to the Con Shear south of the C-1 shaft and coincides with major 

shear systems. 

Biotite alteration increases in intensity with closer proximity to intrusive centres. 

Biotite development within host volcanic rocks adjacent to the Con Shear is manifested 

by fine grained disseminations (0.01-0.02 mm. Plate 3 -4b). as replacement of amphibole 

along grain boundaries and cleavage planes. and as discrete columnar grains or aggregates 

of grains (0.2mm-0.35mm) associated with microlites and varioles (Plate 3 . W .  Biotite 

may also demonstrate a spatial association with joints with a greater abundance of fine 

grained biotite adjacent to hairline fractures and 0.5-1 .Omm joints (27588. 27584. NDH- - 
188.S-765. Y 6  1 1. 5700ND). The distribution of biotite in hangingwall regions of the 

Campbell Shear is less well constrained than the Con Shear occurring mainly in sheeted 

joints and al teration selvages to hairline and 1-2 mm wide calcite-quartz-epidote fractures. 

Han_eingwall to the Campbell Shear biotite occurs within joint breccias and within discrete 

alteration selvages to 1-2 millimetre wide carbonate veinlets. No occurrences of biotite 

have been noted in basalts footwall to the Campbell Shear. Biotite rarely occurs within 

quartz-plagioclase-amphibole veinlets and whrre present replaces amphibole (CON-4. 

27615. 27616). 



Plate 3.1. Post-prak potassium metasomatism. (A) Sarnple 77533. Hornblende 

amphibolite facies massive basalt in hangingwall of Con Shear. within 30 metres of Pud 

Stock. Turbid. murky potassium feldspar joint (vertical joint in central portion of photo) cut 

by later quartz filled joint plane. PPL. Field of view 1 -25mm. ( B )  Sample 276 16. Fine 

mained disssminated biotite in pillow basalt: footwall of Con Shear. PPL. Field of view 
b 

1 25mm. (C)  Sample D2 1 8 4  1 : footwall of Con Shear. Fine gained biotite associared 

with plagioclase microlites within pillow basalt. PPL. Field of view 1.25mm. 
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Correlation of hangingwall shreted joints domains with ore shoots within the Con 

Shear (Armstrong. 1990) and the Campbell Shear (Webb. 1987) is well documented. 

Numerous conjugate joint sets are rotated into parallelism with the hangingwall of major 

shears throughout the mine site. Based on observed crosscutting relarionships early joints 

are characterised by an epidote +/- carbonate assemblage and locally contain relict 

amphibole or potassium feldspar. later joints are dominated by carbonate. chlorite. albite 

+/- epidote assemblage. Early epidote-carbonate joints lack alteration haloes and are 

comprised of fine-grained interloc king carbonate-epidote (ND5900L. ND6 1 00L. 27574) 

with epidote lined walls (27575). Later crosscutting carbonate dominated joints and 

fractures are characterised by bleached margins that obliterate prograde metamorphic 

textures and mineralogy. Intensity of jointing and bleaching commonly increases toward 

the structural hangingwall of shears concomitant with increasins modal chlorite and 

intensity of the foliation fabric. 

3.6 Post-Peak Retrograde Brittle/Ductile Shear Systems 

Prograde metamorphic minerai assemblases of the host litholoeies are overprinted 

by strucnirally controlled domains of post-peak retrosrade metasomatism. The most 

significant and readily identifiable retrograde structural domains are the brittle/ductile 

shears zones transecting amphibolite facies volcanic host rocks and which may host 

significant gold mineralisation. Retrograde shears of the Con Mine host both "rnetallic" 

free-milling and refractory "invisible" gold ores. The two styles of gold crystallisation 

occupy discrete zones within the mine. 



3.6.1 Metallurgy of Con Mine Ores 

From 1939 until 1947 gold ore from the Negus Mine was free-milling with greater 

than 90% gold recovery by cyanidation. jigs. and blanket table processes. The remaining 

IO '% of the gold was lost in the taiiings and believed to be intimately associated with 

arsenopyrite (Lord. 195 1: Bureau of Mines 1940d). Rycon Mine ore was treated at the 

Con Mine Mill and until early 1940's approximately 92% of the gold was recoverable 

through cyanidation. jigs and blanket tables (Lord. 195 1 : White et al.. 1949). For borh 

Nesus and Rycon ores 30% of gold was recovered by jigs and blanket tables alone (Lord. 

1951 ). 

From 1939 - 194 1 early milling operations for the Con Shear recovered 90% of 

the gold throuzh a combination of jigs. blanket tables and conventional cyanidation (Lord. 

1951: White et al.. 1949). Early mining within the Con Shear focused on the Shafr 

Group of veins and narrow portions of the C4. C34. and C3? strands. Subsequent to 

1941 more refractory ores were encountered within the Con Shear System and a roaster 

was installed to treat sulphide concentrates generated after conventional cyanidation in 

order to boost gold recoveries. Bottle roll testing in 1990 of C4 ore intersections beneath 

Rat Lake indicated that expected recoveries from cyanidation alone would be less than 

50 5% (Mal tby . 1 990). Material from lenses dominated by quartz veining w ithin narrow 

shear trends achieved the best recoveries with cyanidation while the zones with less 

abundant veinine and a more laminated arsenopyrite rich character were more refractory. 

The Campbell Shear Systern is host to both free-rnilling (metallic) and refractory 

("invisible") gold ores. Approximately 55 bottle roll cyanidation tests have been 

conducted on different lenses within the Campbell Shear in order to determine tailings 
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grade. and eold recoveries and the results are represented on Figure 3.1. Based on the 

metallurgical testing refractory ore lenses are restricted to the 102 and 103 zones and can 

be inferred to exist within the Negus Zone since roasting was required to achieve 

adequate recoveries from the Negus portion of the Campbell Shear (Coulson. 1950: Lord. 

195 1 ). Arsenopyrite is the dominant host for the invisible gold and locally arsenian-pyrite 

hosts significant invisible gold. 

A roaster was utilised at the Con Mill from the early 1940's until 1970 and treated 

a sulphide float generated 'subsequent to cyanidation (Martin. 1990) and a pressure 

oxidation autoclave was commissioned at the Con Mine in 1992 to treat calcine residue 

and refractory ore from the 1031102 zones within the Campbell Shear. Metallureical 

testing of refractory ores hosted in the Campbell Shear indicate that finer ore srind and 

increased cyanide do not improve gold recoveries through cyanidation treatment and 

cyanide tailings eold values consistently fa11 in the r a y e  of 0.10 ounces per ton (Martin. 

1990). Gold recovered through cyanidation ranges from 30 to 95 E : aithough samples 

with high cyanide recoveries also had elevated cyanide tailin9 grades. The grade of 

cyanide railings may be influenced by two factors i) incomplete dissolution of coarse gold. 

or ii)  the presence of "invisible" gold hosted in sulphide minerais. Cyanidation treatment 

of floatation concentrates produced subsequent to cyanidation provides no significant 

increase in sold recovery while cyanidation of floatation concentrates produced prior to 

cyanidation recovered 35 to 90% of the gold. 

During the period from 1970 until 1990 mining was restricted to the 100 and 10 1 

free-milling rezions of the Campbell Shear. Recoveries with cyanidation average greater 

than 93% and tailings grades for free-milling ores are on average less than 0.04 ounces 











per ton sold. 

3.6.2 Negus-Rycon Shears 

The auriferous Negus-Rycon veins have been classified by Boy le ( 196 1 ) as quartz 

veins hosted in narrow shears that transect stratigraphy. These veins form a series of 

discontinuous ore bodies with a combined strike length of 1100 metres and a dip extent 

in excess of 1000 metres. Their geology has been described by Lord ( 195 1 ). and Boyle 

(1961 j.  The Rycon veins were staked in 1936. minine started in 1938 and ceased in the 

mid-1940's. The southern portion of the Negus-Rycon shears were exploited by Negus 

Mines Limited from 1939 until the summer of 1948 (Coukon. 1950). The Negus-Rycon 

veins occur approximately 700 metres ENE of the Robertson Shaft and f o m  an 

anastornosing set of NNW-striking. moderate to steep West dipping veins that crosscut 

stratigraphy and locally follow gabbro dyke-volcanic flow contacts. Host volcanic rocks 

lie within the Con Intrusive Corridor and mineralised shears offset quartz-feldspar 

porphyry dykes. Productive portions of the Negus-Rycon System are bounded by the 

Negus Fault to the south and the Con Diabase to the north. The eastern portion of the 

Rycon system is defined by the R-51 and R-53 shears forming the N-15. N-9. and N-l 

veins on the Negus property. The western portion of the Negus-Rycon System is defined 

by the R-57 and R-54 veins correlating with the N-3 (C-26) and N-2 veins respectively . 

Neeus type veins are recopnised at deeper levels within the mine on the 3 100L. 3700L. 

and 3900L in the irnrnediate hangingwall of the Campbell Shear. 

Veins and shears are narrow with widths varying from 30 centimetres up to 9 

metres and average 1.5 metres. Quartz vein-wallrock contacts are sharp with rninor 
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chlorite schist developrnent. Practically ali gold is found in quartz associated with pyrite. 

arsenopyrite. sulphosalts. scheelite and carbonate (Lord. i95 1 : Boyle. 1961 1. The Negus- 

Rycon veins are typified by a wall rock alteration referred to as "Negus alteration" 

cornprised of bleached buff green silicified. sulphide-rich walI rock that rnay or may not 

be auriferous. Exarnples of this alteration referred ro by Boyle ( 196 1 : plate VII) are 

associated wi<h narrow veins in the immediate hanpingwall of the Campbell Shear on the 

3 I O 0  and 3700 levels of the mine. Vein selvage alteration rnay be up to 50 centimetres 

wide. Mineralog consists of fine grained albite. carbonate. muscovite. pyrite and 

euhedral arsenopyrite with trace sphalerite. electrum and gold. Alteration selvage pyrite 

may contain 1-2 micron blebs of electrum (3 19 1-3. fineness = 683-692. n= 3). Electrum 

also occurs in ankerite or quartz sangue ( 3  19 1- 10. fineness = 8 12-829. n=5) contrasting 

with electrurn in quartz gangue from vein material (3 19 1-4. fineness = 839. n =5). Negus 

veins are truncated and deformed by movement along the Campbell Shear (Plate 3.5) .  

3.6.3 Con Shear System 

The Con Shear is the western most of the major ductile shear system and the 

second most important gold producer on the Con Mine propeny. Exploration by 

trenchine and sporadic diamond drilling has been conducted along a strike length of over 

10 kilometres from the City of Yellowknife south through Rat Lake. Keg Lake, Meg 

Lake and Octopus Lake and to a depth of 850 rnetres in the Con Mine. The Con Shear 

System is an anastomosing. nonh-northeast trending. west-dipping shear system and is 

comprised of several different shear strands and mineralised domains. Host rocks are 

dominated by mafic flows in the northern portion of the shear through the mine yard 



Plate 3.5 Negus Vein (A) Negus vein on 3 100 [eve!. Looking east. Bone white quartz 

vsin with thin wall rock septa on footwall portion o f  vrin. Bleached buff green carbonatr- 

albite-white mica alteration "Nrgus Alteration" along footwall of  vein. (B). Negus vein o n  

3 l O0 level. Looking nonherly. phot@ of drift back. Negus vein tmncated and sheared by 

hangin&wral 1 of main Campbel 1 Shear. 
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althoueh with depth the shear passes into and deforms the Pud Stock. The main 

components to the Con Shear System include the Shaft System (CIO. C8. C 1 .  C3. C 17. 

and CI8 shears) and the Con System (C32. C34. C36. C12. C1 shears). Historic gold 

production from the Con Shear System occurred from 1938 until the early 1950's and is 

restricted to a 1 kilometre portion of the system ranging from the north end of Rat Lake 

south to the Pud Fault and is accessed through the C- 1 shaft. 

The HW C4 and FW C33 shears trend N10-30E with moderate to steep westerly 

dips. The area between Rat Lake and the Pud Fault is a zone of anastomosing and 

bifurcating shears. in section and plan. interlaced with large elongate horses of unsheared 

volcanic rocks enclosed by the C4 and C34 shears (Figure 3.5). Cross-over structures 

t C36. C37. C38) may crosscut horses. strike more northerly to northwester Iy than the C I  

and C34. and host significant ore bodies. Crack seal open space veins occur wirhin the 

unsheared horses (C39) formine small discontinuous ore lenses. 

The C4 and C34 shears form narrow ( 1 - 10 metre) individual shears near surface 

separated by a large volcanic horse which with depth and along strike pinches out 

resulting in a thickened portion of the shear (30-40 metres) creating a loci for ore zone 

development. The plunge of individual ore shoots approximates the line created by the 

intersection of the shear with stratigraphy and the intersection of the 010 trending shear 

with the brittle cross structures. 

3.6.3.1 Shaft System 

The Shaft Group is a NNW striking. West dipping series of shears and veins 

occurring West of the C- 1 Shaft. The mineralisation occurs within the hornfelsed aureole 



Figure 3.5 Plan map of the 250. 450. 950, 1100, and 1250 levels of the Con Shear 

accessed by the C-1 Shafi. The major shear strands are labelled along with the 

distribution of rnineralised zones along the strike of the productive portion of the 

Con Shear. Locations for samples discussed within the text are also shown. 
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to the Pud Stock. locally along the Pud Stock/volcanic contact. and may follow eabbro 

dykeholcanic contacts. Initial exploration and mining was conducted within this series 

of veins with a decline shaft driven on the C-IO Shear in 1937. Important members of 

the Shaft Group include the CIO. C8. C l .  C2.  C17. and CI8 shears. 

The eastem most shears ( C  17. C 18) are narrow and moderately carbonated. Brittle 

sheeted joints hangingwall to these shears occur 30 to 50 metres from the granite contact. 

Mineralised domains consist of 15-30 cm ribboned. grey to white quartz veins with coarse 

free gold. arsenopyrite. and sulphosalts enveloped by narrow bands of chlorite schist. 

The footwall iç dominated by shear parallel sheeted joints (300/60W) that fade into 

footwall volcanic rocks lacking shear parallel joints ( 1 O/4ON). 

The C 10. C?. C8. and C 1 shears f o m  a series of NNW to NW trending. variably 

west-dipping shears adjacent to the C-l Shaft and Con Mill buildings. The C-10 shear. 

mined from surface to the 650 Level. varied in width from 30 cm to 2.5 metres. The 

C l0  shear trends N 3  1 WB1 W. varies in width up to approximately 2 metres with a wider 

hangingwall aiteration zone comprised of spaced sheeted joints. A conjugate set of 

hangingwall joints (300/90. 030-040/80E) with bieached carbonate-chlorite altered 

rnargins increase in frequency and alteration intensity with closer proximity to the shear 

contact. The joint sets do not offset piliow selvages of hangingwall Rows. Narrow zones 

of moderately foliated chlorite schist envelope strongly foliated quartz-muscovite-ankerite 

schist hosting 10-15 cm quartz vein boudins. Quartz vein material is variably deformed 

on a thin section scale with domains of strong cataclasis associated with a secondary 

introduction of ankerite. sheridanite. muscovite. albite. and arsenopyrite (Plate 3.6a). 

Distribution of sulphide. carbonate. and recrystallised quartz de fine an anastomosing 



cleavage through the macroscopicaily mottled quartz vein. 

3.6 .3 .2  C32 Shear 

The C32 Shear trends NNE with a steep to moderate West dip. has been traced by 

drilling and mining for approximately 500 metres. was exploited on the 150. 350 levels 

of the mine and occurs immediately east of the C-1 Shaft. At surface the immediate 

footwall of the C32 Shear is marked by a sheeted calc-alkaline dyke possibly correlatiq 

to a "sheared lamprophyre" noted on old map plans from the 250 level. Gold 

rnineralization is associated with mottled. grey-white quartz veins enveloped by green 

white mica or chiorite schist: locally alteration associated with the C32 may attain 

thickness of 10 metres with 1045% quartz stringers. Gold grade and widths of veining 

are variable with higher grade intersections associated with silicified. white mica selvages 

and a vein mineralogy of arsenopyrite. pyrite. chalcopyrite. Interna1 pressure solution 

selvages and wall rock septa are common. white mica alteration is cornrnonly apple green 

in colour. 

3.6 .3 .3  C4 Shear 

The C4 forms the major hangingwall shear for the Con System and varies in 

width. dip. and nature of gold mineralization along its known strike and dip extent. 

Based on physical and mineralogical criteria two distinct styles of gold mineraiization are 

hosted in the C1 shear: i) narrow quartz veins with free gold hosted in narrow shears. and 

ii) carbonated refractory schists hosted in wide shears. 



Free-millins ore in narrow shears 

The C-4 shear outcrops immediately behind the main mine office where it may be 

traced for 300 metres. The shear transects a package of intercalated pillowed and 

massive flows with individual flows averaging 5- 10 metres in thickness. The shear ranges 

in width from 2.5 to 10 metres. trends O10 - 015 through massive flows. changes strike 

to 025 - 030 whilê transecting pillowed flows. Mineralised dilational zones occur within 

0 3  - 030 trending portions of the shear. Narrow (15 centimetre to 3 metre wide) hish 

orade quartz veins were exploired from surface to the 950 levrl alone a strike length of - 
500 metres from the south end of Rat Lake to just north of the C- 1 Shaft (Figure 3.6). 

The strike length of individual shoots decreases with depth. Average stope grades were 

high attesting to the abundant visible gold in the veins. A 400 metre portion of the C4 

shear exposed on the 250L outlined 200 metres of ore contained within six differeni 

shoots ranging in strike length from 30 to 100 metres. in width from 20 centimetres to 

5 metres. and in grade from 1 to 1.3 ounces per ton Au (Jolliffe. 1941). South toward 

the Pud Stock the C4 shear near surface remains a narrow 2-3 metre wide 010 steep West 

dipping structure along which no dilational zones have been identified to date by surface 

diamond drill in^. 

Brittle jointing hangingwall to the shear preferentially disrupts pillowed flows 

relative to massive flows. increasins in intensity within 1 to 2 rnetres of the hangingwall 

contact (Plate 3.6b.c.d). Joints are manifested by clean cleaved surfaces with narrow 

bleached haloes created by carbonation of amphibole and joint breccias develop in the 

immediate hangingwall of the shear (Plate 3.6e). 

Barren chlorite - calcite altered portions of the shear transecting massive flows 



Figure 3.6 Vertical cross section through a narrow portion of the C4 Shear immediately 
northeast of the C-l Shaft. The C4 Shear is narrow, steeply dipping and hosts 
ore within dilatant zones developed at the intersection of the shear with pillowed 
flows. The C34 Shear has a shallower dip. is anastomosing and barren in this 
locality . 
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trend more northerly (0 10 - O 15). have a steeper dip. and locally demonstrate a brecciated 

appearance. Dilational jogs occur at pillow/massive flow contacts. commonly have a 

piIIowed hangingwall. and occur where a cross structure (070165-75W) that subparallels 

contact between pillowed and massive flows intersects the 010 trending shear. DilationaI 

jogs are characterised by an abrupt change in strike and dip (Plate 3.6f) and are 

comprised of 15 ro 20 centimetre wide blue-grey to mottled white boudinagrd quartz 

veins enveloped by a silicified paragonitic muscovite-ripidolite-arsenopyrite-pyrite schist 

with widths of 50 to 100 cencirnetres. 

Selvages to veins Vary in width frorn several centirnetres up to 1 metre and are 

comprised of laminated fine grained ankerite. paragonite. parasoniiic-muscovite. albite. 

ripidolite. euhedral pyrite and arsenopyrite assemblage. Thin anastomosing (0.5 to 1 cm) 

optically aligned bands of paragonitic-muscovite and ripdiolitr transecr fine grained 

cryptocrystalline quartz. albite. and ankerite with medium to coarse grained euhedral 

pyrite and arsenopyrite. Sulphide grains are associated with domains of polygonal quartz 

and demonstrate pressure shadow development. Wrapping of pargonitic-muscovite bands 

around sulphide gains and preservation of relict carbonate-sulphide patches suggests 

development of the anastomosing fabric post dates pyrite-carbonate alteration. 

Quartz veins within dilational zones Vary in colour from greasy grey to white and 

in width frorn 30 cm to greater than 1 metre. Texrurally quartz veins appear brecciated 

with the quartz having undergone variable degrees of recrystallization with undulose 

extinction. sub-grain boundary development. sutured grain boundaries and domains of 

polygonal quartz indicating caraclastic deformation of pre-existing quartz vein material 

(C204-7. C4- 1.  Plate 3.7a-d). Secondary anastomosing cleavage is defined by a 



Plate 3.6 Wallrock and vein textures for narrow segments of the Con Shear. (A) Sarnple 

27554, Cl0 Shear. Cataclastic quartz vein with subgrain boundary development 

and concentration of arsenopyrite along late foliation plane preferentially 

developed in carbonate rich portion of vein. PPL. Field of view 1.25m.m. (B) 

Sheeted joint sysam in hangingwall of Con Shear. looking easterly toward C4 

Shear. sheeted joints preferentially developed in pillow flow units . (C) Brittle 

jointing in pillow flow. Pillow outline is still preserved with most intense joint 

deveiopment along pillow selvages, within 10 metres of C4 Shear hangingwall 

contact. (D) Parallel sheeted joints in imrnediate hangingwall of C4 Shear. (E) 

Sarnple C404-16. 450 Level Con Shear. Irnmediate hangingwall of shear zone, 

chloritic joint breccia with calcite cernent of intensely chioritised and carbonated 

wallrock. (F) C4 Shear looking southeasterly along 025 trending dilatant zone. 

At picket ore lens terminates and C4 Shear pinches to approximately 50 

centimetres and trends more north-south. 





muscov itr. ripidol ite. ankerite. arsenopyrite. + /- pyrite. sulphosalt. salena. and gold 

assemblage that defines a " matrix" to the brecciated quartz. Sheridanite is associated w ith 

ankerite alteration within a folded quartz vein in the immediate hangingwall of the C4 

shear on the 250L (C704-3). Sulphides are restricted to the secondary cleavage domains 

(C1-1. C204-2. Plate 3.7a.c) as euhedral fine to medium grains or are associated with 

ankerite-muscovite domains within relatively undeformed whitish quartz veins. 

Gold mineralization occurs both within the alteration selvages to quartz veins and 

in the veins. Within the schists gold occurs as isolated inclusions within arsenopyrite and 

pyrite hosts. along fractures in sulphide. or as discrete grains at sulphide grain 

boundaries. Gold inclusions hosted in pyrite and along fractures have a greater fineness 

(range 842 to 948: C4W-4) relative to gold grains ar pyrite ga in  boundaries (range 555 

to 561: C404-4) and arsenopyrite grain boundaries (fineness 723-724: C404-5). Gold 

within quartz veins may occur as large 10-20 micron blebs (fineness range 904-906: C4- 

1 ) hosting arsenopyrite inclusions within an anastomosing cleavage. as isolated inclusions 

within arsenopyrite (fineness range 839-95 1 : C404-2). and isolated grains at arsenopyrite 

grain boundaries in contact with polygonalised and amealed quartz (C404-2). Gold 

grains occurring at arsenopyrite grain boundaries may be zoned with respect to AulAg 

ratios with fineness varying from 751 to 520 (C404-2. Plate 3.7e.f) as discrete patches 

in one grain or gold grains may be homogenous (fineness of 518-539: C404-2). 

Arsenopyrite ga in s  are zoned with low As cores. high As rirns: pyrite in alteration 

selvages may contain elevated As toward rims. Veins host accessory galena. sphalerite. 

and a variety of sulphosalts including jamesonite. stibnite and boulangerite. 



Plate 3.7 Narrow Con Shear quartz vein textures. (A) Sample C204-2, 250 level of Con 

S hear. Brecciared, polygonalised quartz vein material. White mica, carbonate 

and sulphide are associated foliation developed during vein deformation. PPL. 

Field of view 5rnrn. (B) same as (A). XN. (C) Sample C4-1, surface exposure 

of C4 Shear vein material. Polygonalised quartz vein material, sulphide and sheet 

silicates associated with secondary foliation. PPL. Field of view 5mm. (D) 

same as (C); XN. (E) Sample C404-2. Electron microprobe backscatter image 

of homogenous arsenopyrite grain hosting metallic gold as fracture fill, discrete 

inclusions. and at sulphidelsilicate boundary . (F) Increased magnification on 

gold grain at sulphide/silicate interface. Mottled gold grain with Au-rich (bright) 

and Ag-rich (dark) domains. 





Refracron ore in \ride ~izeurx 

The Con Shear beneath Rat Lake. north of the surface exposure of the C4 Shear. 

is a thick 30 - 50 metre wide complex zone of interfingering strongly foliated. moderately 

to stronely laminated white mica-chlorite-carbonate schists (Figure 3.7). Two distinct 

lenses occur within this thicken portion of the shear: the C4 hangingwall shear and C34 

footwall shear. The lenses are separated from each other by a 5-10 metre wide zone of 

weakly foliated chlorite schist and weakiy sheared pillowed and massive flows. The 

down plunge extension of the Rat Lake C4 ore lens may be traced to the 1250 foot level 

of the Con System occurring as a thickened portion of the shear associated with intense 

carbonate al teration. 

Jointing hangingwall to the thickened C4 Shear segment is more pronounced than 

hangingwall to narrow portions of the C4 Shear. Hairline joints with 0.05 mm with 1 

mm wide bleached selvages cornprised of calcite. chlorite. and epidote alteration of host 

amphibolire facies volcanic rocks exist 30 rnetres frorn the han~ingwall contact of the 

shear. With closer proxirnity to the shear joints increase in abundance and thickness ( 1 

ro 1.5 mm. R209- 150) with a concomitant increase in the width of the attendant alteration 

(4-5mm: R2O9- 150). Joints are infilled by fine grained calcite. pycnochlorite. quartz. + /- 

albite and epidote and rarely muscovite (R.209- 150). Monomineralic calcite joints 

crosscut earlier generations of calcite-epidote filled joints. 

Within 10 rnetres of the hangingwall contact sheeted jointing and pervasive 

carbonation obliterates prograde metamorphic textures of the host basalt. The aiteration 

is readily distinguished by a buff grey green colouration and is comprised of fine grained 

calcite. chlorite. quartz +/- pyrite. Sheeted joints are infiiled with calcite with minor 



RAT LAKE 

Gabbro dyke 

Fine grained volcanic 

a Pillow vdconic 

Chl- ser schist 

Ser-ch1 schist 

@ Qtz-sertite schtst 

Figure 3.7 Venical cross section through a wide portion of the Con Shear beneath Rat 
Lake. C4 Shear is characterised by mineralised carbonate-paragonite-chlorite- 
arsenopyrite assemblage. The C34 and C4 Shears are separated by variable 
thicknesses of chlorite-white mica schist. Hangingwall contact is characterised by 
intense carbonate flooding and associated bleaching. 
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quartz and locally medium grained euhedral pyrite. Sheeted jointing becomes 

progressively brecciated and foliated toward the shear contact and undergoes a sharp 

transition from a calcite to an ankerite dominated alteration assemblage. Buff alteration 

domains that lack well developed foliation are comprised of medium grained equant 

ankerite-py rite alteration that are transected by 1-2 cm spaced chlorite-muscovite- 

potassium feldspar shear planes. Pyrite grains are rotated into the shear plane and where 

preserved within ankerite domains exhibit pressure shadow development (RO9- 192). 

Wispy tension gashes are infilled with ankerite. A planar fabric defined hy a fine 

intergrowth of chlorite. ankerite. leucoxene. potassium feldspar. and albite may wrap 

around tension gashes (R2 18-31 1 -5.  R2 14- 172) and create pressure shadow srowth around 

disseminated pyrite grains. The hangingwall contact of the shear is defined by the - 

prrsence of a moderately developrd spaced ( 1 - 1.5 cm) cleavage marked by planar bands 

of chlorite. increasing in pyrite and white mica contenr. 

Within 3-4 metres of the ore Ienses ankerite-chlorite alteration increases in 

intensity . relict fine grained hydrothemal (0.1-0.3 mm) potassium feldspar . and equant 

twinned 0.1-0.3 mm albite grains lie across the foliation and are locally rotated into the 

fabric t R09-130.6: Plate 3.8a). Potassium feldspar and albite are progressively altered 

to muscovite. chlorite. and ankerite with increased development of fabric. Chlorite- 

muscovite shear bands increase in intensity toward the ore lenses. 

The C3 ore lens under Rat Lake is characterised by a strongly laminated steely 

grey CO loured carbonate flooded ankerite-paragonitic muscovite-ripidol ite-arsenopy rite- 

pyrite schist with accessory tourmaline and titanite. Contacts with enveloping ripidolite- 

muscovite-ankerite-pyrite schists are sharp. Ore grade material is associated with 
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intensely ankerite fiooded domains which are transected by later spaced ( 1 - h m )  thin 

(OS- 1 .O mm) cleavage planes comprised of paragonitic muscovite. ripidolite. quartz, 

arsenopyrite. + I- pyrite. aibite. and tourmaline (R09-239. R09-355. 2762 1 ) irnparting a 

banded to laminated texture to the rock (Plate 3.8c.e.f). Ankerite domains are 

charactrrised by subhedral to anhedral interlocking medium (0.4-0.8 mm) grained 

aggregates comprising up to 60-70 modal volume. with 1-2 % disseminared arsenopyrite 

and pyrite. Arsenopyrite occurs as fine grained (0.01 to 0.4mm) acicular to prismatic 

euhedral grains or aggregates of grains along paragonitic-muscovite foliation planes and 

may comprise up to 10-20% modal percent. Pyrite is limited in its distribution to ankerite 

flooded domains and where present along foliation planes grains are fractured. abraded. 

and pulled apart into the foliation (Plate 3 3b.f ) .  Locally pyrite cores appear corroded 

and replaced by paragonitic muscovite and chlorite. 

More barren portions of the ore lens are comprised of extremely fine grained 

ankerite and less abundant mica-chlor ire-arsenopyrite foliation planes. Local ly quartz- 

ankerite-tourmaline lozenges are enveloped by anastomosing paragonitic muscovite- 

chlorite planes (R09-255) and pressure shadow development around arsenopyrite 

aggregates occur adjacent to later crosscutting quartz ankerite stringers. 

Quartz veins are present within the ore and consist of sub-vertical. thin 3-4 cm. 

rnottled to Iaminated grey white veins and locally host arsenopyrite. sulphosalts and 

visible gold. The second variety of veins crosscut mineralization, are barren of pold and 

sulphide and are comprised of late vuggy quartz. pink carbonate. and pockets of medium 

erained pale g e e n  paragonitic-muscovite. 
C 

Gold is observed in three main sites of deposition: i) as free gold in sub-vertical 



Plate 3.8 Altention and minenlisation textures of Con Shear refractory schists. (A)  W09- 

130.6. Albite (ab) replacing potassium frldspar (k)  in chlorite-white mica schist in 

immediate hangin_palI of auriferous zone. XN. Field of view 1 .Xmm. (B)  R209-739. 

Pyrite (py) as abraded and hctured _mains along thoroughgoing planar shear fabric. 

Arsrnopyritr replaces p - i t r  and occurs as subhednl p i n s  dong foliation planes. 

Rstlected light. Field of view 1.3mrn. (C) R209-139. Latr anastomosing paragonitic 

muscovite-chlorite-sulphide foliation plane transecting polygonalised carbonate alteration. 

XN. Field of view 1.5mm. (D) E09-255. Pyrite (py) with poikiolitic cores within 

presenxd ankerite domain. Reflectsd light. Field of view 2.5mm. ( E )  R209-255 Planar 

paragonitic muscovite-arsrnopynte-chlorite foliation transecting ankerite altention. Note 

s a in  s i x  reduction in carbonate toward foliation plane. XN. Field of view 2.5mm. (F) 
t 

Same as (D) .  Pyrite associated with preserved vein carbonate. Euhedral arsenopyritr 

associated with late white mica foliation plane. m. Field of view 2.5mm. 
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quartz veins. ii) as isolated inclusions within arsenopyrite grains. and iii) as solid solution 

within arsenopyrite gains. The abundance of free gold in veins is volumetrically 

restricted and where present have uniform fineness (fineness of 762-786. C4-20). 

Arsenopyrite grains are ubiquitously zoned with low As cores and high As rims. Isolated 

inclusions of gold ( 1-3 microns) hosted in arsenopyrite are associated with high As prowth 

bands within the arsenopyrite and have a uniform fineness (896-905. R09-239). The high 

As erowth bands also host the invisible gold within the arsenopyrite grains. Arsenian- 

pyrite cores pyrite grains and is barren of invisible gold and free of gold inclusions. 

Tetrahedrite occurs within veins. as disseminations associated with arsenopyrite. o r  as 

inclusions within cores of individual arsenopyrite grains. Bournonite. jarnesonite. and 

berthierite are associated with arsenopyrite within the schists (R09-239). Sphaierite and 

chalcopyrite are present in trace amounts. 

3.6.3.4 C34 Shear 

The C34 Shear defines the footwall of the Con Shear system and has been traced 

on surface and undergound for a strike length of approximately 1500 metres. The shear 

does not outcrop and hosts a variety of ore lenses and unlike the C4 Shear the style of 

mineralization is more quartz vein dominated. The productive portion of C34 Shear has 

a strike length of approximately 150 to 300 metres. Near surface under Rat Lake the ore 

lenses lie nonh of the Con 4 Diabase. which bisects the lens ai depth. and plunges 

moderately to steeply south down to the 1550L with a separate zone south of the C-1 

shaft on the 1550L immediately nonh of the sheared Pud Stock. Milky white quartz 

veins in the footwall of the Con Shear at Rat Lake contain sphalerite. tetrahedrite. gold. 
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disseminated arsenopyrite and pyrite. Enveloping ankerite-paragonitic muscovite- 

ripidolite schists (R09-298) are similar to alteration within the C4 lens at Rat Lake. 

South of Rat Lake ankerite-paragonitic muscovite-ripidolite schist selvage milky 

white quanz veins with internai septa of gold. tourmaline and carbonate. Selvages to 

veins are comprised of buff greenish brown intensely ankerite flooded domains transected 

by paragonitic muscovite-arsenopyrite foliation planes with extremely fine grained 

ankerite and quartz. Locally medium grained interlocking ankerite lozenges are preserved 

in the alteration and are wrapped by the fine grained ankerite-mica foliation (776 14. Plate 

3.9e): there is a significant reduction in ankerite grain size away from the preserved 

lozenges toward the shear planes (Plate 3.9a.b). Fine grained acicular arsenopyrite is 

confined to the shear planes whereas medium grained. subhedral. locally pulled apart 

pyrite may be associated with medium grained carbonate domains or within shear planes. 

Quartz vein material is defomed with grain size variable from several millimetres 

to micron size . Undulose extinction. subgrain boundaries and pressure solution grain size 

reduction (sutured grain boundaries) alone grain contacts are common textures. Interna1 

vein septa are comprised of fine grained tourmaline ankerite. rutile and are the 

preferential site for gold. arsenopyrite. low Fe-sphalerite. galena. Ag-tetrahedrite. 

stibnite. and bournonite which are rarely found as isolated grains in quartz. Gold 

occurrine as 0.1 to 0.15 mm diameter grains isolated in quanz gangue have a Iower 

fineness (758-775) than gold grains associated with sulphide and sulphosalt rninerals (9 16- 

939) within ankerite septa (C34- 12L). 

Material from the C34 ore lens (LI5- 1. L15-3) exposed on the 1550L is comprised 

of  buff to tan brownish green ankerite-mica-chlorite arsenopyrite pyrite schist. Pressure 
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shadows are drveloped around sub-euhedral medium grained pyrite and arsenopyrite 

withiri medium grained ankerite flooded domains. Anastomosing ankerite-muscovite- 

chlorite foliation bands with fine grained acicular arsenopyrite transect the coarser grained 

ankerite-sulphide domains. ChaIcopyrite is intimately associated with pyrite within the 

coarser grained portions of the alteration package. Significant quartz vein material is 

lacking at this location. 

3.6.3.5 C36 Shear 

The C36 shear forms an important NNW trending. cross-over shear between the 

C4 and C34 shrars and may be traced from surface at the nose of the l a q e  greenstone 

horse along a southerly plunge to the 1500L. The strike length of ore lenses is variable. 

Ore was mined intermitrently from quartz veins along the entire dip extent of the C36 

shear. The lower portions of the C36 Shear on the I400L and 1500L are characterised 

by an increase in carbonate alteration with an attendant drcrease in sulphide content and 

a decrease in quartz veining (Sproule. 1952). 

Laminated ankerite-paragonitic muscovite-chlorite-pyrite schists (276 1Oa) 

containin? relict potassium feldspar (Plate 3 . 9 ~ )  and albite envelop variably deformed and 

mylonitised quartz veins (276 10. 276 17a. 276 17). The laminated texture of schist 

material selvasing veins results from variation in ankerite grain size associated with 

increased paragonitic mica and chlorite content adjacent to coarser grained ankerite pyrite 

bands. Locally pressure shadows are developed around pyrite grains and relict 

hydrothermal potassium feldspar grains are rotated in the plane of the foliation. 



Plate 3.9 Vein texture of the C34. C36. and C39 Shears. (A)  SampIe 276 14. C34 Shear. 

Polygonalisrd and boudinaged quartz vein fn_gments enveloped by anastomosing white 

mica-sulphide foliation bands. Vein fn_mrnts dernonstrate intense polygonalisation. XT. 

Field of view 2.5m.m. ( B) 276 11. Fine rmined white mica-carbonate schist bordering lithon 

of relict quartz vein in lower left portion of photo. XN. Field of view 3 m m .  ( C )  Sarnple 

Y 6  14. C36 Shear. Grain size reduction and brecciation of relict potassium feldspar ga in  

in paragonitic muscovite chlorite schist. XN. Field of view 1.25mrn. (D) 276 10. C36 

Shrar. Grain size reduction of carbonate dunng progressive deformation of quartz carbonate 

win. .W. Field of virw jrnm. (E) 276 14. Lozcng of moderately polyeonalised 

carbonate with acicular arsenopyite (opaque) snveloped by later micaceous foliation. m. 

Field of view 3 m m .  (F)  Sample 27611. C39 Shear. 1250 level. Con Shear. Moderately 

deforrned crack-seal quartz carbonate vein. XN. Field of view h m .  
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Quartz vein materiai varies in width frorn 10's of cm up to metre scale and are 

variahly deformed and boudinaged and host arsenopyrite. pyrite. gold. low Fe-sphalerite. 

and sulphosalts. Vein material rnay be brecciated (276 10a) or  boudinaged (276 17 .Y6 17a) 

with significant p a i n  sizr reduction. A secondary cleavage transecting quanz ankerite 

veinine is defined by paraeonitic muscovite and chlorite shear bands that envelop quartz 

ankerite domains characterised by undulose extinction and subgrain development. 

Arsenopyrite is restricted to the later crosscutting foliation bands that can be seen to pinch 

and swell through the quartz host. Ankerite grain size dramatically decreases as white 

mica content and foliation inrensity increase (Plate 3.9d). 

3.6.3.6 C39 Shear 

The C39 shear is a WNW trending narrow. brittle. crack-seal quartz vein with 

weakly sheared chloritic selvages. It occurs within an unsheared volcanic horse interna1 

to the Con System and was exploited on the 950 and 1250 levels. Sheridanite- 

clinochlore-muscovite-arsenopyrite foliation bands transect variably deformed and 

cataclastic quartz carbonate vein material (27613). Crack-seal vein filling textures are 

locally preserved with alternating bands of herring bone quartz and coarse grained 

ankerite-calcite (Plate 3.9e). Fine grained acicular arsenopyrite sheridanite aggregates 

occur along the contact between carbonate and quartz layers. Acicular arsenopyrite and 

euhedral sheafs of sheridanite may also occur disseminated in carbonate. Muscovite is 

intery-own with sheridanite along later crosscutting cleavage domains. Iron rich 

sphalerite. sr ibnite. boulangerite. and scheelite form important accessory minerals within 

the quartz veins. 



3.6.4 Campbetl Shear System 

On surface the Campbell Shear System subparallels and lies 2500 metres SE of 

the Con Shear System and subcrops in Yellowknife Bay. Since discovered in 1945 the 

Campbell Shear has produced in excess of 5 million ounces of pold. The shear strikes 

N05E and dips 50 to the West steepenins to 65-75 West below a flexure in the shear at 

the 5100 level of the mine. To the north the shear zone is truncated by the West Bay 

Fault at Negus Point. It has been traced by diamond drilling south for more than 10 

kilometres to Kam Point and to depths of 1Oûû metres below surface. The productive 

portion of the Campbell shear lies within a block bounded by the Pud. Negus. and West 

Bay Fauks and Iies approximately 2500 metres to the footwall of the Con Shear. Ore has 

been produced from four main zones (Negus. 10 1 .  102. and 103: Figure 3.8) over a 

strike length of approximately 2 5 0  metres and to a depth of 1800 metres. Both free- 

milling and refractory ores occur within discrete zones within the Campbell Shear (Fisure 

3.9). This portion of the Campbell Shear is a complex of anastomosing. ramifyins 

chlorite-carbonate. chlorite-white mica-carbonate schists bordering unsheared horses of 

host rock. The system has an aggregate thickness up to 200 metres. Gold ore is not 

evenly distributed over this strike length and is restricted to structurally controlled. 

deformed quartz veins and alteration selvages. 

3.6.4.1 Negus Zone 

The Negus Zone of the Campbell Shear lies between latitudes 18000-19000 and 

3 lenses (40. 60 and 90) were exploited for a dip extent of approximately 300 metres. 

Stoping was conducted primarily north of the Negus Fault with the exception of one stope 



Figure 3.8 Venical longsection of the productive portion of the Campbell Shear with 

bounding Proterozoic faults, mined out stopes. and active mining blocks. Levels are 200 

vertical feet apart. 
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located south of the fault on the Negus 13 level. The Campbell Shear in this area is 

comprised of two shear zones separated by a large unsheared to weakly defomed 

volcanic horse creating an aggregate shear thickness of between 100 to 200 metres. The 

shear strikes NNE and the hangingwall dips westerly at between 45-50. Ore shoots trend 

parallel to the hangingwall contact and have little or  no discernable plunge (Boyle. 196 1 ). 

Han_eingwall contacts are sharp whilr footwall contacts are more gradational in nature. 

Individual shoots have strike lengths of 25 to 75 metres. are comprised of carbonate-mica 

schist ribboned with quartz (20-80 % modal percent) and rnay be veined by later mottled 

orey quartz veins (Coulson. 1950). Chlorite-carbonate-mica schists are the prirnary host - 
for mineralization. A quartz-feldspar porphyry dykehill hosts gold mineralization on the 

Negus 1 1 level at latitude 19 150 (Coulson. 1950). 

Moderately to strongly laminated ankerite-paragonitic muscovite-quanz-ripidolite- 

albite-py rite-arsenopyrite schists form intensely carbonated alteration selvages to veins on 

the Negus 20 and 21 levels. Fine grained to cryptocrystalline ankerite and quartz (+/- 

albite) intergrown with 1 to 2% disseminated 0.5 to 1 mm subhedral pyrite with pressure 

shadows are transected by thin ( 1  to 2 mm) paragonitic muscovite ripidolite foliation 

planes ( Negus-ZOL). W ith an increase in paragonitic muscovite and arsenopyrite content 

foliation planes become wider (2-3 mm) and carbonate grain size decreases dramatically 

. Acicular prismatic arsenopyrite (1-2 mm) rnay demonstrate pressure shadow 

development or appear abraded along grain boundaries (Negus-2 1). Ribboned quartz 

veins within the schist host pyrite. arsenopyrite. sulphosalts. sphalerite. galena and 

stibnite. Foliation parallel grey rnottled quartz veins that locally crosscut the foliation 

tend to have a greater abundance of visible goid than the schist material (Coulson. 1950). 



3.6.4.2 102 Zone 

The 102 Zone lies between latitude 20000 to 18900. has been exploited from the 

2300 to 3300 level and has a strike length of 250 metres with a steep southerly plunge. 

The zone occurs in the immediate footwall of the Campbell Shear hangingwall to a large 

horse (30-40 metres wide) chat parallels the zone in strike and dip over the rnined extent 

of the 102 zone. Developed within the 102 Zone are two main en echelon lenses lying 

approximately 30 metres apart from each other. On the upper levels the southern extent 

of the 102 Zone is defined by narrow shears anastomosing around a series of horses. with 

depth to the 3300 level the zone fades into a series of wispy shears that denote a poorly 

defined footwall to the Campbell Shear. In section the ore lenses within the 102 zone 

parallel the dip of the shear (Figure 3.10. 3.1 1). have a strike length on the order of 250 

metres. range up to 10 metres wide. and strike 0 10". 

The horse hangingwall to the 102 zone on 3100 Level is intensely bleached and 

altered up to 30 metres frorn the ore zone. Peripheral alteration within the horse. 30 

metres from the ore zone. is manifested by pervasive calcite and chlorite alteration 

creating a buff greenish grey colouration associated with pervasive apatite alteration. 

Amphibole is psuedomorphed by finer grained calc ite and chlorite alteration and the 

groundmass consists of carbonate. chlorite and minor albite-andesine. Thin 1-2 

mil1 imetre wide pinc h and swell paragonitic-muscovite quaru foliation bands crosscut the 

alteration (3191-18). Within 20 rnetres of the ore lenses metamorphic textures are 

obliterated by a pervasive but very weakly foliated chlorite carbonate epidote alteration 

associated with the growth of randomly oriented. blocky to equant. euhedral. medium 

grained (0.45 to 0.5 millimetre) sheafs of paragonitic-muscovite (Plate 3.10a). The 
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paragonitic-muscovite sheafs are commonly associated with clear untwimed albite- 

andesine intergrowths (3  19 1 - 17). Carbonate and mica alteration increase with foliation 

intensity as grain size decreases dramatically with closer proximity to the ore zone ( 3  19 1- 

16. Plate 3. lob). Very fine grained paragonitic-muscovite (0.05 to 0.07 mm) is 

intergrown with chlorite. ankerite. calcite and trace albite creating a stron_ply foliated 

carbonate flooded bleached greenish grey alteration zone. Relict sheafs of paragonitic- 

muscovite are replaced by fine intergrown do ts  of more sodic paragonit ic-muscovite 

( 3  1 9 1 - 16). In the irnmediate haneingwall wispy ankerite veinlets crosscut spaced (2- 

3mm) strongly foliated. laminated. and friable chlorite carbonate-paragonitic muscovite- 

quartz schist with trace pyrite (3 191- 15. Plate 3 .  IOc). 

Immediately peripheral to ore lenses buff grey. interlocking. herring-bone 

textured. coarse grained ankerite and quartz flooded domains with intergrowths of 

medium grained. euhedral pyrite are transected by paragonitic-muscovite-chlorite foliation 

planes that deform and wrap around the quartz carbonate alteration (3 136C. Plate 3.10d). 

Atoll texmred pyrite grains within finer grained cataclasised domains have cores replaced 

by shrafs of mica and fine to medium interlocking carbonate creating a skeletal 

appearance (3 l36b. 3 1 MD. Plate 3.10e.f). Intensely ankerite fiooded domains are 

transected by a 1-2 millimetres spaced anastornosing foliation (Plate 3.12a) defined by 

paragonit ic rnuscov ite and euhedral fine-grained prismatic arsenopyrite. subhedral pyrite. 

rninor rutile and apatite. Typically pyrite grains have inclusion riddled cores with 

carbonate. quartz. and mica inclusions. These cores are also enriched in arsenic. 

Rounded. annealed quartz balls are wrapped into the foliation (Plate 3.11a.b.e) and where 

elongate and less deformed host low Fe-sphalerite and locally sulphosalt minerals (Plate 



Plate 3.10 101 Zone alteration and minenlisation. ( A )  Sample 3 19 1-1 7. Sheafs of 

paraonitic muscovite in hangingwall altention. W. Field of view 2.5mm. ( B )  Sample 

3 19 1 - 16. Carbonate flooding in closer proximity to ore lens associated with decreased 

paragonitic muscovite grain size and development of penetrative fabric. XN. Field of view 

1 -7jmrn. (C) Sample 3 19 1 - 15. Lmmediate hanginpal1 alteration. Carbonate-quartz 

flooding bordered by laminatrd white mica-chlonte carbonate schist. ,W. Field of view 

1.25mm. ( D) Sample 3 l36D. Anastomosing white mica-chiorite foliation with euhedral 

menopyrite tnnsecting polygonalised and brecciated quartz carbonate vcin material. m. 

Field of view 7.5rnm. ( E )  Sample 3 l36D. Atoll textured pyrite. Cores are replaced by 

white micas and chlorite. _grains are rotatcd into. and pulled apan dong whitr mica- chlonte 

dsfined foliation. PPL. Field of view 2.Srnm. (F) as (E). XN. 





Plate 3.11 102 Zone ore textures. ( A )  3 136E. Lithons of relict quartz vein matenal in 

polygonalised matrix of carbonate. white mica and carbonate. Smallest lithon demonstrate 

matest degee of sub-main boundary development. XN. Field of view h m .  (B)  as (A). z 

PPL. Field of view h m .  (C) 3 136F. Polygonalised lithon of quartz vein marerial 

cnveloped bby fine _mincd quartz and white mica schist. Opaque is Fe-sphaleritr. XN. 

Field of view h m .  (D) as ( C ) .  PPL. Fe-sphalerite prescrved in lithon of quartz vein 

material. ( E) 3 136F. .4nastomosing white mica-chlorite-sulphide foliation planes 

enveloping weakly defomrd lithons of vein matenal and hosting sphalerite and sulphosalts. 

PPL. Field of vîew 5mm. (F) 3 M E .  Frer goid (au)  associated with sphalerite (sph) in 

rzlict quartz vein material. Reflected light. Field of view 1 -25m.m. 
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3.1 1c.d). The diameter of the quartz balls varies with the degree of deformation from 

0.5-0.75 mm to 4-5mm (2750402. 3136A. 31368; Plate 3.12 b.c.d). Grey mottled 

quartz vein material is brecciated and re-amealed by anastomosing domains of fine 

erained carbonate. paragonitic-muscovite and arsenopyrite. Relict lithons of vein material 
b 

are comprised of ameaied to strongly strained quartz intergrown with euhedral. amber 

low Fe-sphalerite. arsenopyrite. stibnite. boulangerite. tetrahedrite and gold. Gold occurs 

as free grains associared with relict vein material hosted in a gangue of quartz. sphalerite 

and sulphosalts (Plate 3.110. Grains are reiatively silver rich (fineness of 770) and 

enriched in mercury jup to 1.5 wt % Hg: 3 136E). The refractory or invisible gold within 

102 Zone ores occurs within arsenopyrite (maximum values of 1900 ppm) and arsenian 

pyrite (up to 410 pp Au). Pyrrhotite was not encountered within the 102 Zone. 

3.6.4.3 103 Zone 

The 103 Zone. lying between latitude 2 1700 to 22700 and the 2300 to 3 100 levels. 

comprises the largest northern most stoping block within the Campbell Shear. In 

longsecrion the 103 Zone f o m s  a flat topped and bottorned stoping block with a vertical 

to steep southerly plunge. The lower extension of the 103 Zone lies in the footwall of 

the Campbell Shear. hangingwall to a large horse on the 2900 Level. The zone thic kens 

upward toward 7300 Level and in the thickest portions between 2750 and 7600 levels the 

103 Zone is comprised of a series of en echelon veidshear systems persistent from 

hangingwall through to the footwall of the Campbell Shear. The nonhern portion of the 

zone pinches and fades into interfingering. anastomosing shears and horses. The 103 

zone and the Campbell Shear footwall to the 103 Zone are truncated by the West Bay 



Fault between the 2750 and 3300 levels. 

Ore zones are typified by strongly foliated and iarninated carbonate-mica-chlorite- 

pyrite-arsenopyrite schists with mottled grey to white quartz veins. A wide spectmrn of 

colour variation exists ranging from brown throush apple green to buff grey and is 

manifested by a fine intergrowth of carbonate. mica and sulphide minerais and subtle 

variation in mica mineral chemistry. Ore lenses may be comprised of several parallel 

carbonate flooded sulphide rich laminated schists separated by 3-4 metres of chlorite-mica 

carbonate al terat ion SC hist . Hang ingwall alterar ion is comprised of dark green chlorite 

calcite altered volcanic rocks. with incipient weakly paragonitic muscovite alteration as 

hatched intergrowths within chlorite rich foliation bands. Footwall alteration is comprised 

of anastomosing zones of 2-3 millimetre wide alternating bands of fine grained calcite- 

dolomite and chlorite-paragonitic muscovite with minor tourmaline and 3-4 '% subrounded 

a ~ e a î e d  quartz agregates that appear rotated within the foliation. Pyrite is the dominant 

sulphide mineral with arsenic-rich cores (592-79-26222). 

Ore lenses are comprised of strongly carbonate flooded zones that have been 

brecciated and sheared (Plate 3.12e.f). An anastomosing cleavage comprised of 

paragonitic muscovite. chlorite. fine-grained crypotocrystalline ankerite and euhedral 

arsenopyrite transect dornains of coarse grained. dnisy. brownish. euhedral herring-bone 

texrured carbonate quartz alteration. Quartz within relict domains is ragged with subgrain 

boundaries and extreme undulose extinction whereas recrystallised fine-grained quartz 

within foliation bands are clear and unstrained. Arsenopyrite and pyrite are restricted to 

later cleavage planes while moderately deformed carbonate quartz domains host low Fe- 

sphalerite intergrown with carbonate and local tetrahedrite. gold. and tourmaline (J92-82- 



Plate 3.12 1 02 and 1 03 zone ore textures. (A)  3 1 36C. Grain size reduction of ankentè rich 

portion of vein material toward planar white mica-chlorite domain (upper lefi portion of 

plate). XN. Field of virw 5mm. (B)  77jOLevel-IO2 Zone. Fnctured and moderately 

polygonalised lithon of quanz vrin matrnal enclosed in fine grained anastornosing white 

mica-carbonate-chlorite schist. XN. Field of view 5mm. (C) 2750Level- 102 Zone. 

Polvaonalised - k quartz vein fragment. nt. Field of view 5mrn. ( D) 2750Level- 102 Zone. as 

(C). PPL. Field of view 5mm. (E )  J92-82. 103 Zone. Anastomosing white mica-carbonate 

foliation p 

103 Zone. 

alteration. 

ianrs rnveloping annraled quartz domains. .W. Field of view 5mm. (F )  592-84. 

Anastomosing white mica-carbonate foliation within polygonalised carbonate 

X'N. Field of view 2.5mm. 
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26222. 2767 1-292 18R). Scheelite. apatite. monazite. galena. occur as isolated trace 

minerais. 

Tetrahedrite. chalcopyrite and sphalerite commonly occur as inclusions within 

poikiolitic cores of pyrite erains. Tetrahedrite within weakly deformed carbonate-quartz 

grains occurs as both a silver rich phase and an arsenic-antimony rich phase. Galena 

occurs as rare isolated inclusions within pyrite. Pyrrhotite was not identified within 103 

Zone ores. Arsenopyrite grains demonstrate excellent zoning with low As cores and high 

As rims and f o m  the significant host for invisible refractory gold (Chyrssoulis. 1990). 

Gold has been obsenied as isolated inclusions within an arsenopyrite host within 

carbonated shears. wirhin milky white quartz veins as inclusions within pyrite (192-85. 

fineness of 830). associated with low Fe-sphalerite in coarse grained carbonate-quartz 

veins (1767 1. 792 18R. fineness of 9 18). and as liberated grains within flotation tails 

(B8027. -92 19 stope. fineness of 927 to 919). 

3.6.3.4 101 Zone 

The 101 Zone forms the bulk of material mined from the Campbell Shear and 

hosts free-mil1 ing native gold ore. The 1 O 1 zone comprises a domain from latitude 20500 

to 15500 and from 3100 level to the 6100 Level of the mine. The uppermost extent of 

free-milling 101 Zone ore abuts the hangingwall of the Campbell Shear at the 3 100 Level 

of the mine within an area where the Campbell Shear is near its widest point and 

refractory ores lie in the footwali of the shear (Figure 3.13). In gross detail the 

hangingwall of the Campbell Shear is well defined with a 45 dip on the upper levels 

steepening to 75 below a flexure in the shear at the 5 100 Level. At depth the southem 



Figure 3.12 Plan view of the 2900. 3100. and 3300 leveis of the Campbell Shear 

outlining the location of free-milling 101 Zone ore and refractory 102 and 103 

Zone ore bodies. Both the 102 and 103 zones gradually feather out along the 

footwall of the shear below 3300 level. 
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portion of the shear is thickest with a NNE trend. northward the shear thins and strikes 

more northerly . Mineralised domains within the free-milling portion of the mine are not 

continuous but form a series of en echeIon stoping trends with variable strike and dip 

extents rangins up to 300 metres. Plan maps of various levels outline the pross 

macroscopic seology of the shear zone and distribution of quanz lodes within the shear 

(Figure C 3.13). Mineralization is primarily hosted within well defined quartz carbonate 

veins that have steeper dips than the enclosing schist. In gross detail individual stoping 

blocks tend to trend from rhe hangingwall to footwall of the shear. Quartz veins are 

boundinaged. folded and sheared disrupting original orientations. Attention will be placed 

on the uppermost free-milling ores and ore material from the northern and southern 

portions of the Campbell Shear at depth. The structure and geometry of the shear and 

its relationship to quanz vein distribution and relative timing between various vein sets 

have been addressed by other workers (Allison and Kerrich 1977: Webb 1992: Duke and 

Nauman. 1990: McDonald et al. 1993). 

Macroscopically stoping trends (Le. 60M. 68M trends) follow correlatable but 

discontinuous veins sets over vertical distances of up to several hundred metres. 

Individual stopin9 trends are characterised from each other by variations in quartz vein 

colour. thickness. abundance and degree of deformation combined with overall 

distribution within the mine. Each stoping trend is not discussed in detail given the size 

of the ore body as a whole. the complexity of the vein systems and the idiosyncrasy 

apparent within each stope on a day to day basis. 



Figure 3.13 Plan view of the 3100, 4500, and 5300 levels of the Campbell Shear 

outlining the general geology of die host rocks. morphology of the shear system 

with depth, and location of significanr sioping trends discussed within the text. 















Shallow free-rnillr'ng ores 

Shallow free-rnilling ores were examined on the 3 100 and 3300 Levels and occur 

in a region where the lower extent of the 102 Zone ores occurs in the footwall of the 

shear. The uppermost extent of 10 1 Zone free-milling ore abuts the han~ingwall of the 

Campbell Shear above the 3100 Level and occurs approximately 10 metres frorn the 

hansingwall of the shear. The lem has a strike length of approximately 70 metres and 

an overall width of approximately 20 metres. Exposure is restricted to a 20 metre long 

section of drift around chutes as open stopes crossing the level lirnit access. Milky white. 

sacchrodial amealed quartz veins with abundant visible gold occur within laminated 

chlorite-pyrite-ankerite-calcite-muscovite schist. Alteration adjacent to veins rnay be 

comprised of thin (6- 10 centimetre) laminated to anastomosing muscovite-chlorite-pyrite 

schists bordered by chlorite rich schists (3100A. 3100D). Black to dark brown 

tourmaline-ankerite flooded zones are transected by muscovite-pyrite-arsenopyrite foliation 

planes and later narrow ( 1-4 mm) sharp walled quartz veinlets hosting gold and low Fe. 

moderately cadmium enriched sphalerite (3 100C). Gold grains hosted within amealed 

quartz veins are associated with tourmaline carbonate chlorite septa with minor pyrite and 

galena and have uniform fineness (804 to 852: 3 100D). Gold grains within crosscutting 

sharp walled veinlets occur isolated in quartz gangue with a fineness range of 85 1 to 893 

( 3  IOOC). 

The 101 Zone on 3300 Level has an aggregate strike length of approximately 430 

metres and lies 30 metres from the hangingwall contact of the Campbell Shear. Mining 

is not continuous along this strike length and is separated into northern and southern 

domains by a large diabase dyke. The northem portion (33207 stope) has a strike length 
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of 50 metres while the southem portion (33 17 stope) has a strike length of 330 metres. 

Ore lenses are comprised of rnilky white quanz veins hosted within strongly foliated 

chlorite-muscovite-ankerite-calcite-pyrite-arsenopyrite schists with pressure shadow 

development adjacent to sulphide grains (33307A: Plate 3.13a. b). Quartz vein selvages 

are variably deformed with laminated muscovite-chlorite schists enveloping lozenges of 

medium grained quartz aggregates with strong undulose extinction and polyeonalised grain 

boundaries. Euhedral pyrite and arsenopyrite are restricted to the transecting cleavage 

domains (3300D. 3300B). Quartz vein material demonstrates Iittle colour variation but 

microscopic textures have considerable variability within individual veins. Textures Vary 

from medium to coarse grained ankerite and quartz with strong undulose extinction and 

pressure solution de format ion along grain boundaries (3300D. 3300E. 332078) to 

extremely fine grained. amealed. polygonal quanz with interstitial ankerite. muscovite. 

and chlorite (33207C. 3300DPlate 3.13 d.0. Accessory sarigue minerals consist of 

scheelite. tourmaline. and apatite. 

Sulphide and sulphosalt mineralogy is variable and complex. Sulphide and 

sulphosalt minerals are commonly associated with carbonate septa or appear to be seeded 

on carbonate domains interstitial to quartz grains. Pyrite grains commonly have 

poikiolitic cores which rnay have minor As enrichments. inclusions of gold (33008) and 

sphalerite (3300C). Arsenopyrite ga ins  are cornmonly euhedral. acicular with low As 

cores and high As rims. are associated with pyrite. tetrahedrite. sphalerite. and may host 

inclusions of gold (3300D). Lollingite was noted as 2 to 4 micron wide rims on 

arsenopyrite in one sample (33207B). Sphalerite occurs as low Fe-sphalerite containing 

up to 1 weight percent cadmium associated with coarse ankerite in relatively undeformed 



Plate 3.13 10 1 Zone free-milling ore textures. ( A )  33707a. 33207 Stope. Pressure shadow 

dsveloprnent adjacent to arsrnopyrite in white mica-quartz-chlonte schist srlvaging 

auriferous quartz veins. XN. Field of virw X m m .  (B) as (4). (C) 33207C. Native çold 

associatcd with weakly brecciated pyrite (py). Reflected light. Field of view 1 -2jmrn. ( D )  

As (C). polygonalised quartz vrin hosting py and native p l d .  PPL. Field of view 1 -75mm. 

( E l 330OD. Pyntr and arssnop-yite occupying anastomosin9 foliation planes in annealed 

quartz vein. Kative gold occurs as inclusions in pyrite in lower central ponion of vein. 

Reflected light. Field of view 2.5mm. (F)  3300D Narrow white mica foliation plane in 

polygonalised recrystallised quartz vein. XN. Field of view 1.75rnm. 
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quanz veins (33008.3300C. 33207B): iron e ~ i c h e d  sphalerite occurs as inclusions within 

pyrite and adjacent to pyrite gains  (3300C). Sulphosalt mineral assemblages are complex 

and may comprise up to 2-3% of metallic minerais. Bournonite rims silver enriched 

tetrahedrite (3300B). and variable Ag-As substitution occurs within tetrahedrite with As 

enriched tetrahedrite associated with gold and palena within polygonalised quanz veins 

(33207A.C). Galena forms an important accessory sulphide and locally rims sphalerite 

(33107C3. Rare occurrences of pyrrhotite were noted as minute 5 micron blebs isolated 

within pyrite associated with arsenopyrite (3300C). 

Gold occurs as inclusions within pyrite and arsenopyrite. as solid solution within 

arsenopyrite. hosted in quanz or carbonate gangue and as variable gold-silver solid 

solution (Plate 3.13 c.e). Arsenopyrite from the southern domain may host up to 300 

ppm of gold as solid solution gold within the arsenopyrite structure. arsenian pyrite is rare 

and does not host significant invisible gold. Mineralogically gold from the upper free- 

millins ores ranges in composition from electrum to aurian silver. Isolated gold biebs 

within pyrite and arsenopyrite are mineralogically homogenous as are grains of gold in 

contact with quartz and carbonate eangue. Gold gains isolated in carbonate are 

associated with the more iron-rich ankerite within zoned ankerite grains. Lar_ee 50 to 60 

micron eold grains in contact with tetrahedrite. pyrite and arsenopyrite within 

poly gonalised quartz veins demonstrate complex Au-Ag zonation. Homogenous. porous 

low Ag cores are rimmed by and contain diffuse patches of aurian silver (33207C. 

332078. 3300B). Contacts between gold and aurian silver rims are sharp and the 

thickness of the rims ranges from 2 to 5 microns. Diffuse 10-15 micron wide silver 

enriched patches may occur as subtle zones that are in mm rirnmed by zones of increased 
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silver content. Discrete. 2-3 micron wide slivers of aurian silver with sharp contacts 

occur along gold grain boundaries where gold is in contact with pyrite _grains (3300B. 

33207C) and associated with muscovite and chlorite. Aurian silver occurs within both 

strong 1 y po l ygonalised quartz veins (332O7B. 33207C) and coarse grained weakl y 

deformed veins (33ûûB). 

Deep frre-nrilling ores 

Deep free-millins ores are comprised of numerous quartz carbonate vein systems 

chat define individual stoping trends. The area of the shear lies below the 3300 Level 

from latitude 15500 to 20500 to the 5900 Level of the mine. The central portion of the 

mine has been mined out and stopes were visited with production geologists in the upper 

and lower southern portion and the deep northern portion of the mine. 

The degree of carbonate alteration. associated bleaching and white mica alteration 

is less well developed within the deep Campbell Shear and veins are hosted within 

chlorite-calcite-ankerite schists with localised development of strongly laminated white 

mica schist (53304 stope. 5760M stope). Vein-schist contacts are sharp and in many 

instances no visible change may be recognised in alteration mineralogy within the schist 

ar vein-schist contacts (43722: Plate 3.14a). Quartz vein colour is variable from stoping 

trend to stoping trend. along the strike of veins. and across the width of veins (Plate 3.14 

a.b.c). Pink to rose quartz veins are cornmon in the upper south end of the mine (4163L. 

4558R: Plate 3.14 e.0. miiky white to grey veins dominate in the central and deep 

southern portion of the mine (60M. 68M. 5393M. 55571. 5557M). dark grey to black 

quartz veins are common in the deep noith (53204. 47922. 49972. 4799M). 
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Basalts 10 to 15 metres h m  the hangingwall of the shear on 4500 level are 

pervasively chloritiseed and calcite altered with minor fine grained groundmass albite and 

numerous subparallel calcite quartz filled sheeted joints (Plate 3.14d). Larninated chlorite 

calcite schists hangingwall to veins locally preserve 7-3 millimetre lathes of idioblastic 

hydrotherrnal. twinned. euhedral albite as isolated grains that rnay be rotated into the 

foliation (Plate 3.15a. b; 4768Mc. 5360Ma) with minor pressure shadow development or 

as clusters to semi-massive albite chlorite intergrowths (4792Zi: Plate 3.15c.d). Albite 

porphyroblasts locally constitute 10 to 15 modal percent of the rock and are variably 

altered to calcite. chlorite and muscovite and appear to lie across and be rolled into the 

foliation planes defined by optically afigned chlorite with minor muscovite pyrite and 

chalcopyrite. Footwall laminated chlorite calcite schists also rnay contain preserved 0.5 

to 0.25 millimetre laths of albite (5760Me) texnirally similar to albite developed within 

haqingwall schists. 

Visible alteration selvages to quartz veins are lacking in hangingwall stopes in the 

central portion of the mine (43712. 49972. 4799M. 47942: Plate 3.lla.b.c) where 

weakly to moderately foliated chlorite schist envelops smoky grey quartz veins up to 7 

metres wide. As these veins narrow or are deformed and rolled. they tend toward iishter 

smoky to rnilky white in colour (47922. 4799M: Plate 3.14b.c). This hansingwall system 

of veins within the lower central portion of the mine share similar characteristics in vein 

colour and selvage mineralogy. Quartz veins Vary from dark grey to milky white and 

colour variation appears independent of grain size. Quartz grain size varies from 0.50 

to 0.75 mm polygonal unstrained aggregates (47922a. 4792231) to domains of coarse 

erained strained dusty quartz with sweeping undulose extinction (47922a. 4792Zh. 
L 



Plate 3.14 10 1 Zone quartz veins. (A)  Hangingwall contact of 43722 shnnkage stope. 

Dark grey to black auriferous quartz vein in sharp contact with chlorite-albite-calcite 

hangin~wall alteration with boudinaçed quartz stringers. Measunng stick is 30 cm. (B)  

43 722 shrinkagr stopr. White quartz vein at sdgr of economic ore grade cut off contrasts 

to auriferous black quartz. Breast face looking south. HI stick is 45 cm. (C) 4799M sub. 

Hangin_mall mottled white/grey quartz vein separated fiom black quartz (lower left portion 

of photo) vein material by chlorite-albite-calcite schist. Paint line approximatrly 4 cm wide. 

( D )  4500 Lsvsl Campbell Shear. Sheeted calcite veinlets as a portion of sheeted joint 

system. J. Hrimbach for scalr. ( E )  1163L cut and fil1 stope. Looking nonh. Pink. 

larninatsd quartz carbonate vrin dong back and on breast face. (F) Jl63L. close up of 

breast face looking north. Boudinaged pink quartz carbonate vein with toumaline/chlorite 

septa. Hammer for scalr. 





Plate 3.15 Plagioclase alteration associatrd with Free-milling ores. ( A )  47682 Stope. 

Rotated albite in chlorite-calcite alteration selvaging auriferous quartz veins. ,W. Field of 

view 1.25mm. (B) 37682 Stope. Albite grains with incipient white mica-calcite alteration. 

Y .  Field of view 1.ljrnrn. (C) 47922 shrinkage stope. Cluster of albite with white mica. 

carbonate altention in hangin-wall of productive quartz vein system. Xhr. Field of view 

1 25mm. ( D) 47972 shrinkage stope. Albitr prcserved dong rnargin of calcite veinlet in 

immediate hangingvall of auriferous vein. (E)  5557M undercut. Hydrothermal albite with 

incipient muscovite alteration internal to productive quartz carbonate vein. Xh:. Field of 

\.iew 5mm. (F )  5557M undercut. Hydrothermal albite internal to quartz carbonate vein. 

XN. Field of view 5mm. 
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17922. 4997Za. 47942). Styolitic grain boundaries are comrnon within coarser grained 

portions of the veins. Ankerite occurs as fine grained interstitial _grains or as isolated 

medium to coarse grains. Sulphide mineralogy is dominated by pyrite. Pyrrhotite. 

sphalerite. chalcopyrite. and galena Vary in modal abundances and importance. Sulphides 

occur as coarse euhedral aggregates at quartz grain boundaries or interstitial with 

carbonate. chlorite. tourmaline. and apatite. Pyrrhotite and chalcopyrite are intimately 

associated. the pyrrhotite as fractured masses up to several millimetres in diameter. 

Sphalerite varies in colour from pale reddish brown to clear beer bottle brown colour with 

enriched cadmium (greater than 3 wt 96. 47922.47922h) near contacts with chalcopyrite 

and pyrrhotite. Cobaltite occurs as isolated grains with high Co rims associated with 

pyrite. chalcopy rite. pyrrhotite. and apatite (47942). Bismuth tellurides were also noted 

in contact with iron-cadmium rich sphalerite as 10- 15 micron grains in quartz gangue 

( U Z Z ) .  

Chloritr schist envelopes boudinaged quartz veins in the south central portion of 

the mine (43722.1163L. 5 l66L. 5361A. 5368M. 3975M; Plate 3.14e.f) with M e  visible 

alteration adjacent to veins within the upper portions of the 60M trend (5360M) and the 

southern portion of the mine. Quartz vein widths Vary dramaticaily from Iess than 30 

centimetres to greater than 2 metres. Upper southern stopes are noted for pinkish quartz 

veins (5 173R. 4 l63L. 4558R. R.L. Hauser pers comm. 1992) while most other veins in 

this region are characterised by a milky white to mottled grey colour. Quartz veins are 

massive w ith chlorite-tourmaline-sulphide septa and 1 to 2 7c sulphide. laminated. or have 

preserved crack seal textures (4163L). Massive quartz veins with sharp unsheared 

contacts (5368M) have coarse clots of chalcopyrite and gold. medium grained unfoiiated 



chlor iie and muscovite. minor pyrrhotite and pyrite. Coarse to medium grained euhedral 

pyrite occurs intergrown with medium to coarse grained quartz with strong undulose 

extinction and subgrain boundaries and ankerite (5 168Ma). Quartz grain size reduction 

and polygonalisation is associated with anastomosing muscovite-chloritepyrite foliation 

planes transecting the quartz carbonate vein. Carbonate occurs as fine interstitial grains 

or coarse grains within coarser portions of the vein (5360M. 5 168M. 3975M). Sulphide 

mineralog consists prirnarily of pyrite with lesser pyrrhot ite. galena. sphalerite and trace 

arsenopyrite and arsenian pyrite (arsenian pyrite restricted to 5 173R. 536OM). Loellingite 

was noted in one sample as 1-2 micron rims on fine grained arsenopyrite (5360M). 

Gersdorfite occurs as isolated grains associated with galena. chalcopyrite. and pyrite 

grains isolated in quartz carbonate gangue adjacent to crosscutting cleavage planes 

(5168Ma). Bismuth-gold and Au-Ag tellurides occur as 1-2 micron isolated inclusions 

within arsenian pyrite domains (5360M stope). 

In the south end of the mine (latitude 15500) vein sets occur (5557R. 5557M) 

irnrnediately footwall to 10 to 20 metre wide horse. within 30 metres of the hangingwall 

contact of the shear. Mineralization consists of a 3 to 5 rnetre wide zone of laminated 

grey to white quanz veining with abundant visible gold. sphalerite. galena and pyrite. - 
Arsenopyrite. chalcopyrite and pyrite are abundant within enveloping chlorite-muscovite 

schists. Vein walls are lined by pyrite. arsenopyrite and coarse grained. subhedral. 

inierlocking albite. ankerite. and quartz. Albite grains have relict twiming and are 

variabiy altered to fine grained carbonate and muscovite (Plate 3.15 e.0. Styolitic septa 

of chlorite-tourmaline and carbonate host sulphide (pyrite. sphalerite, galena. pyrrhotite) 

tetrahedrite. and gold intemal to the vein. 
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Laminated muscovite-quartz-ankerite-calcite-chlorite schists with pyrite. 

arsenopyrite. eold. accessory apatite. tourmaline and boudinaged quartz vein material 

preserving sphalerite. chalcopyrite. gold. and pyrrhotite selvage quanz veins in several 

locations (53204.5760M. 5960XCW. 4558R. 3565M. 5 168R. 4368M). The 53204 stope 

is charac terixd by a wide pale grey laminated muscovite-quartz-ankerite schist that 

envelops grey to jet black quanz veins. Ankerite occurs interstitially with the muscovite. 

tourmaline and chlorite and as discrete thin 1-2 mm bands. Black quanz veins are 

characterised by extremely fine grained. cataclastic textured. polygonal dusty quartz with 

interstitial ankerite. pyrrhotite. Fe-sphalerite. and gold. Larninated muscovite-quartz 

schists with variable carbonate and sulphide content f o m  selvages to quartz veins 

(5 168Mf.5768.5760Md). planar shear bands (3565M) and septa to sheared and laminated 

quartz veins (4558R. 4368M). Quartz is fine grained polygonal and is bisected by 

narrow 5- 10 mm optically aligned muscovite and chlorite and by wispy interstitiai 

c o ~ e c t e d  mica planes. Sulphides are commonly associated with the muscovite foliation 

planes or locally within quartz lozenees. Medium grained weakly deformed ankerite- 

quartz-chlorite alteration is locally transected by 3-5 mm wide penetrative foliation planes 

(5760Md). 

Gold within the deep frre-milling ores may occur in a variety of habits: i )  free 

oold in quartz andlor carbonate gangue. ii) associated with chlorite-tourmaline septa. iii) 
C 

as coatings on pyrite grains. iv) as isolated inclusions within pyrite grains. v) as inclusions 

associated with high As domains in pyrite. vi) along white mica slip planes "paint gold" 

and vii) as coarse clots intergrown with chlorite on vein margins. Gold fineness within 

deep free milling ores demonstrates little variation with only two exceptions noted to date. 



Free gold associated w ith Fe-sphalerite ( with fine globules of pyrrhorite) rich brecciated 

quartz vein with disseminated galena. Fe-chlorite and tetrahedrite have a fineness of 600. 

A sinzle grain of gold associated with medium grained pyrite and muscovite from the 

5 168M stope has a 1-2 micron iip of aurian silver in contact with muscovite. Elsewhere 

grains of gold have a homogenous chemistry on the scale of a single thin section. 



CHAPTER 4 

GEOCHE-MiSTRY 

4. I BuIk Rock Geochemistry 

4.1.1 Introduction 

Bulk rock geochemistry was determined on a series of samples representative of 

fresh host volcanic rocks. dy kes and sheared domains enveloping productive Iode gold 

systems. Sample traverses were carried out across visibly unaitered host rocks into shears 

for the Pud Stock on the 1550 level. and on both the 3100 and 5900 levels for the 

Campbell Shear. AI1 analysed volcanic rocks are from the Yellowknife Bay Formation. 

Selected samples of the lamprophyric diatreme from the 3 100 level and correlated sheeted 

calc-alkaline dykes from the HW of the Con Shear were included in the sample batch. 

Major oxide and trace element compositions were determined at the University of 

Western Ontario XRF Laboratory operated by C. Wu using a Philips PW 1450 Automatic 

Sequential Spectrometer. 

3.1 .L Major Element Geochemistry 

The selected samples of host basalr. gabbroic dykes and lamprophyric 

diatremekheeted calc-alkaline dykes were screened for alkali mobility due to 

metasomatism. Samples that fa11 within the metasomatic field of Huges (1973) 

demonstrate petrographic evidence for development of penetrative fabric (27604) or 

biotite1K-feldspar alteration (27533. 27561) associated with potassium metasomatism 

(section 3 - 5 ) .  The Yellowknife Bay Formation and Karn Group volcanic rocks have been 

the focus of numerous previous geochemical studies (Baragar, 1966: Green and 
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Baadsgaard. 197 1 : Condie and Baragar. 1974: Goodwin. 1988: and Cunningham and 

Lambert. 1989) and no attempt was made to replicate those efforts here but rather to 

analyze "fresh" volcanic rocks to establish a control in mass balance calculations. Those 

samples that demonstrate limited mobility were used for discrimination plots. 

Representative analyses for individual rock types are sumrnarised on Table 4.1. When 

host basalts were plotted on an AFM diagram they demonstrate clear tholeiitic affinities 

with evident iron enrichment (Figure 4.1 ). On a total alkalis versus silica plot the 

volcanic rocks cluster entirely in the sub-alkaline field (Figure 4.2). A Jensen cation plot 

classifies host volcanic rocks and gabbro dykes as high iron tholeiites (Figure 4.3). 

On an AFM diagram diatrerne dykes and layered dykes from the mine workings 

are characterised by high M g 0  and bridge the tholeiiticlcaic-alkaline discrimination line 

( Fisure 1.4). These same dykes bridge alkaline and sub-alkaline fields as shown on a 

total alkalis versus silica plot (Figure 4.5). The Arsenic Pond Gabbro dyke plots as high- 

Mg tholeiites. diatreme and layered dykes demonstrate tholeiitic affinities and several 

samples plot as basaltic komatiites and a Jensen Cation plot (Figure 4.3b). Whole rock 

rare earth element profiles demonstrate clear variations between volcanic hosts and the 

various dykes. Volcanic flows and the Arsenic Pond Gabbro have flat REE distributions 

( Figure 4.6a). while layered calc-alkaline dykes and diatreme dy kes have elevated LREE 

and moderately depleted HREE and high total REE's (Figure 4.6b). Extended elemental 

profiles demonstrate similar relationships between dyke types. Layered calc-alkaline 

dy kes and diatreme dykes have distinct Th, U, La. Ce high with a distinct Nb low and 

over al1 greater abundances of the LREE relative to the Arsenic Pond Gabbro dyke. 



T a b l e  4 . 1  
Repreoentative Whole Rock Analy t3es  

for Dykes and Volcanic Flow8 

Sample  

S i 0 2  
T i 0 2  
A1203 
Fe203 
Fe0 
Ku0 
M g 0  
Ca0  
Na20 
R2O 
PZ05 
To ta1 

LOI 

Mg # 

C r  
N i  
Co 
S c  
v 
Cu 
Pb 
Z n  

AB 

K 
Rb 
Ce 
Ba 
Sr 
Ga 

Ta 
Nb 
Hf 
Zr 
Ti 
Y 
Th 
U 

La 
Ce 
Nd 
S m  
Eu 
T b  
Yb 
Lu 

D e n s i  t y  

R218-232 
LCA 

43 .12  
0  - 4 9  
9 - 7 7  
7  - 9 3  

O - 1 7  
1 4 - 2 7  
1 3  -36 
1.11 
2 .60  
O - 6 6  

93 .48  

5  - 7 5  

7 8 . 0 9  

3 5 1 

3 9 
11 

1 4 4  

5  .O0 

21583  
9 O 

7  0 2  
1 2  

2  . O  

1 1 6  
2938  

1 9  

2 .65  

CON- 1 5  
LCA 

44 - 5 2  
0 .45  

10 .47  
8  -75  

0  . l 6  
1 2  -95 
1 4  - 4 1  

0 .86  
0 .80  
0 .69  

94 .06  

4 -78  

74 .56  

3 2 1  

34 

3  1 
16 

112 

50 .O0 

6641  
2 2  

0.59 

1012 
1 3  

0.10 
2.0 
3  -39  
156 

2698 
2 1 

24.80 
3 .60  

174 .00  
417.00  
193.00  

31.90 
7 .44  
1 .54  
1 - 2 9  
O . l 6  

2 . 6 5  



Fe0 (total) 

Figure 4.1 AFM discrimination plot for mafic volcanic host rocks from Irvine and 
Baragar. 1 97 1. 

Figure 4.2 Total alkalis venus silica discrimination plot for host basalts from h i n e  and 
Baragar, 1 97 1 . 



Figure 4.3a Jensen cation plot for host basalts from Jensen, 1976. 

Feû (total) + Ti02 

Figure 43b Jensen cation plot for gabbro dykes. O layered calc-alkaline dykes; 
Arsenic Pond Gabbro (MG) dyke: O Diatreme dyke 3 100L; i #8 gabbro dyke 



Figure 4.4 AFM discrimination plot for pbbro dykes fiom h i n e  and Bara_-. 197 1 .  
O lavered calc-alkaline dykes: Arsenic Pond Gabbro ( M G )  dyke: CI Diamme dyke 
3 100~: . #8 gabbro dyke. 

35 40 45 50 55 60 65 70 75 80 85 

SI02 (wt %) 

Figure 4.5 Total alkaiis versus siiica discrimination plot for gabbro dykes fiom h i n e  
and Baragar. 197 1 .  O layered calc-alkaiine dvkes: Arsenic Pond Gabbro (APG) dyke: 
O Diatreme dyke 3 1 OOL: #8 gabbro dyke. 



Figure 4.6a. Chondrite normal ised REE spider diagram for 
gabbro dykes. The data are normalised to chondrite with 
nomalising factors fiom Taylor and McLennan, 1985. 





3.1 -3  Bulk Chemical Fluxes 

The net chemical chanses for major and trace elements between unaltered and 

deformed/altered samples were determined utilising the isocon technique of Grant ( 1986) 

as a solution to Gresens' ( 1967) equations for metasomatic alteration. Relative gains and 

Iosses in weight percent of major oxides are plotted relative to distance from the 

rnineralised vein as shown by Leitch et al.. ( 1991). Appendix C . 2  provides a table of 

volume factors and relative gains and losses for each traverse. Unless otherwise stated 

host rocks were assumed to be tholeiitic basalt. Least altered equivalents were chosen 

for each sample traverse on the basis of proximity to the ore zone. degree of alteration. 

and deformation. The bulk chemical changes are reported relative to alurnina and 

titanium which are assumed to have remained immobile during metasomatism. Samples 

of laminated schist that host refractory ores were not included in the data sets since they 

are the sheared equivalent of pre-existing quartz carbonate veining. Bulk chemical 

changes were determined for alteration associated with refractory ores on the 3100L of 

the Campbell Shear. flux was also determined for a deformed portion of the Pud Stock. 

and a traverse throuph a free-milling ore body on the 5900L of the Campbell Shear. 

4.1.3.1 Pud Stock 

The onset of alteration and development of penetrative fabric within the h id  Stock 

produces a sradual volume gain associated with influx of SiO,, K 2 0 .  Cao.  and LOI and 

losses in Fe,Ol. - - MgO. Na@. P20,  during breakdown of albite. honblende and biotite to 

white mica. with increased carbonate alteration. Complete destruction of primary 

mineralogy during progressive deformation and development of a penetrative fabric 
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resulting in formation of laminated quartz-white mica schists is reflected by a net volume 

loss (-30%) with further increases in SiO:. &O. As. and a concomitant loss of al1 other 

major cations (Figure 4.7). 

4.1 .X 103 Zone 

Samples collected across 150 metres of the Campbell Shear from HW through to 

refractory FW 102 Zone mineralisation are plotted on Fisure 4.8. A domain of quartz- 

carbonate veining with low srade _goid mineralisation is hosted within HW chlorite schist. 

Development of penetrative fabric and chloritisation results in rninor losses of MnO. 

MsO. Cao. Na20. and K,O. Shoulders on the narrow vein system demonstrate gains in 

Na,O reflecting the albitisation common to free-milling ore zones. Within progressively 

bleached and carbonate-white mica altered basalts toward the HW of the refractory ore 

zone there are substantial gains in SiO,. Fe@,. MnO. Cao. K 2 0 .  LOI. and losses in 

Na,O. P,Oj. TiO,. Noticeable loss in Mn0 within irnmediate HW rocks is offset by 

oains of M n 0  within ore zones. A sready volume increase with progressive carbonate 
b 

alteration is reflected in the increased gains in LOI and CO, assays (Figure 4.9). As 

paragonitic micas are located within zones of overall Na,O loss supgests Na influx is not 

a requirernent to stabilise paragonite. 

3.1.3.3 101 Zone 

The traverse from the HW crackle brecciakheeted joints through the 60M ore 

trend into moderately foliated massive basalts on the 5900 Level demonstrates bulk 

chernical flux for free-milling ores (Figure 4.10). Silica shows steady enrichment toward 



Cao I 

Proximity to vein 

- 

1 .O0 2.00 3.m 4.00 

Figure 4.7 Modified Gresens' plot of weight percent loss or gain of major oxides. plotted 
against proximity to most intensely sheared portion o f  the Pud Stock. Volume factor is 
based on alumina and titania values of 27529, least altered Pud Stock. 







Proximity to vein 

1.m 1a.m I L I  m.- œ.œ Y.rn Y.l  

Figure 4.9 Modified Gresens' plot of weight percent loss or gain of major oxides. ploned 
against proximity to 102 ore zone on the 3 100L. Volume factor is based on alumina and 
titania contents in sarnple R209-150. Sarnples 1 (3  136A) and 1 (3  136B) correspond to 
mineralised and sheared vein material. Most altered sample ar x-y intercept. 







Proximitv to vein 

Figure 4.1 1 Modified Gresens' plot of  weight percent loss or gain of major oxides. versus 
proxirnity to vein plotted along traverse fiom HW (sample 2. 5960M-2) through 
mineralised zone to weakl y sheared foorwall volcanic rocks (sarnple 10, 596OM- 10). 
Volume factors based on alumina and titania content o f  5960M-1. Samples 4 and 6 
represent quartz stringer zones. 
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the ore zone but depletion immediately adjacent to the veins. Total Fe,O, demonstrates 

losses throughout while K,O along with variable Na20 demonstrate gains immediately 

adjacent to veins. Volume increases with degree of foliation in FW tlows but 

demonstrates minor losses imrnediately adjacent to vein material (Figure 4.11). 

4.2 Mineral Chemistry 

Electron microprobe analyses were performed on a JOEL 8600 Superprobe at the 

University of Western Ontario under the supervision and technical assistance of Robert 

Barnett and Dave Kingston. Operating conditions and standards are reported in Appendix 

A. 1. The electron microprobe was utilised to document mineralogical variability within 

host rocks. alteration zones and auriferous domains. Minerals investigated inciude 

amphibole. feldspar. white mica. biotite. chlorite. pyrite. arsenopyrite. gold. sphalerite. 

sulphosalts. tetrahedrite. apatite. pyrrhotite and carbonates. 

4.2.1 Amphibole 

Compositional variation of calcic amphiboles relative to metamorphic grade has 

been documented in various basaltic sequences (Liou et al. 1974: Begin and Carmicharl 

1992: Terabayashi 1993: Apted and Liou. 1983). The Al and Ti contents of calcic 

amphibole in conjunction with the anorthite component of CO-existing plagioclase have 

been used as pressure and temperature indicators for metamorphism (Spear 198 1 ; Raase 

1974: Hammarstrom and Zen. 1986). Amphiboles were investigated within prograded 

host basalts in conjunction with plagioclase to determine metamorphic grade transitions 

along and across shear zones. The composition of amphiboles within prograded basalts 
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will be compared to that of amphibole within amphibolitic schists and fluidised joint 

systems. In total 219 amphibole analyses were carried out on 27 samples. representative 

analyses are provided in Table 4.2. 

Structural formula for amphiboles were re-calculated from microprobe data 

utilisin_e the PAPIKE program (Papike et al.. 1974) to determine the ferrouslferric iron 

split and site occupancies for amphibole classification. The Papike calculated Fe,O, 

utlilised for structural formula caiculations is the midpoint value between al1 iron as Fe0  

and al1 iron as Fe,030. As classified according to the scherne outlined by Leake (1978) 

the amphiboles are entirely calcic species. A generalised stmctural formula for calcic 

amphiboles proposed by Deer et al.. (1969) is as follows: 

A,,, B2-3Y,Z,022(OH)I 

where A = A-site. B= B-site. Y = the octahedral site, and Z = the tetrahedral site. Calcic 

amphiboles within prograded basalts. amphibolitic schists. and quartz-plagioclase- 

amphibole veinlets demonstrate significant variations in alumina content. alkali content 

and A-site occupancy. The principal substitutions controlling amphibole compositions 

within the data set are the tschermakitic: 

( ~ l " + F e ' -  +Ti+Cr).AIb =(Fe2- +Mg+Mn).Si 

and the edenitic substitutions: 

(Na + K)".AIn =-;\.Si 

where the box represents vacancies within the A-site (Laird and Albee. 198 1 ). 

The control of both the edenitic and tscherrnakitic substitutions on amphibole 

chemistry are illustrated in Figure 4.12. As a group amphibole compositions are Mg rich 

and lower Mg/Mg + Fe2- ratios accompany decreased silica values. The silica content 



TABLE 4 . 2  

CON MINE AMPHIBOLE MICROPROBE ANALYSES 

1 27571 UNIFORM AMPH GRN 
2 27537 LT R I M  
3 27537 DK CORE 
4 275908 EQUANT HOMO AMPH 

5 27597 MOTTLED AMPH DK ZONE 
6 27597 LTR RIM ZONE SAME GRAIN 
7  27625 LG FOLN PARALLEL 
8 27615 VEIN AMPH 

AMPHIBOLE STRUCTUWL FORMULA 
PAPI KE RE - CAKULATION 

TETRAHEDRAL 
SAMPLE S i  A l  SUM A l  Fe2+ 
27571 UNIFORM AMPH GRN 6.47 1 .53  8 0.68 2.19 
27537 LT R I M  6 .48  1 .52  8 1 . 0 5  2 . 1 1  
27537 DR CORE 7 .66  0.34 8 0 .19  1 . 6 4  
275908 EQUANT HOMO AMPH 7 .93  0.07 8 0.17 1 . 5 0  
27597MOTTLEDAMPHDKZONE 7.77  0.23 8 0 .24  1 .64  
27597 LTR R I M  ZONE SAME G R A I N  6 .49  1 .51  8 0.92 2 .13  
27625 LG FOLN PARALLEL 6 .55  1 .45  8 0.79 2 .28  
27615 VEIN AMPH 7 .48  0.52 8 0 .29  2 .03  

OCTAHEDRAL 
Fe3+ Mg 

0.44 1 .62  
0.16 1 .65  
0.13 3.09 
0 .00  3 .28  
0 .00  3 .05  
0 .18  1 .72  
0 .37  1 .52  
0.14 2 .51  

M4 SITE 
XOCT* Ca Na 

0 .03  1 .95  0 .03  
0.04 1 . 8 6  0.09 
0 .08  1 . 8 7  0 .05  
0.00 1 . 9 7  0 .01  
0.00 1 . 9 8  0.02 
0.05 1 .87  0 . 0 8  
0.06 1 .87  0.07 
0 .04  1 . 8 9  0 .07  

A-SITE 
SUM Na K 
2 0.26 0.07 
2 0.27 0 .05  
2 0.04 0 .02 
2 0 .00  0 .01  
2 0 .07  0 .01  
2 0 .33  0 .05  
2 0 .25  0 .05  
2 0 .08  0 .01  

Fe,O, is c a l c u l a t e d  a s  m i d - p o i n t  between ail i r o n  as Fe0  and al1 i r o n  as Fe,O,. 
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of the amphibole reflects the dezree of aluminum substitution in the tetrahedral site 

(tschermakitic substitution) and provides the most critical criteria for the classification of 

the various amphibole species. Due to intra-sample compositional variations individual 

analyses are plotted as opposed to averages for individual samples. 

Compositional zoning is ubiquitous within prograde amphiboles. Core to rirn 

variation in AI. Ti. Mg. and Na content are typical. increased Na and the resultant 

increase in A-site occupancy associated with increased retrahedral aluminum demonstrates 

the sharp compositional gaps between cores and rims reflecting increasing metamorphic 

grade and the importance of the edenitic substitution. 
b 

With increased metamorphic rank prograde homblende rims increase in width 

at the rxpense of actinolitic cores concomitant with a decrease in modal groundmass 

epidote and increasing An content of CO-existins plagioclase (Plate 4.1 a-d). A sharp 

compositional gap exists within each individual grain where cores are poikiolitic. with low 

Al. Ti. Fe. and Na, rims are enriched in Al. Ti. and Na. Fe with lower Si and Mg. Rim 

compositions may Vary considerably within the sample suite from actinolitic hornblende. 

magnssio-hornblende through ferro-tschermakitic hornblende while core compositions are 

restricted to the actinolite and actinolitic-hornblende fields. Total A-site occupancy 

(Figure 4.13a - e )  and variation in tetrahedral Al (Figure 4.14a - e) demonstrate core-rim 

chernical variation and increased metamorphic conditions as determined by amphibole rirn 

compositions. 

Variations in rirn compositions are married to the An-content of CO-existing 

plagioclase and the relative abundance of groundmass epidote. As rirn compositions 

prozress toward ferro-tschermakitic hornblende and as individual grains become texturally 



Si 
Figure 4 .12~  Silica versus the ratio of magnesium to magnesium and 

formula units after the calcic amphibole classification scheme of 
iron in atomic 
Leake (1978). 

Figure 4.12b Variation diagram of A-site occupancy (Na-A + K) versus tetrahedral 
aluminurn. A line connecting X-Y intercept with upper left corner of diagram 
box represents ideal edenitic substitution. 



Plate 4.1 Backscatter SEM images of metamorphic calcic amphibole. ( A )  27593. Lowrr 

rpidote amphibolite actinoiite gain  with very thin bright ferro tschermakitic rim. (B)  

27597. Epidote arnphibolite sample with progressively wider rim of a more T~o'. FeO. 

aluminous amphibole specirs (brighter rim). (C) 77537. Hornblende arnphibolite sample 

dttmonstrating progession of more T~o'. FeO. Cao. alurninous rirn composition as spidote 

is consumed. (D) 27597. Upper homblende mphibolite. almost total replacement of 

aciinolitic core by higher _made amphibole species. (E)  KO9- 150. Large amphibole -main 

wiih inclusion of labradorite (p). Large amphiboles commonly host inclusion of Ca-rich 

plagioclase. 
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and compositionally homogeneous the An-content of plagioclase demonstrate an increase 

to labradorite-bytownite as groundmass epidote is consumed (Figure 4.1 5). 

Garnet amphibolite facies volcanic rocks are characterised by homogeneous ferro- 

tschermakite homblende (Fisure 4.14a) w ith lower Mg/Mg + Fr' * ratios and Ca content 

than ferro-tschemakite homblende rim compositions within upper amphibolite samples. 

Plagioclase is not stable within garnet arnphibolites with excess Ca from pla~ioclase and 

Mg from amphibole incorporated into almandine earnet. 

Upper amphi bolite facies amphiboles are homogeneous in composition and r im 

compositions lie toward the ferro-tschemakitic hornblende CO-existing with labradorite- 

byrownite (Figure 4.14b). Homogeneous ferro-tschermakitic hornblende within garnet 

amphibolites facies volcanic rocks have similar Al(iv). Si. lower MgIMg + Fe2+ ratios. 

and are devoid of plagioclase in cornparison to homblende arnphibolites. 

Within upper epidote amphibolite and lower homblende amphibolite facies rocks 

neither core or rirn compositions are homogeneous. There is significant inter-sample 

variation but iittle intra-sample variation in the core and rim compositions (Figure 

414c.d). The evident compositional variation is also married to a consistent increase in 

the An-content of CO-existins plagioclase. Core compositions may cluster in. or trend 

from actinolite through actinolitic homblende: rim compositions for al1 samples regardless 

of core composition demonstrate rirn compositions overlapping the magnesio/ferro- 

hornblende to ferro-tschermakitic fields. The CO-existing plagioclase demonstrates an 

anorthite component increase. similar to that of the Al content of hornblende cores. 

Lower epidote amphibolite facies volcanic rocks contain homogeneous actinolite 

and actinolit ic hornblende (Figure 4.14e) associated with albite. groundmass epidote. and 



Figure 4.13 Variation diagrarns of A-site occupancy (Na + K) versus tetrahedral 
aluminum for various metamorphic facies within basalts demonstrating core-rirn 
compositional variability: (a) gamet amphibolite; (b) upper amphibolite facies; 
(c) upper epidote amphibolite; (d) epidote amphibolite; (e) lower epidote 
amphibolite . 
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Figure 4.14 Variation diagrams of silica versus the ratio of magnesium to magnesium 
and iron after the calcic amphibole classification scheme of Leake (1978) for al1 
prograde me tamorp h ic tac ies in host basalü. Composition changes w ith increased 
metamorp hic rank: (A)  garner amphibolite: (9) upper amphibol ite facies: (C) 
upper epidote arnphibol ite: (D) epidote amphibol ite: (E) lower epidote 
amphibol ite. 
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titanite. With increasing depth and footwall to the Campbell Shear actinolites are 

homogeneous but slightly enriched in Al. Ti. They CO-exist with more abundant 

youndmass and fracture fil1 epidote relative to surface exposures. Within the 

hangingwall of the Campbell Shear on surface actinolite and actinolitic hornblende rims 

may be retrogressed to chlorite. 

Foliated. aligned. and prismatic calcic amphibole within amphibolitic schists do 

nor display the sharp zonation patterns observed within the thermally prograded basalt 

sequences (Figure 4.16a.b. Plate 4.2). Intra sample variation in chemistry define clusters 

that are distinguishable from the overall intersample chernical variation. Arnphibolitic 

schists preserved within the hangingwall of the Campbell Shear (5960M-1) or within 

horses of the Con Shear (17625) are characterised by an amphibole population with lower 

Si and Mg/Mg+Fe2- ratios than amphiboles interna1 to narrow schists zones detached 

from major shears (27598. KL-1). Thin ferro-actinolitic to actinolitic rims are locally 

deveioped (5960M- 1. KL- 1 ) reverse to zonation patterns observed within the prograded 

basaltic sequencrs. Foliation parallel ferro-tschermakitic homblendes contain lower 

Mg/Mg + Fe2* ratios than hosr rock hornblende. 

Calcic amphibole preserved within veinlets are locally chaotically zoned with intra 

and inter sample variation lying across the spectrum of amphibole compositions (Figure 

1.17). The variation in ~ g / ~ g  + Fe2- ratios range from 0.5 to 0.7. Notably these 

compositions are not similar to amphiboles within adjacent wall rock indicating that the 

vein amphiboles have not been stoped from adjacent vein walls. 



Plate 4.2 Backscatter SEM images of amphibolitic schist. (A)  27625. 1250Level Con 

Shrar. Homogeneous amphibole +pins with minor groundrnass chlorite alteration. (B) 

17625. 13OLcvel Con Shear. Homogeneous amphibole compositions with more 

progressive chIorite alteration. 
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Figure 4.16a Foliated amphibole 
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O KL-1 + 5960M-1 
x 27598 

Ferro-hbld ~wro- Ferro- 
l & ~ ~ ~  Tscherrnokite 

I 

7.0 6.5 6.0 5.5 

Si 
schist. Silica versus the ratio of rnagnesium to 

magnesium and iron in atomic formula units afier the calcic amphibole 
classification scheme of Leaice ( 1978). 

Figure 4.l6b Foliated amphibole schist. Variation diagram of A-site occupancy (Na-A 
+ K) versus tetrahedral aluminum. 



Si 
Figure 4.17a Veinlet amphibole. Silica versus the ratio of rnagnesium to 

magnesium and iron in atomic formula units after the calcic amphibole 
classification scheme of Leake (1978). 

Figure 4.17b Veidet amphibole. Variation diagrarn of A-site occupancy (Na-A + K) 
versus tetrahedra1 aluminum. 



4.2.2 Fetdspar 

Plaeioclase occurs within both prograded host basaltic sequences and retrogressed 

shrar zones. Fine grained untwinned albite is associated with low grade greenschist 

facies and lower çpidote amphibolite volcanic rocks. Much rarer potassium feldspar is 

restricted to isolated domains hangingwall to refractory ore bodies and along joint/fracture 

systems immediately adjacent to the Pud Stock. 

The anorthite component of plagioclase within basalts systematically increases with 

rnetamorphic grade concomitant with the gradua1 Ioss of epidote and the associated 

increase in the rim width of prograde aluminous calcic-amphibole (Figure 4.15). Intra 

sample variation is senerally on the order of 20 An units with no discernable zonation 

patterns. although aluminum rich domains within amphibole comrnoniy contain isolated 

grains of plagioclase with higher An content (labradorite. Plate 4. le). Plagioclase within 
C 

amphibolite schists have a lower An content than prograded basalts with similar 

amphibole chemistry . 

Albite is a common mineral phase within chlorite schists peripheral to mineralised 

vein systems within both the Con and Campbell Shear Systems. Grain size is variable 

ranging from fine grained untwimed masses to 2-3mm lathes with albite twinning. 

Preserved lathes are characteristically rotated into the planar foliation where they occur 

as lozenges wrapped by fine grained chlorite and carbonate. Albite may be associated 

with pressure shadow development in schists selvaging free-milling quartz veins. 

Although ubiquitous within vein selvages within quartz veins albite is very restricted 

occurring oniy in veins within the deep southern portion of the mine workings (55578. 

5557M stope). 
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Potassium feldspar is comrnonly located along joint surfaces within 100 metres of 

the Pud Stock and are manifested by rusty red weathered surfaces. It has been identified 

in isolated patches han@ngwall to refractory ore bodies within the Con Shear. Grains are 

typically cloudy and similar to albite are rotated into foliation planes with limited pressure 

shadow development. Anhedral untwinned grains are variably altered to chlorite. quartz. 

and carbonate. 

4 2 . 3  Biotite 

Biot ite associated w ith joints and as pervasive groundmass alterat ion demonstrates 

minor compositional variability (Figure 1.18). Mg0 contents range from 9 to 12 wt 7c 

and F e 0  contents fa11 in a range from 19 to 2 1 wt%. The biotite associated with joints 

and altered plagioclase microlites are typically less iron enriched. Biotites with greater 

iron contents tend to occur as groundmass disseminations and replacement of amphibole 

(R- 1 8 4  1 1 ). Titanium is consistent throughour the data set ranping in value from 1.3 to 

1.8 wt%. 

3.2.4 Chlorite 

Chlorite mineral species are ubiquitous within the alteration envelopes and veins 

of the Con and Campbell shears. locally along retrograde joint surfaces. and replacing 

amphibole within amphibolitic schists. Four chlorite species are identified utilising the 

plot of Hey (1955). The dominant species is ripidolite. Pyncnochlorite is found as an 

alteration product within volcanic rocks. on joint surfaces and in amphibolitic schists. 

Clinochlore and sheridanite are only associated with narrow veins within the Con Shear 



Figure 4.18 Variation diagrarn of Fe0 versus Mg0 in weight percent for biotite 
associated with joint and groundmass aireration within host basalts. 



System (C 10. C39 Shears) . 

Retrograded metavolcanic and joint chloritc chemistry is comprised of 

pycnochlorite with Aln.AI" contents of less than 2.8 pfu (Figure 4.19). Pycnochlorite 

with AI" > Al" are associated with grain boundary alteration of amphibole within 

arnphibolitic schists. Within sheeted joints chlorite chemistry is dominated by ripidolite 

with Al" > AI" and increasing Fe/Fe + Mg ratio as chlorite develops a preferred 

orientation. 

Narrow veins and shears within the Con Shear System contain chlorites with 

A1".Alw < 2.8 ph .  Si > 5.25. and Fe/Fe+M_g ratios that range from 0.10 to 0.50 

(Figure 4.20). Clinochlore occurs as matts and sheafs within narrow cataclastic quartz 

veins of the Cl0 vein. Sheridanite occurs as isolated tabular sheafs within crack seal 

veins of the C39 shear (27613). foliation parallel chlorite within selvages of narrow veins 

range in composition from sheridanite to ripidolite (27612). Wider portions of the CI  and 

C36 Shears are dominated by ripidolites with Fe/Fe +Mg ratios of 0.4 to 0.5. and Al" 

> Al" with the exception of chlorite associated with abundant tourmaline (2962 1.  C4- 

1 250Level) ( Fisure 3.2 1 ) . 

Ripidolite associated with alteration and mineralization within the Rat Lake region 

of the Con Shear demonstrate subtle variations across the mineralised zone. HangingwaII 

and footwall ripidolites associated with chlorite-iron carbonate schists have Fe/Fe+Mg 

ratios of greater than 0.5 and Alw > AI'' (Figure 4.22). Ripidolite associated with 

laminated auriferous schists have Fe/Fe+Mg ratios of less than 0.5 and variable ~ l "  > = 

Al". Late wispy ripidolite most commonly have Al" > AI". 

SubtIe increases in Fe/Fe+Mg ratios associated with decreasing Si occur as 



Figure 4.19 - Figure 4.27 (A) Chlorite compositions according to classification scheme of 

Hey ( 1954. (B) Variation diagram of octahedral aluminum versus tetrahedral alurninum. 

Diagonal line represents 1 : 1 correlation. 

Figure 4.19 (p. 173) Joint and retrograde amphibole schist chlorite. 

Figure 4.20 (p. 171) Con Shear narrow vein and shear chlorite. 

Figure 4.21 (p. 175) Wider portions of the C1 and C36 chlorite. 

Fipre 1.22 (p. 176) Rat Lake aiterarion and mineralisation chlorite. 

Figure 1.23 (p.  177) IO1 Zone chlorite. 

Figure 4.24 (p. 178) 103 Zone chlorite. 

Figure 4.25 (p. 179) Shallow 10 1 Zone chlorite. 

Figure 4-26 (p. 1 80) Intermediate 10 1 Zone chlorite. 

Figure 4.27 (p. 18 I ) Deep 10 1 Zone chlorite. 
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Figure 4.20 Con Shear narrow vein and shear chlorite. 
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Figure 4.2 1 Wider portions of the C4 and C36 chlorite. 
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Figure 4.23 102 Zone chlorite. 
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Figure 4.24 103 Zone chiorite. 
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Figure 4.25 Shallow 10 1 Zone chlorite. 
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Figure 4.26 intermediate 1 0 1 Zone chlorite. 
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Figure 4.27 Deep I O i Zone chlorite. 
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alteration intensifies within the hangingwall of the 103 Zone on 3100 level of the 

Campbell Shear. Vrin ripidolites have lower FelFe+Me ratios than ripidolites within 

refractory schists of the 103 Zone (Figure 4.23). Ripidolite from the refractory 103 Zone 

demonstrates little intra sample compositional variation wirh the exception of strongly 

foliated but weakly mineralised samples selvaging auriferous schists. Footwall ripidolires 

frorn the 103 Zone have Fe/Fe +Mg ratios < 0.45. (Figure 4.24) similar to auriferous 

schists of the 1 O3 zone and auriferous veins of the 102 zone. i-iangingwall ripidolites of 

the 103 Zone have Fe/Fe+Mg ratios of > 0.45. 

The 10 1 zone samples exarnined al1 contain ripidolite with little intrasample 

variability but a wide range of inrersample variability. In general 101 zone ripidoiites 

contain Al" > Al" and demonstrate a weak trend of increasing Fe/Fe + Me and Al" with 

depth (Figure 4.25.26.27). 

4.2.5 White Mica 

Dioctahedral phyllosilicates of the common mica group are an important minera1 

phase within mineralised domains of the Con and Campbell Shear Zone Systems. 

Structurally the common micas consist of a sheet of octahedrally CO-ordinated cations (Y- 

site) between two identical sheets of tetrahedral CO-ordinated (Si.Al)O, tetrahedra (Z-site). 

The idealised structural formula for the comrnon micas is as follows: 

X2Y,J8020(OH. F), 

X = K. Na. Ca (Ba. Rb, Cs) 

Y = Al. Mg. Fe. Mn. Cr. Ti. Li 

Z = Si. Al 
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Four hydroxyl ions are replaced by apical oxygens of the tetrahedral layer and complete 

the octahedral CO-ordination of the sheets. The composite layers comprised of the three 

sheets have a net negative charge which is balanced by planes of ions (X-site) with a 

twelve fold CO-ordination. 

Substitution of Si by Al within the tetrahedral site coupled with variable 

substitutions within the octahedral sheets and the interlayer position creates three major 

compositional fields of importance to the present study. 

Si:A1=3: 1 K(A1. Fe.Mn.Ti.M~),[AISi10,,J(OH)2 muscovite 

Si:AI > 3: 1 K(A1. Fe.Mn.Ti.Mg),[AISi&](OH)- p heng i te 

Si:AI=3: 1 Na(A1. Fe.Mn.Ti. Mg),[AISi,0,,,](OH)2 paragonite 

Paragonite is the sodium end member of the cornmon white micas where sodium replaces 

potassium within the interlayer position. The paragonite component is the ratio of sodium 

to total aikalis and is calculated as follows: 

( NaINa + K)x 100 = 5% paragonite component 

Experirnental and field snidies have established an immiscibility gap between muscovite 

and paragonite. Muscovite rarely contains between 302 and 75 % paragonite component. 

Many analyses in this smdy fa11 within this gap and this is anributed to rnixed layer 

intergrowth of sodium enriched and sodium depleted layers (Plate 4.3). For the purpose 

of this study paragonitic muscovite describes analyses with compositions of between 

pg 1 -mu88 and pg35mu65. analyses falling between pg35mu65 and pg lOOmuO are referred 



Plate 4.3 Backscatter SEM images of white mica relationships. (A)  and (B). Relationship 

of fine layered intergrowth of paragonite (p) with paragonitic muscovite (pm) with quartz 

(q) .  Pangonitr is darker grey phase and the fine intergrowth of the two phases accounts for 

the infill of the imrniscibility gap within the white mica data set. 





to as parasmite. 

Substitution of siderophile elements for aluminum within the octahedral site 

requires a coupled substitution of silica for aluminium within the tetrahedral site in order 

to maintain the charse balance. This is referred to as the phengitic substimtion. The 

extent of the substitution of siderophile elements is defined as their sum. in atomic 

formula units (afu). referred to as the phengite component. A phengite requires at least 

- one of four octahedral sites to be fully occupied by siderophile elements. For the purpose 

of this study phengitic muscovite refers to analyses in which the siderophile elements (Fe. 

Mg. Ti. Mn) occupy greater than one half of one site wirhin the octahedral layer. 

Within the data set a striking chernical variability exists between white micas 

associated with r e f r a c t o ~  gold ores from those associated with free milling gold ores 

('Table 4.3 1. Paragonitic muscovite and paragonite dominate in alteration haloes and ore 

zones of refractory ore lenses while alteration micas from free milling ore lenses are 

dominated by muscovite and phengitic muscovite. Ore types within the Con Shear are 

especially well distinguished on the basis of white mica compositions: narrow shear 

structures within the C4 Shear and Shaft group are characterised by muscovite while 

wider schist dominated. refractory bodies are defined by paragonite/paragonitic 

muscovite. Within the Campbell Shear each distinct ore zone ( 10 1. 102. 103. Negus) and 

its alteration halo contain specific white mica species. 

3.2.5.1 Con Shear Mica 

White mica mineral chemistry demonstrates distinct variability between various 

shear strands and thick versus narrow portions of individual shear segments. Narrow 
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northerly trending segments of the C-4 Shear. NNW trending shears and veins (CIO. 

C39) are characterised by vein and schist white mica with low Fe/Fr + Mg ratios ( C 

O.Llj(Fiprc: -1.78a). Al" of less than I a h  (Figure 4.29a). Al" < 3.8 a h .  paragonite 

component less than or equal to 1 OPg90Mu (Figure 4.30a) and phensitic substitution with 

greater than 0.15 octahrdral sites occupied by transition elements (Figure 4.3 1 a). 

White micas associated with NNE trending 10- 15 metre wide shear segments and 

within thickened (up to 30 metres) portions of the shear are separated into two data sets: 

one representing narrower segments (C4. C36. C34) and another representing wider zones 

with more intense alteration (C4C34 - Rat Lake). White mica associated with schist and 

vein material from the narrow C4. C36. C31 Shears have Fe/Fe+Mg ratios < 0.4 

(Figure 4.28b). paraeonitic component > 10. Al" < 2.2 > 1.6 afu (Figure 429b .  

1.30b). an Al" > 3.8 afu. Siderophile elements occupy less than 0.25 of an atomic 

formula unit thus lackins in s ip i fkan t  phensitic substitution (Figure 4 .3  1 h) .  Tetrahedral 

and octahedral aluminum contents and Fe/Fe +M_e ratios increase with increasing sodium 

content and is reflected in increased paragonite content. Outliers from the data set 

include analyses from intensely carbonate altered schist selvaging veins that conrain white 

micas with FelFe+Mg ratios of < 0.40. although these values are still greater than 

Fe/ Fe + Mg ratios associated with narrow shear segments. 

The Rat Lake sample suite (CIlC34 Shears) shows similar trends although 

hangingwall and footwall samples demonstrate less intrasample variation with lower 

paragonite components and tend toward an increasing phengitic substitution trend. 

Overall al1 samples have a Fe/Fe+Mg of > 0.4 (Figure 4 . 2 8 ~ ) .  Al" < 2.2 > 1.6. and 

Al" > 3.8 (Figures 2 . 2 9 ~ .  4 . 3 0 ~ .  4.3 lc). Sample R09-200 represents hangingwall 



Figure 4.28 a-c White mica variation diagram of paragonite component versus the ratio 

of iron to iron and magnesium. 

(A) Northerly and NNW trending shears and veins of the Con Shear. 

(B) NNE trending 10-15 meue wide segments of the Con Shear. 

(C) Rat Lake sarnple suite of alteration and mineralisation within thickened 

portion of the Con Shear. 
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Figure 4.29 a-c White mica variation diagram of octahedrai aluminum versus tetrahedral 

aluminum. 

(A) Northerly and NNW trending shears and veins of the Con Shear. 

(B) NNE trending 10-15 metre wide segments of the Con Shear. 

(C) Rat Lake sample suite of alteration and mineralisation within thickened 

portion of the Con Shear. 
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Figure 4.30 a-c White mica variation diagram of paragonite component versus octahedral 

aiuminum. 

(A) Nonherly and NNW trending shears and veins of the Con Shear. 

(B) NNE trending 10- 15 metre wide segments of the Con Shear. 

(C) Rat Lake sample suite of alteration and mineralisation within thickened 

portion of the Con Shear. 
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Figure 4.31 a-c White mica variation diagram the sum of siderophile elements in the 

octahedral layer (Ti + Fe +Mn +Mg) versus octahedral aluminum. Dashed line 

represents a half of an octahedral site occupied by siderophile elements and an 

increased phengitic component. 

(A) Northerly and NNW trending shears and veins of the Con Shear. 

(B) NNE trending 10- 15 metre wide segments of the Con Shear. 

(C) Rat Lake sample suite of alreration and mineralisarion within thickened 

portion of the Con Shear. 
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alteration where white micas are associated with the breakdown of fine grained aggregates 

of potassium feldspar and these micas have the lowest paragonite component arnong the 

Rat Lake data set. The data set also demonstrates variability from HW to FW across the 

al tèration and minera1 ised zones. Paragonite contents w i thin the most auriferous schist 

(R09-239. R09-255) bridge the immiscibility gap and are shouldered by HWIFW schists 

with lower sodium contents. and increased transitional element substirution within the 

octahedral site. 

4.2.5.2 Campbell Shear Mica 

Gold mineralization within the Campbell Shear may be separated into three distinct 

zones on the basis of spatial and metallurgical relationships. For the purpose of this study 

these zones are outlined as the refractory 103 and 10îlNegus and the free-milling 101 / 100 

zones. 

White micas are also ubiquitous both within the alteration halo and within 

auriferous samples from the refractory IOZiNegus Zone. The Wegus portion of the 

Campbell Shear is represented by two grab samples of buff altered carbonate-white mica- 

chlorite schist from the 70 and 2 1 levels of the Negus Mine. The rest of the data set is 

comprised of a sample traverse from hangingwall alteration into auriferous zones on the 

3 100 level of the mine and a representative grab sample from the 2750 level of the mine. 

A11 samples from the 1 OZNegus data set have a paragonite component of > 10 with an 

upper limit of 90. Al" ranges from 3.4 - 4.1. Ai" ranges from 1.2 - 7.1. Fe/Fe+Mg 

ranges from 0.4 to 0.9. Traverse from hangingwall alteration toward selvases ( hw3 191- 

18. 3 19 1 - 17. 3 19 1 - 16. 3 19 1 - 15fw) to ore lenses demonstrates decreasing Fe/Fe + Mg 
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ratios with associated decrease in paragonite content. Al". Al" and increased phengitic 

substitution. Porphyrobiastic micas become progressively sodium depleted as grain size 

decreases and as preferred orientation becomes more pronounced. Within auriferous 

samples and their immediate wallrocks white micas become significantly enriched in Na 

(3 136A. 3 136D. 3 136F. N e p s  2 1.20) with paragonite components of up to 90. 

Fe/Fe+Mg ratios stabilise at greater than 0.6. Al" > 1.6. Al" > 3.8. and less than 0.25 

of one octahedral site are occupied by siderophile elements (Figure 4.32b. 4.33b. 4.34b. 

4.35b). 

White micas in the refractory 103 Zone demonstrate notable variability in sodium 

enrichment. Traverses from H W to FW generate maximum paragonite component values 

of 40 although al1 samples have paragonite components greater than 10: Al" ranges from 

3.4 - 1.0. Fe/Fe+Mg ratios range from 0.4 to 0.8 (Figure 4.32a. 4.33a. 434a .  435a ) .  

In general thesr samples show more scatrer amongst data points than in the other data 

sets. 

White micas from free-rnilling. 10 11100 Zone ore and alteration is comprised of 

15 samples and 186 analyses divided into 3 separate data sets on the basis of vertical 

distribution within the shear zone. Both vein and alteration halos were sampled in 

individual stopes. The overall data set demonstrates little intrasample variation but taken 

as a whole there are striking contrasts to the refractory Con Shear and 103. 102/Negus 

Zone data sets. Relative to refractory ore lenses white micas from free-milling ores are 

almost entirely muscovite with paragonite component values of less than 15 and 

correspondingly lower Al". Al" demonstrates similar data scatter as in refractory ores. 

Octahedral site occupancy demonstrates a greater phengitic substitution. Samples with 



Figure 4.32 a-c White mica variation diagram of paragonite component versus the ratio 

of iron to iron and rnagnesium. 

(A) 102 and Negus Zone. 

(ES) 103 Zone. 

(C)  A11 101/100 Zone. 
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Figure 4.33 a-c White mica variation diagram of octahedral aluminum versus tetrahedral 

alurninum. 

(A) 102 and Negus Zone. 

(B) 103 Zone. 

(C) Al1 101/100 Zone. 





Figure 4.34 a-c White mica variation diagram of paragonite componenr versus octahedral 

aluminum. 

(A) 102 and Negus Zone. 

(B) 103 Zone. 

(C) Al1 101/100 Zone. 
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Figure 4.35 a-c White mica variation diagram the sum of siderophile elements in the 

octahedral layer (Ti +Fe + Mn +Me) versus ocrahedral aluminum. Dashed line 

represents a half of an octahedral site occupied by siderophile elements and an 

increased phengitic component. 

(A) 102 and Negus Zone. 

(B) 103 Zone. 

(C) All 1011100 Zone. 
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AI" > 3.8 are associated with albite alteration (Figure 4 . 3 2 ~ .  4 . 3 3 ~ .  4 . 3 4 ~ .  4 . 3 5 ~ ) .  

3.2 -6 Carbonate 

Carbonate mineralogy was investigated on a total of 20 samples from various 

zones within the Con Mine. Carbonate rninerals are ubiquitous within both alteration 

envelopes and ore zones of the Con and Campbell Shear Systems. Carbonate mineralogy 

includes calcite. dolomite. and ankerite species. (Figure 4-36). Calcite is the dominant 

carbonate species within chlorite alteration peripheral to refractory ore zones and within 

chlorite-albite schists immediately adjacent to free-milling quartz veins. Calcite may 

occur sporadically as a gangue mineral within auriferous veins within refractory ores. 

Dolomite and ankerite species dominate refractory schists and interna1 to aur iferous free- 

milling quartz veins. 

3.2.7 Sulphide 

W ithin the Con and Campbell Shears eold mineralizat ion is int imately associated 

w ith sulphide and sulphosalt mineral species. Sulphide minera1 chemistry was 

investigated both in individual samples of mineralised material and on metallurgical 

composites from various ore blocks. No attempt was made to quantify the sulphide 

content of the various ore types. however empirically it appears that the free-milling or 

refractory nature of an ore is for the most pan independent of sulphide content. 

Refractory ores may have a greater abundance of arsenopyrite versus pyrite but overall 

sulphide content and sulphide mineralogy within al1 ore types varies erratically throughout 

the mine. 



Figure 4.36 Ternary plot of carbonate minera1 chemical analyses in molOio for refractory 

al tention and mineralisation wirhin both the Con and Campbell shrars. 

Ca - calcite: Mg - magnesite: Fe - siderite. 

Figure 4.37 Temary plot of carbonate mineral chemical analyses in rnoi?/o for fiee-milling 

alteration and mineralisation within the Campbell shears. Ca - calcite: Mg - 

magnesite: Fe - sidrritr. 





4.2.7.1 Pyrite 

Pyrite is the most ubiquitous Fe-sulphide associated with free-mil1 ing and 

refractory gold ores of the Con and Campbell Shears. Pyrite occurs as disseminated 

grains within peripheral chlorite-calcite schists. within white mica-carbonate sch kt vein 
Ci 

selvages. interna1 to quartz-carbonate veins and as a specific host for gold. Grain size 

varies from fine to medium. occurring as isolated dustings. as heteroeenous 

disseminations. to semi-massive patches. Pyrite is associated with arsenopyrite. 

pyrrhotire. chalcopyrite. galena. and sulphosalts and may host inclusions of galena. 

tetrahedrite. pyrrhotite. chalcopyrite. tellurides. and gold. Pyrite chemistry was 

determined on a series of samples collected from various zones including both refractory 

and free-milling varieties of gold ore. Variations in Fe. S .  Ni. Co. As. and Au were 

investigated and the 2: 1 meta1:ligand ratio was satisfied for the data set. Where present 

arsenian pyrites from al1 ore types maintain the 2:  1 metakligand ratio as required by the 

ideal stoichiometry of pyrite and demonstrate a strong negative correlation of arsenic to 

sulphur. No significant variation was noted in Co and Ni contents of pyrites from 

refractory or free-rnilling ore zones. Representative pyrite analyses are iisted in Table 

4.4. 

Al1 ore zones contain As-zoning in pyrite. The As content of pyrite ranges from 

below detection limits to a maximum of 5.49 wt% AS. Pyrite from vein dominated 

portions of the Con Shear System may host metallic inclusions of gold and do not 

demonstrate appreciable enrichments in As. Abraded. fractured. brecciated. corroded 

pyrites occur as relict grains in laminated refractory schists (C4 Shear. 102 and 103 



a a a a  
z z z z  

macocn  
a?.?"? 
m o o o  
m o o o  

C C . -  

a a a 4  
z z z z  



21 2 

zones) and are characterised by As-enriched cores (Plate 4.4a) and poikiolitic cores (Plate 

1.4d). The As-domains are genera1ly restricted to the cores of pyrite grains in thin. 10 - 

20 micron wide laminae symmetrical to crystal faces (Plate 4 . 4 ~ ) .  as broad domains. or 

complex As-zonat ion patterns within larse poikiolitic grains with As-enriched rims (Plate 

4 .4b) .  Arsenic contents for enriched domains range frorn 1.18 to 3.69 wt % As. sulphur 

contents range from 53 to 50 wt% S. 

Pyrite from shallow free-milling ores of the Campbell shear 101 Zone 

(B8030.33 lîXC.33207.STP2. B8 176NL) demonstrate variable As-zoning with low As 

poikiolitic cores. hieh As core zones. and low As rims. Arsenic contents for the high As 

domains range from 0.74-5.49 wt %. sulphur contents range from 49 to 53.8 wt 5% S. 

Pyrite from drep free-milling 10 1 Zone ores (5360M. 5 173R) tend to have high As- 

domains associated with micro-fractures and inclusion trains of gold and Au-Ag-Bi 

tellurides (Plate 44e) .  The As content of these domains range from below detection Iirnits 

to 3.37 wt R As with accompanying low end sulphur contents of 5 1.74 wtcl, S. 

A total of sixty-nine SIMS analyses for gold were conducted on  pyrite grains from 

refractory and free-milling ore zones. Results are summarised in Table 4.5 and where 

possible electron microprobe values (As. Au) for the same grain are listed with the SIMS 

results. Abraded pyrite ga ins  from the Con Shear with As-enriched core zones (R209- 

139) and similar texnired grains frorn 8 8  176 and located above the 2750 Level north of 

the 101 Zone have Au contents of between 0.30 ppm and 26 ppm Au (7 determinations). 

Although individual grains have spot analyses of up to 1.5wt% As no appreciable Au 

enrichment was noted. 

Arsenian pyrites from the 102 Zone demonstrate a variety of As zonation patterns 



Plate 4.4 Backscatter SEM images of arsenian pyrite. (A) R109-239. C1 Shear. Con Shrar. 

Atoll textured pyrite grain with arsenic r ~ c h e d  core zonr (bnght domain). Typical pyrite 

texture within refnctory schists. low solid solution rold values with SIMS. (B)  B8030. 102 

Zone. Low As poikiolitic core with broad As e ~ c h e d  zones symrnetrical to pain 

boondaries. maximum As content of 5 wt As. As zones do not display gold enrichment. 

(C) B8010. 102 Zone. Broad As e ~ c h e d  zonr in central portion of p i n .  Circls represent 

positions of SIMS analysis. Point 1 I retums gold values of 130 ppm Au with an As content 

of 3 -63 wt? o. Point II retums a gold content of 3 1 ppm Au and As content of 1 -68 wto o. 

Gold is associated with dornain of elevated As. (D)  STP3. 1 O 1 zone free-milling ore. 3300 

Lrvel. Poikiolitic A s - e ~ c h e d  core zone. with zonation symmetncai to crystal faces. No 

gold enrichment is associated with As-enriched core. ( E) 5360M Stope. Deep free-milling 

stope. Cornples As-enrichrd zones associated with microfractures. Fractures are associated 

wi th As-enrichment host numerous inclusions of native o l d  and Bi tellundes. 





TABLE 4.5 

PYRITE "INVISIBLE" GOLD CONTENT BY SlMS 

SAMPLE 'PROBE-As A u  SlMS SAMPLE PROBE-As A u  SIMS 
WT% ppm WT% ppm 

0 8 0 3 0  CR1 -1 
CR1 -2  
CR 1-3 
CR 1 -4  

M A X  
MIN 

AVG 

STOP2 CR1 -6  
TOP2  CR5-12 

M A X  
MIN  

AVG 

38085 CR5-1 
CR5-2 
CR5-3 
CR5-4 
CR5-5 
CR5-6 
CR5-7 
CR7-7 

B8085-CR4-1 
CR4-2 
CR4-3 
CR4-4 
CR4-5 

8 8 0 8 5  CR7-1 
CR7-3 
CR7-4 
CR7-5 
CR7-7 
CR7-8 

M A X  
MIN 

AVG 

i8090  CR7-17 
CR7-19 
CR7-20 
CR7-2 1 

M A X  
MIN 

AVG 

3 3 1  2 X C  CR3-4 
CR1 -6 
CR1 -7 
CR1 -8  
CR6-9 

CR6- 1 2 
CR9-13 
CR6-16 

MAX 
MIN  

AVG 

6 8 0 8 4  CR4-10 
CR4-1 1 
CR4-12 
CR4-13 
CR4- 1 4 
CR7-17 
CR7-18 

B 8 0 8 4  CR5-19 
CR5-20 
CRS-2 1 
CR5-22 
CR5-23 

M A X  
MIN 

AVG 

R09-239 CR2-1 
CR2-2 
CR2-3 

M A X  
MIN 

AVG 

B8 1 7 6  CR4-1 
CR4-2 
CR6-3 
CR3-5 

M A X  
MIN 

A V G  
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and have Au concentrations ranging from 0.15 to 410 pprn Au (44 determinations). The 

enhanced Au contents from these grains dernonstrate a positive correlation with As 

content and are restricted to specific growth domains within pyrite grains (Plate 4.5). 

Arsenian pyrite domains from shallow 10 1 Zone free-rnilling ores (STP?. 33 1 2 x 0  

contain low Au concentrations ranging from 0.48 to 1.3 ppm Au (15 determinations). 

pyrites from free-milling lenses above 3 100 level (B8030) have slightly elevated gold 

concentrarions ranging from 5 to 18 ppm Au (4 determinations). Althouzh As contents 

ranged up to 5.5 wt% As in individual grains no positive correlation with Au content was 

observed. 

1.2.7.2 Arsenopyrite 

Arsenopyrite is an accessory sulphide minera1 in free-rnilling ores and forrns the 

dominant sulphide mineral within refractory ores of the Con and Campbell Shear 

Systerns. Arsenopyrite occurs as euhedral to subhedral blocky grains internal to quartz 

carbonate veins within the Con Shear System and as fine-grained euhedral kite shaped 

grains alon3 lare anastomosing cleavage dornains within laminated white mica schists 
b 

within refractory ore bodies of both the Con and Campbell Shears. Within free-milling 

ores arsenopyrite is rnainly associated with white mica schists selvaging veins and less 

frequent 1 y as an accessory sulphide internal to quartz veins . Arsenopyrite grains may 

host inclusions of gold. tetrahedrite. and galena. 

Arsenopyrite grains were analyzed with the electron microprobe and secondary ion 

mass spectrometer to determine zonation characteristics and gold concentrations. 

Variations in Fe. S. Ni. Co. As. and Au were investigated and the 1: 1 metal: ligand ratio 



Plate 1.5 Backscatter SEM images of Au-ennched arsenian pyrite. (A). ( B )  B8081. 102 

Zone. Low -4s poikiolitic core with broad A s - e ~ c h e d  rim domains. Points 8.9, and I O and 

associated cnters represent SIMS analytical points. Beam position was adjustrd to try and 

determine Au content in low As and high As domains, somr overlap was realised dur to 

large beam s i x .  Point 8 retumed gold values of 160 ppm with rlectron microprobe A s  

value of 3-44 wtO O: point 9 retumed a gold value of 180 ppm Au: point 1 O retumed a gold 

\-due of 68 ppm and an elçctron microprobe As content of 3.4 1 wt06. Good correlation 

exists between gold content and elevated As content of the pyrite &pin. 
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was satisfied for the data set. Arsenopyrite analyses fa11 within the solid solution field 

for natural arsenopyrite and representative analyses are listed in TabIe 4.6. 

Arsenopyrite grains hosted in quartz veins from the Con Shear lack consistent 

zonation patterns. Grains demonstrate M e  intrasample variation and are enriched in Co 

and Ni up to 0.5 al%. Zoned grains contain cores with low As (39.75 - 31.21 at!% As) 

and hieh S (38.66 - 35.75 atlc S). Rims are enriched in As (33.14 - 33.54 at% As) with 

correspondingly lower S (34.96 - 33.67 at% S)  (Figure 1.38). Grains with high-As rims 

are brecciated and associated with salena and may host inclusions of gold (samples C404- 

2.C4-1). Grains with subtle core-rim variations in As and S contents (C204-2) 

demonstrate As variations on the order of less than 1 at% As. Arsenopyrite grains hosted 

in quartz veins from the Con Shear did not demonstrate eold enrichment by of electron 

microprobe analyses and were not tested by the secondary ion mass spectromerer. 

Arsenopyrite hosted in Fe-carbonate. chlorite. paragonitic muscovite schists 

selvaging narrow quartz veins within the Con Shear demonstrate minor variations in As 

and S contents. Arsenic content varies frorn 30.53 to 32.49 at %. sulphur varies from 

36.18 to 35.55 arR. Gold may occur at arsenopyrite grain boundaries within these 

schists. no gold enrichment was noted with electron microprobe analyses and grains from 

these domains were not analyzed with the secondary ion mass spectrometer. 

Euhedral to subhedral arsenopyrites that occupy anastomosing foliation planes 

within auriferous schist of the Con Shear typically demonstrate core-rim variations in As. 

S and Au content. Zonation patterns consist of core domains with low-Aslhigh-S bounded 

by broader As-enriched rim zones, oscillatory growth larninae are not prevalenr. 

Arsenopyrite cores may be poikiolitic and host inclusions of tetrahedrite (Plate 4.6a). 



- .. 

TABLE 4.6 
ARSENOPYRITE MINERAL CHEMISTRY 

AS FE CO NI A U  S TOTAL AS FE CO NI AU S 
33 12XC AClC ASPY 45.11 34.51 0.15 0.17 0.07 2 1 . 6 8 1 0 1 . 6 8  31.66 32.49 0.13 0 .16 0.02 35.56 
331 2XC RIM 
3312XC 
33 12XC 
33207 LG ASPY GRAIN 
33207 LG ASPY 
33207 LG ASPY 
33207 LG ASPY 
33207 HOMO ASPY 
33207 SlMS PT 1 AT RIM 
33207 SlMS PT 4 AT RIM 
33207 SlMS PT 2 
33207 SIMS PT 3 AT RIM 
STP2 DK ZONE IN ASPY 
SAME GRAIN SLLY LTR 
STP 2 CR 4 BRT DOMAIN IN ASP' 
STP2 SlMS PT 1 0  
STP2 SlMS PT 1 1 
SlMS PT 11 BRT RIM 
STP2 SlMS PT 5 ASPY DK CORE 
STP2 SIMS PT 7 ASPY 
STP2 SlMS PT 8 ASPY 
B8090 
B8085-FL DK ZONE 
SLLY LTR 
LT RIM 
88085 SlMS PT 2 
88085 SlMS PT 9 
B8085 SlMS PT 6 
88085 
R09-239 LT CENTRE OF ASPY 
SLLY DKER TOWARD RIM 
R09-239 BRT APY W AU INC 
DK INTERIOR 
BRT RIM 
LT ASPY RIM 46.11 33.73 0.04 0.04 0.59 19.26 99.76 33.74 33.11 . .  0.03 0.16 32.93 



Figure 438 Con Shear lriarrow veins. Ternary plot of arsenopyrite chemical 
compositions. Box outlines field of arsenopyrire solid solution. 

Fe+Ni+Co As 
Figure 4.39 Rat Lake - Con Shear. Ternary plot of arsenopynte chemical 
compositions. Box outlines field of arsenopyrite solid solution. 
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Arsenic core contents are low relative to rims and some analyses fail outside of the 

accepted soiid solution field for nanirally occurring arsenopyrite. 

Arsenopyrites from the C33 Shear on 15level contain As and S values for cores 

thar range from 27 -9 1 to 30.67 at S As. 39.83 to 36.88 ar % S. Rims on arsenopyrite 

~ra ins  contain As and S values that range from 32.00 to 33.37 at% As. 35.58 to 34.15 
C 

at% S. Individual grains have As variations on the order of 4 at X As. 

Arsenopyrite from auriferous schists (R09-139) from the C4 Shear under Rat Lake 

demonstrate similar zonation patterns as noted above. Values for As and S in cores range 

from 25.65 to 31.14 at% As. 41.65 io 35.11 at% S (Figure 4.39). Cores are not 

enriched in Au as revealed by microprobe and SIMS analyses. Rims are As enriched and 

these As rich zones may host metallic inclusions of gold (Plate 4.6b). Microprobe 

analyses of As enriched rims indicates ranges in As. S. and Au of 33.83 to 31 -67 atlc 

As. with the rnajority of As values falling around 33 at '% As: 34-32 to 33 -83 at R S: and 

0. II to 0.28 at 5% Au. Secondary ion mass spectrometry was conducted on selected srains 

from R09-239 and reponed Au contents range from 70 to 1500 ppm Au ( 1  1 

determinations). T w i ~ i n g  of SIMS analytical points with electron microprobe analysis 

indicates a positive correlation of As and Au for arsenopyrite rims (Table 4.7: Plate 

3.6c.d). 

Arsenopyrite grains from Campbell Shear refrac~ory 102 and 103 Zone ores 

demonstrate similar zonation patterns as those found in the auriferous schists of the C34 

and C4 Shear segments of the Con Shear. Cores have As and S values ranging from 

27.89 to 30.82 atX As: 38.90 io 36.10 at% S. Rims on the same grains range in As 

from 33.22 to 31.89 atlc As and 32.89 to 34.99 at% S (Figure 4.40) . As determined 



Plate 4.6 Backscattrr SEM images of arsenopyrite. ( A )  R209-239. C 1  Shear. Con Shear. 

Low As. high S core zone with inclusions of wtrahednte rimmed by variably As -e~ched .  

S depleted. Au snriched rirn zones. ( B )  R209-139. Bright inclusions of hi& fineness 

native gold within AsAu-e~ched  domains. poikiolitic core zones are As-depleted and S- 

rich. (C) R109-239 Zoned arsenopyrite _grain with point 7 and point 8 representing SIMS 

anrilytical points. Point 7 retumed a gold value of 450 ppm fiom an analysis that ovrrlaps 

As-ennched and As-depletrd ponions of the _nain. Point 8 retumed a gold value of 850 

ppin from the rirn zone. Corresponding goold and arsenic values as detcxmined by electron 

microprobe are: 32.68 atOoAs. 0.75 wtOo Au (rim) and 30.71 w As and 0.1 1 wt7h Au (core). 

( D) R209-239. Zoned arsenopyrite c-tal. Points 9.10. and 1 1 represent SIMS analytical 

points. Corresponding SIMS gold values and electron microprobe gold and As values are: 

Point 9 100 ppm Au. 17.89 at% As. 0.00 wtOb As (core). 3 1.34 at?h As. 0 . 4  wt% Au (rim): 

Poinr 10. 800 pprn Au. 0.45 w - t * ~  Au. 3 1.34 at% As: Point 1 1. 105 ppm Au. 0.00 w-tO.6 Au. 

3O.-i 1 at0o As. ( E )  STP 2. Shallow 10 1 Zone fiee-milling ore. 3300 Level. Zoned 

arscnopyritc with low-As core (dk grey) and high As rims (bright). (F) Sample 27650. 

drep free-milling 101 Zone ore. Low As core (dk grey) with multiple high As low S 

laminar toward rirn of &min. Maximum As content of 35.81 ai% is greater than that of 

rcfractory schists. 





TABLE 4.7 

ARSENOPYRITE "INVISIBLE" GOLD CONTENT BY SlMS 

SAMPLE A u  SlMS 'Au PROBE SAMPLE Au SlMS 'Au PROBE 
(pprni WT% ippmI WT% 

33 12XC CR3-1 
CR3-2 
CR3-3 

CR6- 1 O 
CR6-7 1 
CR9-14 
CR9-15 

M A X  
MIN  

AVG 

M A X  
MIN 

AVG 

;33207 CR3-2 
CR3-3 
CR8-4 
CR5-5 

M A X  
MIN 

AVG 

8 8 0 8 5  CR5-8 
CR5-9 
CR5-9 

08085 CR7-2 
CR7-6 
CR7-9 
MAX 

M I N  
A V G  

6 8 0 9 0  CR7-22 
CR7-23 
CR7-24 

M A X  
M I N  

A V G  

CR4-10 
CR4-1 1 

M A X  
M I N  

A V G  

if  available C = Core R = Rlm ND = Not detected 



Figure 4.40 1 O3 and 1 02 Mineralisation. Temary plot of anenopyrite chemicai 
compositions. Box outlines field of arsenopyrite solid solution. 

Figure 4.41 1 0 1 Zone mineiaiisation. Temary plot of arsenopyrite chemical 
compositions. Box outlines field of arsenopyrite solid solution. 
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by secondary ion mass spectrometry gold content of As-enriched domains for 107 Zone 

arsenopyrite grains range from 3.5 to 1900 ppm Au (9 determinations). 

Shallow free-milling ores of the Campbell Shear also contain arsenopyrite as an 

important accessory sulphide. Homogeneous grains demonsrrate little variation in As and 

S content. 30.86 to 32.07 at 5% As and 34.77 35.89 at 5% S. Grains that are zoned (Plate 

4.6e) have a similar zonation patterns as arsenopyrite from refractory ores with As 

ranging from 26.59 to 32.28 at% As and sulphur varies from 34.10 to 39.67 at% S 

(Figure 4.4la). Enhanced Au concentrations ranging from 3 1 to 370 ppm Au (SIMS 

analysis. sample stp 2. 6 determinations) are associated with such As/S zoned 

arsenopyrite gains. 

Deep free-milling ores hosted within the Campbell shear contain arsenopyrite as 

an important accessory sulphide. Arsenopyrites may either be homogeneous in 

composition or have compiex oscillatory variation in As and S contents. As contents 

range from 29-61 to 29.89 at% As for low As domains to 32.45 to 33.19 at% As for As 

rich domains (5760M stope). Oscillatory growth zonation creates variation of As contents 

ranging from 28.67 at% As to 35.82 at% As within individual grains (Plate 4.6f. Figure 

4.4 1 b). 

4.2.7.3 Accessory Sulphides and Sulphosalts 

Sphalerite is present as an accessory sulphide phase in al1 ore types examined. A 

total of 20 individual samples were examined for variations in Zn. Fe. Cd. and Cu 

contents for a total of 59 analyses which are reported in Appendix. Sphalerite colouration 

varies within each ore zone and ore type and does not delineate any clear discernible 
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zonation pattern. Iron contents range from 14.1 mol 5% FeS to less than 0 . 3  mol X FeS. 

maximum CdS and CuS contents are 3.22 mol% and 0.96 mol% respectively. Inter- 

sample variations in composition are wide spread while there is little intra-sample 

compositional variation. Cadmium-rich (2.18 - 3 -22 mol 7c CdS) and iron-rich sphalerite 

in smokey grey to black quartz veins from the deep nonh free-milling ores are associated 

with Fe-Ni sulphides. chalcopyrite and pyrrhotite (Figure 4-42). Cd-enhanced sphaierite 

( >  0.5 mol% CdS) may occur in samples containing gold grains with sharp 

compositional variations in Au and Ag (upper 101 Zone free-milling ores) and/or Hg 

rnhanced gold grains ( 102 Zone refractory ores: Figure 4.43). W ithin shallow free- 

mil1 ing ores honey coloured low- Fe sphaleri te associated with Pb-Sb sulphosalts also 

demonstrate moderate Cd enrichment (0.38 to 0.5 mol 'KdS).  OveraIl sphalerite 

demonstrates a general increase in Fe content wirh depth within free-milling ores. Free- 

milling and refractory ores contain both Fe- poor and Fe-rich sphalerite grains. 

Pyrrhotite is restricted in distribution to free-rnilling ore within the 1011 100 Zones 

of the Campbell Shear. Pyrrhotite occurs as medium to fine srained disseminations and 

as coarse grained brecciated aggregates associated with galena. chalcopy rite. and 

sphalerite interna1 to quartz veins. The presence of pyrrhotite was not ncted in refractory 

Con Shear. 103. 102 or Ne, DUS ore zones. 

Accessory sulphosalt minerals occur in al1 ore types with the greatest abundance 

and occurrence within refractory ore bodies and upper free-milling zones. Boulangerite 

was anaiysed in a sample from the 102 Zone (3 136E) where ir occurs as large feathery 

crains in relict quartz carbonate domains. Boulangerite was also noted with other 
C 

sulphosalt rninerals. Jamesonite was analysed in three samples of Con Shear ores where 



CON SIIEAR 
A 102 ZONE 
103 ZONE 
SHALLOW 101 ZONE 

DEEP 101 ZONE 
DEEP NORTH 101 

80.0 85.0 90.0 95.0 100.0 
Z n S  mol  w 

Figure 4.42 Variation diagram of ZnS mol% versus CdS mol% for sphalerite in 
Con and Campbell Shears. 



* CON SHEAR 
* 102 ZONE 
103 ZONE 
SHALLOW 101 ZONE 
DEEP 101 ZONE 
DEEP NORTH 101 

80.0 85.0 90. O 95.0 100.0 
ZnS m o l  w 

Figure 4.43 Variation diagram of ZnS mol% versus FeS mol% for sphalente in 
Con and Campbell Shears. 
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it occurred as an inclusion in arsenopyrite (R09-139). as rims on Ag-tetrahedrite (C34- 

12L). or  as large bladed grains associated with dark red Fe-sphalerite (C276I2 - C39 

shear). Only minor variations in Fe content were noted between analyses. Bournonite 

occurs as inclusions in pyrite (33OOB). rims Ag-tetrahedrite (33OOb), associated with 

arsenopyrite (R09-239). or as discrete grains in g a n p e  (C4-1. 3 136A). 

Tetrahedrite is a particularly common accessory mineral within refractory ore 

bodies and upper free-milling ore lenses but less comrnonly so in deeper free-milling ores. 

Tetrahedrite occurs as inclusions within pyrite and arsenopyrite grains and as isolated 

orains in gangue. I t  is occasionally overgrown by bournonite. Tetrahedrite grains on 
L 

occasion do demonstrate zonation From more Ag and As rich zones interna1 to grains. 

The data set does demonstrate coupled variations in AgICu and As/Sb. The more As-rich 

and Ag-poor grains usually are associated with samples with fairly homogeneous goId 

grains. and tetrahedrite that occurs as inclusions within sulphides have low Ag contents. 
C 

4.2.8 Native Gold 

The mineral chemistry of gold grains was examined by eiectron microprobe for 

Au. Ag. and Hg contents for rach ore type. A total of 35 samples were examined. The 

native gold hosted in the Con and Campbell Shears is an arnalgam of gold. silver. and 

mercury in varying proportions and will be referred to as Au-Ag arnalgam. Gold and 

silver form a continuous solid solution spectrum with electrum occupying a compositional 

field from 20 to 40 wt % Ag. Represenrative analyses are provided in Table 4.8. Visible 

and rnicroscopic gold grains occur in varying habits cornmon to al1 ore types. Au-Ag 

amaleam may occur as free ga ins  in quartz or  carbonate. as inclusions within a sulphide 



TABLE 4.1 2 
GOLD MINERAL CHEMISTRY 

SAMPLE Au Ag Hg FINENES: 
C404-4 AU IN PY 94.64 5.1 6 0.73 100.53 948.3C 
C404-4 AU AT PY EDGE DK ZONE 
C404-4 LT ZONE IN AU 
C404-4 AU IN PY 
C4-20 IN FG CATA QTZ W MlCA 
C4-20 IN FG CATA QTZ W MlCA 
C4-20 IN FG CATA QTZ W MlCA 
3 136E 20x20 MICRON GRAIN 
3 1 36E 20x20 MICRON GRAIN 
3 136E 20x20 MICRON GRAIN 
3 1 9 1-4 NEGUS VN AUlN QTZ 
3 191 -4 FREE GRN IN QTZ 
AU ALONG SLlP 31 91 -4 
FR AU IN QTZ 3191-4 
FR AU IN QTZ 3 1 9 1 -4 
31 91 -1 0 VN ALTN W QTZ CARB 
3191-10 VN ALTN W QTZ CARB 
37 91-1 0 FG AU IN CARB 
3191-10 FG AU IN CAR8 
3191-10 FG AU IN CARB 
3191-3 NEG VN AU IN PY 
31 91-3 ALTN SEL TO NEG VN AU IN PY 
3191-3 AU AT EDGE OF PY W ASPY GR 
3100C FG AU IN QTZ VNLT 
31 000 CR 1 AU ALON SLIP 
33207C HOMO GOLD 
33006 CR 1 AU VAG ZONE 
33008 SLLY LTR 
33000 OK RIMMED BY AU > >AG W LOW 
33008 HlGH AG IN CT W PY 
33008 HlGH AG IN CT W PY 
33207C CR 3 AU AG RlCH ZONE 
3975M AU IN SLIP 
3975M AU IN SLlP 
g368M AU ENCAP IN PY 
t368M AU ENCAP IN PY 
v792ZH AU IN QTZ 
t997ZA AU IN QTZ 30 MIC GRN 
j168A AU AT PY GR6 EDGE 
j168A CR 1 AU IN PY 
j 173ST AU ASSOC W FRAC 
j360MC1 CR 1 AU AT MARGIN OF PY 
j360MC1 CR 1 AU AT MARGIN OF PY 
!7660 53204 
i557A1 AU IN QTZ 
i557A1 AU IN QTZ 
i760M LG AU ASSOC W GN 

0.25 96.80 
0.10 96.32 
0.44 99.57 
0.25 99.86 
0.20 99.54 
0.1 5 100.38 
1.40 97.41 
1.62 99.23 
1 - 5 9  99.15 
O.? 5 101.26 
0.18 97.81 
0.00 98.25 
0.21 7 00.32 
0.00 100.69 
0.00 99.09 
0.00 99.93 
0.00 98.29 
0.00 98.69 
0.00 98.90 
0.00 97.29 
0.00 97.44 
0.00 97.72 
0.20 99.1 5 
0.00 99.61 
0.1 9 100.03 
0.78 97.97 
0.34 98.20 
0.53 98.03 
0.70 100.08 
0.49 98.51 
0.00 96.93 
0.10 99.35 
0.16 99.34 
0.09 99.57 
0.09 99.57 
0.18 101.30 
0.05 99.73 
0.00 99.59 
0.00 101 .O0 
0.1 7 100.36 
0.00 99.1 6 
0.00 98.14 
0.02 99.48 
0.00 100.55 
0.00 99.1 8 
0.26 99.14 

i760M LG AU GRAIN 67.18 31.62 0.30 99.10 679.96 
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hosr. at sulphide grain boundaries. or along fractures within sulphides. AI1 grains 

examined contain Ag. the maximum Ag content determined is 76.4 wt 5% Ag. and the 

minimum is 6.18 wt lc Ag. Minor enrichments of mercury were determined in individual 

analyses with a maximum Hg content of 3 wt% from a refractory ore lens. Low totals 

were achieved for certain analyses due to die small grain size. porosity. and with grains 

occurring as inclusions in a sulphide host or along fractures. 

3.2.8.1 Con Shear Gold 

Discrete grains of gold hosted in pyrite (C404-4) and arsenopyrite (R209-239. 

C104-2) within the Con Shear have a higher fineness than grains sited along fractures. 

sulphide grain boundaries. or in a silicatekarbonate host. Gold grains occurring in 

brecciated. polygonalised quartz veins with advanced grain size reduction (Ca-30. C404- 

5 .-2. -4) have a lower fineness and lower Hg content than grains in moderately to weakly 

deforrned quartz carbonare veins (C4- 1. C34-EL). Intrasample and intragain variation 

is minor although intersampie variation is well developed (Figure 1.44a). Ag-enriched 

grains ( > 35 wt% Ag) occur at sulphide grain boundaries as discrete grains in contact - 
with other eold grains within sulphidic quartz carbonate veins that are moderately 

brecciated and polygonalised. 

4.2.8.2 Negus Veins 

Native sold grains occur both within the alteration selvages and interna1 to the 

Negus veins. Examination of gold grains from an exposure on 3 100L outlines a trend of 

eold enrichment. Agdepletion moving from selvage toward the central portion of the vein 
C 



Figure 1.46 Variation diagram of gold compositions for Au versus Ag in weight percent. 

( A )  (p.  235) Con Shear System 

(B) (p. 7 3 5 )  102 Zone and Negus vein on 3100 Level 

( C )  (p.  236) Shallow 101 Zone 

(D) (p.  236) Deep 101 Zone 
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(Fisure 4.44b). Grains of gold encapsulated in pyrite srains or associated with a quartz 

carbonate gangue within the alteration selvage have a lower finenrss than gold grains 

hosted within the quartz vein proper. 

4.2.8.3 Campbell Shear Gold 

A sample from the refractory 102 Zone containing gold grains associated with 

stibnite and Cd-enriched Fe-sphalerite widiin a lithon of vein material. Gold encapsulated 

within less deformed quartz lozenges and lithons have a lower fineness and elevated Hg 

contents in comparison to free gold grains in moderately deformed veins of the refractory 

103 Zone. 

Within Campbell Shear free-milling ores intra-sample variation in AdAg is lirnited 

with only several outliers. Intersample variation is well developed throughout the free- 

milling zones and is dependant on individual stoping trends and broad zonation throughout 

the mine (Figure 4.14c.d). Intra-sample variations in AulAg content with sharp 

compositional boundaries exist within three samples (33207.3300b. 5 168M). Silver rich 

domains rim low-Ag homogeneous core zones in 33207B.C. Ag-rich zones are mantled 

by homogeneous Au-rich rims in 33008. slivers of Ag-rich material are interleaved into 

homogeneous domains within 5 168M sample. The Ag-rich domains typically are enriched 

in mercury. 

Smoky grey. black. and pink coloured quartz carbonate veins tend to host gold 

grains with a higher fineness than white quartz vein systems. With increasing depth there 
C 

is an overall trend to lower fineness in individual samples and stoping trends (Figure 

4.45). 



W368M (P) 

Figure 4.45 Variation diagrarn for fineness versus approximate depth for deep fiee- milling 
ores o f  the 101 Zone. Stope name (i.e. 3975M) represents approximate vertical position 
within Campbell Shear. 



4.3  Geothermometers 

Several geothermometers based on mineral chernistry of individual minerals and 

CO-existing minera1 phases were utilised to detemine approxirnate ternperanires of gold 

deposition for refractory and free-milling ores types as well as to show whether vertical 

variations in temperatures existed within the deposit. 

4 3 . 1  Arsenopyrite Geothermornetry 

Kretschrnar and Scott (1976) demonstrate that the As concentration within 

arsenopy rites is temperature dependant. Based on correspondence of narural arsenopy rites 

compositions and experimentally determined limits a sliding scale geothermometer was 

constructed based on the atomic %As and the sulphur activity during ore formation. This 

oeothermometer has bren applied by other workers and has yielded anomaious results in - 
cornparison to other forms of remperature estimation. Sharp et al. (1985) conclude that 

application of the geothermorneter appears valid for deposits metamorphosed to 

oreenschisc and lower amphibolite facies but 
C 

metamorphosed to upper arnphibolite and grand 

temperature epithermal hydrothermal systems. 

For refractory ores the sulphur activity i 

y ield low temperatures for deposits 

ite facies. and is inconsistent for low- 

s established by a pyrite-arsenopyrite 

assemblage and for free-millins ores by an arsenopyrite-pyrite-pyrrhotite assemblage. 

Arsenopyrite from variably deformed quartz carbonate veins of the Con Shear rnay be 

zoned with respect to As and S and have a range in temperature of crystallization from 

less than 300°C to 487°C (Figure 4.46a). Arsenopyrite that contain invisible gold 

concentrations as determined by electron microprobe and secondary ion mass 
* 
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spectrornetry from refractory Con and Campbell Shear ores have core As contents that 

correspond to crystallization temperamres of less than 300°C and rims that correspond to 

a rance of crystallization temperanires from 4 12 to 494°C (Figure 4.46b). Arsenopyrite 

from free-rnilling ores of the Campbell Shear correspond to crystallization temperatures 

ranging from less than 300°C to 450°C (Figure 1.16b). Application of arsenopyritr 

~eothermometry suggests that refractory auriferous arsenopyrites crystallised at slightly 
C 

higher temperatures than arsenopy rite within free-rnilling ores. 

4.3.2 Chlorite Geothermometry 

Cathelineau and Nieva (1985) used the Al" content of chlorites and measured 

temperatures from drill holes in the Los Azufres geothemal field to construct a chlorite 

geothermometer based on increased Al" content with increasing temperature. Kranidiotis 

and Maclean ( 1987) modified the eeothermometer to correct for changes in FeiFe +Mg 

ratios and Jowett ( 1991) further corrected for Fe and Mg influences on Al" contents. 

Representative chlorite crystallization temperamres calculated from the geothermometers 

of Kraniditis and Maclean ( 1985) and Jowett ( 1991 ) are shown in Table 1.9. Calculated 

chlorite temperatures from free-millins veins of the Con Shear. 101 Zone of the Campbell 

Shear. and alteration peripheral to refractory ore zones are generally lower than 

temperatures associated with refractory schists of the Con and Campbell Shears. 

Chlorites within mineralised refractory lenses indicate higher temperatures than alteration 

envelopes . 

Temperatures calculated utilising the geothermometer of Jowett ( 199 1 ) most 

closely correspond to temperatures calculated by the arsenopyrite geothermometer. 



Si TETAL OCTAL AUAL+AL FM F m  X l M  KaM1987 
4.988 3.01 2 2988 0.502 1 .W 0.515 428 

102 -3136 
102 -3136 
103-392-79 
103-392-79 
103-J92-81 
103-392-81 
103-392-82 
! 03492-82 
3-RB-230 
3409 -230  
2- R09- 239 
3- Rû9- 239 
2 4 0 9 - 2 5 5  
2-RB-255 
2-125oL 
2-1250L 
2-C4W-5 
2-C4W-5 
310 SHEAR 
310 SHEAR 
34 NARROW 
34 NARROW 
339SHEAR 
;39sHm 
33207A 
33207A 
5173R 
373R 
53204 STOPE 
53204 STOE 
rn 
557R 
B6oM 
596OM 
59ôM 
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Temperatures calculated utilising the geothermorneter of Jowen (1991) most closely 

correspond to temperatures calculated by the arsenopyrite _geotherrnometer. Temperatures 

of crystallization for arsrnopynte and chlorite as determined by their respective 

~eothermometers botb indicate that the refractory ore lenses fomed at sliehtly greater 
C 

temperatures than free-milling quartz veins (Figure 4.47). Within free-milling Campbell 

Shear ores temperature variations are hetero_eeneously distributed with respect to depth 

likely due to the heterogenous distribution of quanz veining and associated gold 

mineralisation. 

4.4 Stable Isotope Geochemistry 

Sarnpfes of calcite and Fe-Mg carbonates from aiteration and aunferous zones of the 

Con Shear were extracted to examine variations in carbon and oxygen isotopes within 

refractory ore systems and to compare them with published data for free-milling ores from 

the Campbell Shear. The ratios of I3c to "C and 'b to 160 within carbonate rninerals are 

known to Vary systematically and to be sensitive to temperature. fluid composition. mineral- 

fluid fractionation. pH. and various other processes such as oxidation stare. phase 

separation and pressure. al1 of which will impact on fluid composition. 

A total of 29 determinations were conducted on 23 samples. Carbonates were 

extracted from alteration and ore lenses of refiactory ore zones associated with the C4 

Shear. In panicular. samples of calcite and ankente were separated across a rapid transition 

from buff green chlonte-calcite to buff grey green-ankente alteration on the hangingwall of 

the C4 Shear. 



. chlorite 
arsenopyrite 

Figure 4.47 Variation diagrarn for the range and average temperatures for various fkee- 
milling and rehctory zones as calculated by the arsenopyrite and chlorite geothermometers. 
Line connecrs chiorite and arsenopyrite average temperanirw. 
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Selected veinlet and alteration carbonate species were extracted frorn diarnond drill 

core and thin section slabs using a hieh speed. precision drill equipped with either a burr or 

diamond-tipped bit. The bit s i x  (1--mm) was appropriate to obtain the carbonate minerals 

without significant contamination from wallrocks and other gangue mineralogy. Samples 

were checked for mineralogical punty by powder X-ray diffraction using a Rigaku RTP 300 

RC rotating anode X-ray diffractomerer. Al1 sarnple preparation and isotopic analyses were 

conducted at the hboratory for Stable Isotope Snidies at the University of Western Ontario 

by the author under the supervision of P. Middlestead and F.J. Longstaffe. 

For isotopic analysis 10 to 15 mg samples were reacted with 100 5% onhophosphoric 

acid. Calcite samples were reacted at 25°C for twelve hours in evacuated tubes (McCrea. 

1950). ankente sarnples were reacted at 50°C for 18-24 hours in evacuated tubes. The 

rvolved CO2 was purified using cold traps at the appropriate temperatures to eliminate 

possible contamination from H 2 0  and SO,. Carbon and oxygen isotope data were obtained 

Gusing a DAAC-upgraded VG Micromass 602C mass spectrometer. and are reponed in the 

usual =notation relative to V-PDB (carbon) and V-SMOW (oxygen) in parts per thousand 

(1 ). Standards of the carbonate species as well as a calcite standard were analysed with 

each batch of samples mn. The standards utilised were WS 1 for calcite and DOLO 368 for 

ankerite. Maximum deviation from the average for standards is +/- 0.05°/~~ 6 ' ' ~  and + 1- 

O . O î O / ~ ~  $'O for WS 1 and +/- 0. 15ulbo 6% and +/- 0.18%0 6 ' ' ~  for DOLO 368. 

Dulpicates were mn for both calcite and ankerite species. maximum deviation from the 

average of duplicates is =/- O . S O / ~  6"0 and +/- 0.3Ok 613c for ankente and +/- 0.2960 

6% and +/- 0.1 6"~9ho  for calcite. 



4.4.1 Results 

The stable isotope results for calcite and ankerite are listed in Table 4.10 and 

illustrated in Figure 1.48. Calcite from arnydules in lower epidote amphibolite facies 

voicanic rocks FW to the Con Shear and within hairline weakiy bleached joints HW to the 

Con Shear have 6"0 values of 9.3Oh and 9.J0k. and S ' ~ C  values of -2.4%10 and -~.~O/OO 

respectively. Calcite occunhg as cernent in bleached HW joint breccias have 6 IX0  values 

of 9 . 8 % ~  and 9.1%00 and 6 ' ' ~  values of - 1.6O/00 and - 1 .% Calcite from weakiy foiiated 

chloritic schists HW to bleached zones and intensely bleached buff grey-green pervasively 

chlorite calcite alterrd domains in the immediate HW of the rnineralised system have &'O 

values of 9.3 Ohoto 10.& and 613c values of -3.8 %oto - 1 SO/'O. Calcite from FW chlonte 

carbonate schists have 6'*0 values of 9.6 P/OOO 10.0900 and 6 "C values of -1.5 to - 1 -9 .%O 

Ankents from intensely bleached buff gey-green penrasively ankerite-chlonte 

altered domains within 30 centirnetres of calcite dominated alteration have #'O values of 

25 .%O to 28.3°/n~ and S"C values of -1.1 Ohoto - 1 .8%. Ankerite from foiiated ankerite- 

chlorite-white mica schists that may be gold e ~ c h e d  and selvage auriferous zones have 

6% values of I2.99/00 to 24.6 O/&nd 6 " ~  values of -4.l0/00 to -2.7O/b0. Ankente from 

vein material within refractory auriferous quartz-carbonate-white mica schists have 6% 

values of 11.8 O/OO and 15.5 O/'O and 613c values of -5.2 %O and -3.3.O/~. 

The isotopic composition of the fluids were calculated utilising temperatures denved 

from the chlorite and arsenopynte geothermùmeters. Where possible. temperatures are 
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Figure 4.48 Carbon and oxygen isotope compositions of calcite and ankerite fiom 
alteration and rnineralised domains of the Con Shear. 
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matched directly for samples with both isotopic and minerai chemistry data. For those 

sample without chlorite geothermometer data. averages were calculated fron~ samples in the 

irnmediate viciniry. Fluid 6"0 and 6I3c compositions calculations are in the fom of 

10001nu = AT' + l3 where 1 M)Olnu is equivalent to Gmineral - Gfluid (Longstaffe. 1989): 

A and B are constants whose values have b e n  taken from existing literature. For the 

purpose of this snidy the am,,.,lud was calculated for %,.anud which takes the fom: 

CL,+,=( 1wf 6,)/( 1000f &) 

Fluid #'O and 6 " ~  compositions for calcite were calculated using the formulae 

derived by Friedman and O' Neil ( 1977) and Deines et al.. ( 1974). Fluid 8'0 values were 

calculated for dolomite using the formulae of Land (1983) after Sheppard and Schwarcz 

( 1970) and for ankerite utilisins formula of Dunon and Land (1985). Fluid 6 " ~  values 

calculated from ankerite and dolomite were calculated according to Deines et al.. t 1971) 

due to a lack of suitablr formula in the literanire. Utlilisation of a formula presented by 

Mumin ( 1991) and Mumin et al.. ( 1996) for calculation of fluid 613c values for adcerite in 

rquilibriurn with siderite generates fluid 6°C values approxirnately l0/"o lighter than 

calculations from Deines et al.. ( 1974). Fluid compositions are listed in Table 3.1 1 and 

shown on Figure 4.49. Averqe tluid 6"0 and 6°C values for HW calcite alteration are 

5.7 %and -2.1°/oo respectively: FW calcite-bearing schists have fluid compositions of 6 ' b  

and 6 " ~  values of 6.1°/00 and - 1 AO/m respectively . A sharp compositional gap occun 

between bleached pervasively altered ankerite beanng schists and weakly foliated chlorite- 

calcite alrered HW basalts. Average calculated fluid 6180 and 613c values are 20.09bo and 

-1.09~. Dunng C progressive developrnent of shear fabric. the fluid 6180 and 6 " ~  values 





AVG cc in buff altn . AVG ank in buff altn 
AVG cc in FA schist . ank in minz schist 

ank in vein 

Figure 4.49 Calculated carbon and oxygen isotope values for fluids associated with 
alteration and mineralisation. 
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becorne lower. Veinlet carbonate values have calculated fluid compositions of 9.1 to 5.4 

w'" and -1.3 to -1.2'-'/0 6 ' ' ~ .  



CHAPTER 5 

DISCUSSION 

5.1 Introduction 

The Con Mine is an Archean lode gold deposit sited on shear zones that transect 

1712-2680 Ma greensrone assemblages bordenne on 2634-2604 Ma plutonic complexes. 

Deformation on the host shears was Uiitiated at peak amphibolite facies metarnorphic 

conditions and continued until greenschist conditions prevailed within the mineralising 

system. The two distinct styles of gold rnineralisation (i .e. free-milling and refractory ores) 

occupy distinct spatial environments within the shear systerns. The nature of gold 

precipitation within retiactory "invisible gold" ore bodies and the texturai and mineralogical 

disparities between free metallic gold and invisible gold is discussed within the metarnorphic 

framework of the Yellowknife Greenstone Belt. Subsequently. the Yellowknife sening is 

compared to ùiat of oiher lode gold systems to demonstrate that it is an intermediate 

member in the Archean Iode ~ o l d  continuum. 

5.2 Prosrade Metamorphism and Retrograde Shearing 

No specific absoiute age may be anributed to the onset of deformation and 

retrograde alteration along the Campbell and Con Shear Systems. However qualitative age 

constraints may be applied ro bracket the timins of deformation. Contact proberade 

metamorphism overprinü the host Yellowknife Greenstone Belt assemblages at the 

irnmediate mine site. Amphibolite facies conditions prevail in the hangingwall of the Con 

Shear and epidote amphibolite conditions prevail in the shallow hangingwall of the 

Campbell Shear. 
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Al1 volcanic hosts were subjectrd to prograde metarnorphism during Defeat suite 

plutonism. Shear deformation of the Pud Stock (2634 Ma. lower Defear suite) and 

marginal phases of the Western Plutonic Cornplex (26 18-262 1 Ma. upper Defeat suite) and 

lack of shear deformat ion within the Stagg/Prosperous plutonic suite brac kets defomation 

and roid mineralisation as less than 2634 Ma and older than 2560 Ma. The presence of 

quartz-plagioclase-calcic amphibole veinlets within hangingwall and foonvall metavolcanic 

rocks of the Con Shear indicate fluid rnobility at peak metamorphic conditions. 

Preservation of catcic-amphibole schists within. along strike. and subparallel to retrogressed 

auriferous deformation zones indicates high strain ductile defomation was initiateci at near 

peak metamnrphic conditions: prior to lamprophyric dyke injections. 

Sheeted calc-alkaline larnprophyric dykrs have preserved magmatic amphibole 

assemblages that were not subject to prograde meüunorphism (Webb and Kemch. 1988: 

Webb. 1992: Strand. 1993). The injection of sheeted larnprophyric dykes and of a 

persistent lamprophyric diatreme along the outer margin of the Defeat thermal aureole may 

have played a critical role in creating zones of weakness for the Con and Campbell Shears. 

Lamprophyric dykes tap deep structural levels includins pre-Yellowknife Greenstone Belt 

basement t Nikic et al.. 1977). As witnessed by sheared diatreme dyke matenal on the 

2300 level of the Campbell Shear and occurrence of auriferous veins in defonned diatreme 

(Con Mine Staff personal communication. 1994) larnprophyre ma&matism preceded 

retrogression of de formation and mineralisation. The association of lamprophyre dy king 

and gold deposits has long b e n  recognised and utilised as an exploration tool (Boyle. 

1979). however the relationship of lamprophyre magmatisrn to the development of Au- 



2 5 5  

e ~ c h e d  fluidisation fronts still remains enigmatic (Rock and Groves. 1988: Kerrich and 

Wyman. 1990: Barron. 1996). 

The Con and Campbell Shean of the Con Mine are hosted within the contact 

merarnorphic aureole to the Western Plutonic Complex. The Yellowknife Greenstone Belt 

is approximately 20 kilornetres wide at the point where the gold endowment of the Con and 

Giant Systems is geatest and the deposits are sited within 2 kilometres of the granite- 

oreenstone contact. A perturbation of the regional distribution of isograds is created by a - 
comdor of anomalous plutonic activiry that separates the Con and Campbell Shears. 

Metarnorphic grade of irnmediate host rocks ranges from homblende amphibolite ro 

~reenschist facies. The deformation zones subparallel metarnorphic isograds and 
C 

mineralisation generally occurs ar the transition from arnphibolite to epidote amphibolite and 

greenschist rocks. Reverse movement along shear strands creates an inverted distribution of 

metarnorphic isograds. However. metamorphic grade increases with depth in both the HW 

and FW of shears to arnphibolite _onde below 5500 Level. 

5.3 Stable Isotope Geochemistry 

Kerrich (1987). Kemch and Fyfe (1987). Webb and Kerrich (1988). Kemch 

( 1989). Kyser and Kemch ( 1990). and Webb ( 1992) repon ranges for &"O and 6I3c 

values for alteration and vein calcite and ankente for the Con. Campbell. and Giant shears. 

No comprehensive data rables are supplied for the carbonate isotope data with these 

publications. Webb and Kemch (1988) provide average 61R0 values of 8.9%0 and 10.2O/00 

for ankerite and calcite res~ctively with a range of 7. l'ho to 16.0%; the 6% values 



range from O%o to - 6 O / w .  Ankente and calcite 6'*0 values from shallow portions of the 

Con and Campbell shran that are greater than 1 6 O k  are discounted as having b e n  

isotopically shifted due to interaction with surface waters or post-Archean brines (Kemch. 

1989: Kemch. 1990). The present study documents isotopic shifis of up to 18OL in 6180 

berween calcite and ankerite across distances of 30 to 60 centimetres. That only ankerite 

would be isotopically shifred relative to calcite seems implausible. It is more reasonable to 

accept that the 6IX0 values are representative of fluid variability during alteration and 

mineralisation. 

The large shifr in S"O values for calcite and ankente across narrow intervals of 

visually sirnilar alteration cannot be explained by a fluid of sirnilar compositions since this 

would require an temperature change of ereater than 300°C. This temperature change is 

unrealistic based on mineralog and temperatures obtained by chlorite geothermometry . 

The sharp rnineralogical boundary between calcite and ankerite represents a CO1 

metasomatic front within peripheral alteration of HW and FW volcanic rocks witb ankerite 

becoming stable with anendant increase in PCO,. Carbon isotope values for calcite 

alteration within wallrocks with low water-rock ratios are enriched relative to pervasive 

ankente-chlorite altered zones and ankerite dominant sheared and mineralised zones. The 

overall trend to lower 6% values may occur as a response to Rayleigh fractionation within 

the tluid phase as CO, is consumed a residual fluid is generated that precipitates 

progressively more depleted carbonate. The observed sharp boundary from calcite to 

ankente dominated alteration and presence of calcite within peripheral alteration zones is 

indicative of a progressive consumption of CO2 (Smith et al.. 1984; Kemch. 1989: Mumin 
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et al.. 1996 j .  Funher lowerine of the 6I3c values for more intensely mineralised zones 

and veins may refïect CO, immiscibiliry within these zones creating a fluid with still lower 

''c values. Oxygen values also decrease with increased water rock ratios and as 

deformation and rnineralisation increase in intensity. Removal of CO2 through Rayleigh 

1s distillation will generate a residual tluid depleted with respect to O and "C (Bowers. 

1 99 1 . Mumin et al.. 1 996). During progressive deformation and re-equ il ibration w ith the 

residual nuid focused along conduits ar slightly higher temperatures. the 6% and d 6 ' k  

values of carbonates become lower. This change reflects a mixing or re-equilibration 

benveen a fluid associated with early vein development and alteration and a subsequent 

depleted fluid enerated during progressive ductile shearing of a previous vein event . This 

shifi in isotopic signature of the fluid matches the observed progressive development of 

shear fabric and grain size reduction within pre-existing quam-carbonate vein material and 

the late introduction of auriferous arsenopyrite. 

Fluid compositions for Campbell Shear mineralisarion have k e n  reported by 

Kerrich ( 1987a) at 6IY0= + 6 . 8 9 ~ + / -  1 .O at temperanires rangin2 from 270 to 380°C. 

Data presented by Kemch and Fyfe (1987) report an average 6180 value for fluids 

associated with Con Shear ore and refractory ore of the 102 Zone on 2300 Level of 

8% =8%0 + /- 0.2 at a temperature of 466 +/- 30')C. Average 6''0 fluid compositions 

for carbonate data calculated for refractory ores from the current study range from +20960 

at temperatures of approximately 3 7 8 " ~  for HW alteration to auriferous zones. Average 

calculated 6% fluid compositions are + 12.8900 for mineralised schists and +9Okwi for 

quartz vein material at temperatures ranging from 385 to 4 1O0C. 
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Carbonate isotopes and calculated fluid compositions for refractory Con Shear ores 

are slightly isotopically heavier than values reponed for other Archean Iode gold systems 

but are similar to values reponed for Iode gold systems within the Motherlode District of 

California (Fipre 5.1 ). Fluids associated with free-milling gold deposition were lower in 

temperature and have 'b values lower than ore fluids associated with refractory ore lenses. 

5.4 White Mica Chemistry 

Grochemical trends in white mica chemistry best reflect the variations in the 

metallurgical propnies of different ore zones within the Con and Campbell shears. 

Destruction of plagioclase during deformation adjacent to refractoiy ore lenses liberated Na 

to the fluid. Depletion of Na by the fluid tlux is indicated by mass balance calculations. 

However complere loss of Na to the fluid does not occur as Na is presewed within 

paragonitic muscovites. That bulk Na addition is not required to stabilise paragonitic micas 

has ken  documented for the Hope Brook (Stewart. 1994) and San Antonio (Ames et al.. 

1 99 1 ) depos its. 

In al1 refractory ores exarnined. paragonitic mica defines a secondary micaceous 

foliation within shears associated with significant grain size reduction including cataclasis of 

auriferous quartz veins. These zones are characterised by increased carbonate content and 

significant CO2 metasomatism of aluminous assemblages. Ames et al. ( 199 1 ) suggest that 

paragonite is formed within aluminous rocks with progressive CO2 metasomarism. 

Stabilisation of paragonite requires a slightly greater activiry of sodium than potassium in 

the fluid. The restriction of paragonite to refractory ore lenses and their alteration 

envelopes is a manifestation of the progressive ductile deformation of a preexisting 



Figure 5.1 Carbon and oxygen isotope values for carbonates associated 
with goId mineralisation in the Motherlode District of California, 
the Timmins camp of Canada (T). the Hollinger Mine (H). and the 
Kalgoorlie district of Australia (K). From Taylor. 1987. Field of 
horizontal dashed lines represent calcite alteration from the 
haneingwall and footwall of the Con Shear. light stippled pattern 
represents hangingwall ankerite and ankerite from mineralised 
schists, dense stipple pattern represents ankerite from veins within 
the Con Shear. 
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feldspar-karing alteration assemblage. The resultant increase in activity of Na relative to K 

in the fluid preferentially stabilises paragonite over muscovite in the aluminous host. Free- 

rnilling ores are characterised by a lesser degree of ductile deformation. veins are generally 

folded and boundinaged as opposed to shear lamimced. Alteration adjacent ta fa-mil l ing 

ienses is albite-bearing and albite is afso present within the vein mineralogy. The activity of 

Na in the fluid phase does not surpass that of K and as a result muscovite and albite are the 

stable aluminosilicate mineral phases rather than paragonite. 

The occurrence of paragonitic micas in the Yellowknife gold camp is not just 

restricted to the productive refractory portions of the Campbell and Con Shears. Refractory 

ores are mined within the Giant System and aunferous zones have k e n  identified south of 

the Con Mine within shallow portions of the Campbell Shear at Yellorex. Samples frorn 

the Giant System and the southern strike extent of the Cameron zone beneath Fault Lake 

share textural characteristics with refractory ores at the Con Mine. White micas that define 

a micaceous foliation within aunferous samples from Giant and Fault Lake are paragonitic- 

muscovires (Figire 5.Za). Samples from the Yellorex portion of the Campbell Shear are 

also paragonitic (Figure 5.2b) suggestins that ores from this region will be refractory in 

nature and that a potential exists for free-rnilling ores to occur at depth wirhin this portion of 

the Campbell Shear. 

Documentation of white mica mineral chemistry data for Archean refractory ore 

bodies and the specific comection between paragonite and refractory lenses is Iimited w i t h  

the literature. However this relationship is likely more common than has been recognised. 

For instance the Campbell Mine and the Cochenour-Willans Mine in the Red Lake 

Greenstone belt of Northwestem Ontario both host refractory arsenopynte-rich gold ores 



Figure 5.2 White mica variation diagram of paragonite component versus octahedral 
aluminum. 

(a) white micas associated with gold mineralisation at the Giant Mine. Yellowknife. and 
immediately south of Giant Mine. 

(b) white micas associated with alteration and gold mineralisation at Yellorex. 

(c )  white micas associated with alteration and gold mineralisation at the Cochenour- 
Willans Gold Mine. Red Lake. Ontario. Data from Armstrong. 1989. 
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within sheared and retrogresseci domains with secondary micaceous foliation planes 

containin2 paragonitic micas (Figure 5 . 3 ~ .  Armstrong. 1989: Tamocai personal 

communication, 1997). 

5.5 Paragenesis of Refractory Gold Ores 

Refractory ore lenses of the Con Mine form planar zones that parallel the HW and 

FW of the encompassing shear zone. Free-rnilling ore zones have steeper dips than the 

encornpassing shear zone. are tvpically boudinaged and folded and have not k e n  subjected 

ro a through-going planar deformation event. With respect to the degree of deformation. 

the Sross distribution. variations in quam vein colouration. degree of selvage development. 

and vein mineralogy indicate episodic vein formation and heterogenous deformation within 

free-mil lins zones of the Campbell Shear. Timing relationships between free-rnilling and 

refractory zones are difficult ro discem due to lack of crosscuning relationships and of a 

continuum between ore zones. 

Free-milling veins record a history of episodic brinle vein formation and ductile 

deformation that is heterogeneously distributed along dip and strike within the reverse shear 

zone. Fluids associated with veins and attendant alteration have Na/K < 1 and cgreater 

sulphur activity as indicated by the ubiquitous association with pyrrhotite. Multiple vein 

forming events is compatible with a high fluid pressure regime and repeated fluid transport 

via seismic pumping (Sibson et al.. 1988). Gold occurs in irs native srate within sulphide. 

silicate. and carbonate gangue. A slight decrease in gold fmness occurs with depth. 

Sulphide-rich refractory ores are dominated by arsenopyrite. The aunferous 

arsenopyrite occurs as fine. euhedral acicular to kite shaped grains concentrated along 



continuous to semi-continuous foliation larninae. Pre-existin? auriferous quartz-carbonate 

veins are brecciated through progressive cataclasis resulting frorn ductile defonnation. 

Anastomosing micaceous laminae provide nucleation sites for auri ferous arsenopyrite ( Plate 

5 .  la). Carbonate nch portions of veins are preferentially defomed (Plate 5.1 b). Lithons 

of relativeiy undeformed pre-existe quartz-carbonate vein matenal host sulphides (pyrite. 

arsenian pyrite. sphalente). sulphosalts. and metallic gold (Plate 5.1 c). Arsenian pynte 

grains are brecciated. fractured. and abraded suggesting growrh during vein formation prior 

to late ductile defonnation. Anenian pyrite grains have corroded cores that are manifested 

by atoll-like textures (Fieet et al.. 1988: this study) that are inf3led with carbonate and sheet 

silicates. 

Both macroscopic (Plate 5. ld) and microscopie textures demonstrate that the 

refractory gold componenr was introduced during deformation of a pre-existing aunferous 

quartz-carbonate vein event. During progressive vein deformation Au. As. and S are 

remobilisrd andlor introduced into the mineralisin9 system (Figure 5.3). 

Both pyrite and arsenopyrite are mernbers of the disulphide group. The presence of 

anion pairs sets this group apan from other sulphide minerais. The pynte crystal structure 

is cubic with octahedrally coordinated metal atoms (Fe.Ni.Co) at the corners and face 

crnters of the cube unit ce11 (Vaughan and Craig. 1978). The pyrite structure is descnbed 

as AX, with a dianion of [s~J" translating into a pyrite formula of [F~]''[s,]?-. The 

arsenopyrite structure is described as AXY with a dianion of [ASS]~- translathg into an 

arsenopyrite formula of [F~]~'[ASS]~-.  The negative charges on the nonmetal dianions 

require that the metal ion have an equal positive charge to elirninate charge irnbalance 

(Wood and Strens. 1979). 



Plate 5.1 (A) Anastomosing paragonitic mica domain with arsenopyrite crystals. C4 

Shear. R209-245. XN. FOV 1.25m.m. (B) Carbonate rich portions of veins are 

preferentially deformed during ductile shearing . C4 Shear. Rat Lake. R209- 

255. XN. FOV. 1.2~m.m. (C) relict lithons of pre-existing vein material 

commonly host sulphide/sulphosalts. and locally gold. 102 Zone. 3 l36F. PPL. 

FOV 5mm. (D) Anastomosing laminae of fine grained arsenopyrite/white mica 

crosscutting light grey quanz vein material in footwall of ore zone. 2851 Stope. 

Campbell Mine. Red Lake. Ontario. 
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Substitution of arsenic into the pyrite structure will generate a charge imbalance as 

some of the dianions will take the form (ASS]? The incorporation of As into the pyrite 

structure results from a substitution of As for S (Fleet et al.. 1989; MacLean 1991: Fleet et 

al.. 1993) indicated by the inverse relationship between As and S creating a metastable 

phase Fe(S.As),. Incorporation of gold into the pyrite structure is associated with domains 

of arsenic enrichment but the relationship is no[ universal (MacLean. 1990: Griffin et al.. 

1991 : this study ). 

Several substitution schemes have k e n  devised for the incorporation of Au into 

arsenian pyrite grains. However the lack of universal positive correlation beween As and 

Au suggests that these schemes fail to properly identiQ the criteria for Au incorporation. 

Boyle ( 1979) suggested that gold rnay be incorporated into pyrite and arsenopyrite structures 

through solid solution and substitution for arsenic. That zold does not occur as colloidal 

inclusions has k e n  demonsuared by high resolution transmission electron rnicroscopy 

snidies and Mossbauer snidies (Wagner et al.. 1986: Cabn et al.. 1990: Marion et al.. 

1991 ). Machan (1991) suggests that the substitution of As for S in the pyrite structural 

will diston the octahedral ligand field and potentially allow incorporation of the Au arom 

into the structure. Cook and Chryssoulis (1990) sugeesr that the substitution of As into the 

structure will create a charge imbalance with the metal ion. This charge imbalance rnay be 

countered by the substitution of a trivalent cation such as AS'+. or  AU^' in place of the 

divalent iron cation. Fleet et al.. (1993) suggest that Au rnay occur as monoatomic ions or 

ionised clusten at sites of As-enrichment. This mode of gold enrichment does not require a 

coupled or cornbined double substitution of As for Fe and Au for Fe on the Fe site or a 

direct substitution of Au for Fe. Both electron microprobe data and secondary ion mass 
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spectrometry of anenian pyrite grains of the Con Mine reveal that high Au contents always 

occur with high As and the reverse is not tme. Similar relarionships have been identified 

for pyrite from die Fairview Mine (Fleet et al.. 1993). A positive correlation between As 

and Fe does not exist for pyrite grains at the Con Mine (Figure 5.4). 

Arsenopyrite p i n s  demonstrate a negative correlation of As and S from refractory 

and îke-milfing ores. Auriferous arsenopyrite grains from refractory ores demonstrate a 

posirive correlation of As and Au. Cabri et al. (1989) suggest that there is not a positive 

correlation of Au and As for arsenopyrites analysed from the Sheba Mine but do not report 

core-nm relationships from individual grains. Arsenopyrite grains from pyrite buffered 

refractory ores generally have maximum As contents of 33 at%: free-rnilling quartz veins 

and pyrrhotite buffered free-milling ores have maximum As contents of geater than 33 at7c 

As. This indicates that incorporation of Au into the arsenopyrite stxucture is attainable at As 

contents of 33 at% 4 s  within pyrite buffered systems. Similar As contents are reponed for 

auriferous arsenopyrite grains from Bogosu and Prestea mines (Mumin. 1994): Villeranges 

deposit (Marcoux et al.. 1989): Le Bourneix deposit (Touray et al.. 1989): and Campbell 

Mine. Red Lake Ontario (Tamocai. 1996). Based on hydrothermal synthesis of gold- 

bearing arsenopyrite Wu and Delbove (1989) sugsest that Au substitutes for Fe in the 

arsenopyrite structure at As contents of greater than 33 at% As from solutions with 

increased chloride activity. 

Several workers suggest that AU'+ wili substinite for ~ e j '  within the arsenopyrite 

structure (Wu and Delbove. 1989; Johan et al.. 1989; Cook and Chryssoulis. 1990). 

Cornpanson of electron microprobe and secondary ion mass spectrometry data from 

individual crystals of arsenopyrite from the refractory 102. 103 and C4 zones demonstrate a 
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Figure 5.4 Variation diagram for iron at% versus arsenic at% for pyrite from the con 
and Campbell Shears. 
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positive correlation of Au wirh As (Fi_mire 5.5). however this does not hold for grains with 

greater than 33 at% AS frorn pyrrhotite buffered mineralised zones. There is a subtle 
C 

enrichement of Au in arsenopyrites less than 33 at 5% Fe (Figure 5 -6) .  however. there is no 

linear correlation for Fe and As in arsenopyrite (Figure 5.7). Indications for colloidal 9old 

within arsenopy rite crystals was not evident during seconda. ion mass spectrometry 

analyrical runs. The presence of high fineness rnetallic gold inclusions within As-enriched 

domains of auriferous arsenopyrite lends support to the presence of ionised clusten of gold 

at sites of As-enrichment (Le. Fleet et al.. 1993). 

5.6 Archean Refractory Gold Ores 

The presence and mineralog ical descript ion of refractoq " invisible" sold ores 

occumng in Archean lode gold systems has been documented (Boyle. 1979). More recent 

studies have investigated the c~ystallographic site of invisible gold within host sulphide 

crains with linle attention awarded to the rnetamorphic setting of individual deposits (Fleet - 
et al.. 1988: Cabri et al.. 1989: MacLean. 1990: Cook and Chryssoulis. 1990: Fleet et al.. 

1 993: Tarnocai 1 996). Although more recent publications have recopised variances in 

refractory ore types relative to metamorphic environrnents (Neumayr et al.. 1993) most 

publications document refractory ores without complete characterisarion of both sulphide 

and gangue mineralogy (Salmita Mine. Ransom and Robb. 1985: Sheba Mine. Wagener 

and Wieeand. 1985: The New Conson Gold Mine. Voges. 1985: Fairview Mine. Wiggett 

et al.. 1985). The presence of refractory eold ores and associated suiphides within post- 

Archean deposits have k e n  documented in Proterozoic greenstone belts of western Afnca 

(Murnin. 1993: Murnin et al.. 1994): Paleozoic Iode gold deposits (Boiron. 1988: 



Figure 5.5 Variation diagram of arsenic wt % versus goid wt% for arsenopyrites from 
the Con and Campbell Shears. 

Figure 5.6 Variation diagrarn of iron at% versus gold at% for arsenopyrites from the 
Con and Campbell Shears. 

Figure 5.7 Variation diagram of iron at% versus arsenic at% for arsenopyrites from the 
Con and Campbell Shears. 
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Cathelineau et al.. 1988: Boiron et al.. 1989: Cathelineau et al.. 1989: Touray et al.. 1989: 

Wu et al.. 1990: Griffin et al.. 1991): and within Paleozoic sediment hosted Teniary-aged 

oold deposits (i-r. Carlin type: Arehan et al.. 1993). The above sited references describe 
Ci 

solid solution gold in both arsenopynte and arsenian pyrite mineral phases: which also host 

the refractory gold at the Con Mine. 

The Campbell Mine sited in the Red Lake Greenstone Belt of the Superior Province 

provides a close analogy to the Con Mine in Yel!owknife. Exposed supracmstal rocks of 

the greenstone belt within the prolific gold producine region is approximately 15 kilornetres 

in width perpendicular to bordering batholiths (Figure 5.8) .  Supracrustal evolution of the 

belt was prolonged (2992 to 2733 Ma) and is cornprised of a mixed sequence of komatiites. 

tholeiitic basalts with rninor intercalated felsic pyroclastics. Plutonic activity initiated 

shonly afier volcanism with intrusion of batholiths in the nonhem portion of the belt (273 1 

- 27 17 Ma) followed by intrusion of intra-belt stocks and plugs (2720-27 18 Ma) culminated 

with intrusion of large batholiths to the southeast and West (1700 Ma: Andrews et al.. 

1986). The Campbell Mine is locared within the thermal contact rnetarnorphic aureole of 

the Trout Lake BathoIith and within seven kilornetres of the granite-greenstone contact. 

The samet isopd. considered as the transition from greenschist to amphibolite facies 

condirions. passes subhorizontally through the mine workings (Andrews et al.. 1986: 

Tamocai. 1 996). Biotite-chlorite-Fe carbonate-plag ioclase retrogression associared with 

quartz carbonate veins in amphibolite facies ultramaficlmafic volcanic host rocks is 

comrnon. Sheared. iaminated. and brecciated quartz carbonate veins and replacement zones 

with high concentrations of menopyrite contrast to relatively sulphide p o r .  narrow. 

(brinle) gold-beanng veins. Arsenopyrite grains within rehctory ores may contain up to 
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Figure 5.8 General geology of the Red Lake Greenstone Belt. Note scale and width of 
ereenstone belt. From Andrews et al . ,  1986. 
C 



5600 pprn Au wirhin As-iich portions of g-ains. Pyrite may also demonstrate gold 

enrichment of up to 168 pprn Au (Tamocai. 1996). 

Refractory gold ores occur within gold deposirs situated in the 3.5 Ga Barberton 

Greenstone Belt of southern Africa. The Fairview. New Consort. and Sheba mines have 

produced approxirnately 66% of the greater than 7 million ounces produced from the 

Barbenon Greenstone Belt (Figure 5.9). These significant gold deposits are al1 located 

within six kilometres of the granite-greenstone contact (Anhaeusser. 1986). At the Fairview 

Mine refractory arsenopyrite and pyritic ore zones form concordant and discordant fncture 

systems within metagreywackes and shales. Quartz carbonate veins occur within 

conformably underlying talc-carbonate schists (Wiggtt et al.. 1986). At the Sheba mine 

refractory arsenopyrite rich zones occur within intensely altered mafic and ultramafic units 

and are preferentially assoc iated with quartz sencite schists where sulph ides impregnate 

brecciated mineralised veins (Wagener and Wiegand. 1986). Fleet et al. ( 1993) report gold 

contents for arsenian pyrites ranging from 0.3 to 1ûûû ppm from mineralisation at the 

Fairview M inr. Cabri et al.. ( 1989) report gold contents ranging from 440 to 1900 ppm for 

complex and chaotically As/S zoned arsenopyntes from the Sheba Mine. Other refractory 

ore bodies within the Barbenon Greenstone Belt southeast of the Sheba and Fairview mines 

have been described by Anhaeusser (1986) and de Ronde et al. (1988). Although detailed 

descriptions of pre-metasomatic metamorphic conditions and mineral assemblages are 

lac king for the Barberton deposits the close < 6 kilometre proximity of deposits suggests a 

regional contact thermal metamorphic environment for these deposits. 







5.7 Surnmary 

The Con Mine represents a prime example of an Archean shear zone hosted Iode 

gold quartz vein system. Onset of plutonism and heat generated by early Defeat phase 

plutonism (circa 1631 Ma) initiated prosrade regional contact metarnorphism. Evidence for 

fluid mobility during initial shear development is preserved as brinle. sharp walled quartz- 

plagioclase-amphibole veinlets within amphibolire facies volcanic rocks in the hanginzwall 

and footwall of the Con Shear. Activation of regional shear systems occurred at near perak 

conditions and lamprophyric dy ke injection utilised these zones near the outer lùnits of the 

Defeat thermal aureoie. Continued intrusive activity ( 2 6 2 0 - 7 0  Ma) generated voluminous 

fluid by devolatilisation within the thermal aureole. 

Refracrory arsenopyrite bearing ores of the Con and Campbell Shears are 

charactrrised by ductile sheanng of pre-existing auriferous quanz carbonate vein systems: 

rhus indicating early brinle. late ductile evolution of these zones. Geochemical signatures of 

alteration and ore minera1 assernbla~es indicate refractory minerakation occurred during 

tluid flux with high CO2 partial pressures. Breakdown of early albite resulted in fluids with 

a sodium activity greater than potassium activity resulting in stabilisation of paragonite. 

Native gold occurs in sulphide and silicate gangue and solid solution gold occurs in As- 

enriched zones of arsenopyrite and more locally widiin broad As-e~ched  domains of 

pyrite. Refractory systems thus have a lower sulphur activity than free-milling ores as 

shown by the lack pymhotite. A schematic diagram (Figure 5.10) summaries the 

relationship between free-milling and refractory ores within the Con Mine p l d  system and 

the relative physical and mineralogical variances between ore types. Refractory and free- 
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Figure 5.10 Schematic diagrarn of the Campbell Shear Zone. Drawing outlines physical 
separation of the free-milling and refractory ore bodies and their relationship to the main 
deformation zone. 
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milling ores occur within different struciunl senings of the long-lived deformarion zones: 

protracted retrograde fluid evolution occurred within the environs of an inverted eeothermal 

gradient. 
b 



CHAPTER 6 

CONCLUSIONS 

6.1 The Archean Gold Continuum 

Recopition of a range in conditions for formation of Archean Iode gold deposits at 

different cmstal levels from fluids with similar characteristics has led to the proposa1 of a 

cmstal continuum for these large hydrothermal systems (Mueller and Groves. 199 1 : Groves 

et al.. 1992: Groves. 1993: Ridley et al.. 1996: Hagemann and Brown. 1996). ïhis 

continuum is here modified to incorporate the occurrence of refractoly ores. which to date 

have been by and large ignored within Archean metallogeny. The proposed continuum is 

subdivided into 3 broad categories: 1 ) amphibolite gold in an upper amphibolite to lower 

eranulite facies host. 2 )  greenschist gold in amphibolite facies host. and 3) greenschisr gold - 
in greenschist to sub-greenschist facies environrnents. A schematic cartoon ( Fisure 6.1 ) 

outlines the crusral scale variations in Archean Iode gold systerns and the various host rock 

and depth relationships. A summary of deposits that span the continuum is provided in 

Table 6.1. 

Considerable debate exists regardin2 the thin9 of mineralisarion relative to 

metamorphism for gold deposits located in upper arnphibolite to lower granulite facies host 

rocks. Early pre-metamorphic gold deposition with subsequent metarnorphism (Kuhn et 

al.. 1986: Johnson. 1996). synrnetarnorphic gold deposition (Couture and Guha. 1990: 

Bamicoat et al.. 199 1 : Neumayr et al.. 1993: and Neumayr et al.. 1995). and post-peak 

memorphic gold deposit ion (Pan and Fleet . 1992). 
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TABLE 6.1 
ARCHEAN GOLD CONTINUUM 

Au HABIT Au MINEiULS COMMENT LPHISJI 
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Figure 6.1 Scliematic cartoon of the Archean crustal gold continuum. 
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Such deposits are situated in narrow highly metamorphosed and anenuated 

rzreenstone belts. Examples of these deposits include the Ulu Deposit. Hi$ Lake - 
Greenstone M t .  Slave Province. Canada (Carpenter. 1994). Mt. York District. Pilbara 

Craton and Griffin's Find. Yilgarn Craton (Bamicoat et al.. 1991 : Neumayr et al.. 1993: 

Neumayr et al.. 1995: Mueller and Groves. 1991). LMineralisation associated with these 

deposits does not display significant wallrock retrogression and is dominated by an 

arsenopyrite-lollingite sulphide mineral assemblage. Mineralisation occurs at peak 

metarnorphic conditions. lacks carbonate alteration and is associated with biotite-amphibole. 

quartz-calc silicate alteration. Arsenopynte rims and replaces lollingite. arping against 

metarnorphism of a pre-existing mineral assemblage which would have led to de- 

sulphidation reactions and lollingite rimming arsenopyrite (Bamicoat et ai.. 199 l .  Neumayr 

et al.. 1993: Carpenter. 1994). Lollingite is the host to any significant refractory "invisible 

gold" component (Neumayr et al.. 1993). Metallic gold is preferentially located at - 
lollingite-arsenopyrite grain boundaties and the arsenopyrite is interpreted to form under 

slightly retrograde conditions ( < 500°C) but at temperatures too preat to allow incorporation 

of Au into the arsenopyrite structure (Neumayr et al.. 1993: Carpenter. 1994). Recognition 

of this style of mineralisation and exploration for these deposits within higher metamorphic 

rank greenstone terranes is well advanced in Ausrralia. but Iimited within Canada. Gold 

mineralisation is suggested to have occurred concurrently with widespread thermal 

reworking of the lower cmst at upper amphiboiite to granulite facies metamorphism (Win. 

1991: Kent et al.. 1996). 

Greenschist facies -Id deposits within arnphiboiite host rocks occur within 

deformation zones that transect contact thermal metarnorphic aureoles of large plutonic 
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complexes. These deposits typically occur within 25-35 kilometre widr greenstone belts. 

The Con Mine. Slave Province: Campbell Mine. Supenor Province: and mines of the 

Barbenon Greenstone BeIt al1 share the same metarnorphic environment. Free-milling 

metallic gold occun within brinleductile quam-carbonate veins with a pyrite-pyrrhotite- 

arsenopy rite assemblage. Refractory arsenopyrite-rich ores are charactensed by a more 

aluminous alteration assemblage and are di~tin~mished by continued deformation of pre- 

existing quartz carbonate vein sysrems. The degree of wallrock retrogression and 

greenschist facies mineral assemblages contrast to the higher metarnorphic grade of host - 
rocks. indicatine a history of prolonged retrograde fluid flux during deformation. Texrural 

and geochemical differences of refractory ores indicates a deformation and fluid evolution 

history that contrasts with free-milling ores hosted within the sarne defortnation zones. The 

metamorphic srade of host rocks. degree of retrogression. nature of eold deposition. and 

structural style of mineralisation sets refractory gold ore bodies apan from refractory/free 

milling amphibolite facies and free rnilling greenschist facies deposits. 

Greenschist gold hosted in greenschist to subgreenschist host rocks fom a large 

zroup of deposits well documented within Canadian gold literature and include the most 
L 

prodigious gold camps of Canada (Tirnrnins. Kirkland Lake. and Val'dor camps. Abitibi 

Greenstone Belt). Deposits are siniated in aenally large greenstone belts with low grade 

regional metamorphism and are characterised by extensive alteration haloes. readily 

observable adjacent to veins (Fyon and Crocket. 1982: Robert and Brown. 1986: Kishida 

and Kerrich. 1987: Moritz and Crocket. 1991). These deposits are characterised by the 

universality of free-milling metallic gold ores hosted within brittle quartz carbonate vein 

systems and alteration zones with pyrite as the dominant Fe-sulphide mineral phase. Gold 



rnineralisation within greenschist t e r n e s  with lower eeothermal gradients allows for fluid 

evoiution and retrogession at ambient metamorphic conditions. 

i-iagernam and Brown ( 1996) compiled seobarometric data from available fluid 

inclusion studies for Archean lode eold deposits. This compilation indicates that inferred 

cmstal depths of mineralisation dispiay a depth continuum that is compatible with observed 

ore. alteration. and rnetarnorphic mineral assernbla~es. Pressure estimates for the Con 

Mine ( 2 0 0  to 250 MPa: Kerrich and Fyfe. 1987) and the Campbell Mine (300 Mpa. 

Tamocai. 1996) place refractory gold systems as mesozonal deposits at a position that 

straddles shallow epizonal free-miiling systems from structurally deeper mesozonal deposits. 

6.2 Recornrnendations 

Determination of the rnetamorphic grade of host rocks and degree of retrogression 

within the deformation zones provides information regarding anricipated styles of 

defornation. alteration haloes. quartz vein developrnent. gold mineralisation type. and 

variations in sulphide content and assembla~es. Although hieh grade rnetarnorphic 

oreenstone terranes are candidates to host goid rnineralisation Canadian exploration effons 
b 

have traditionally avoided these environrnents. High geothermal conditions within these 

deep amphibolite/granulite facies metamorphic environrnents generates a focused fluid flow 

with minimal wallrock retrogression. Prolonged re-activation of deformation systems 

within contact metarnorphic environrnents resuits in formation of cornplex retrograde 

aunferous sulph-arsenide assemblages. Refractory ores within these environments are 

characterised by a paraeonitic muscovite sheet silicate assemblage. b w e r  geothennal 



conditions in greenschist to subgreenschist environrnents allows for widespread wallrock 

alteration and tluid evolution at ambient memorphic conditions. Recognition of the 

continuum in deposits type and their associated variations in metarnorphic grade and degree 

of retrogression provides a usehl unifying exploration model. 

The association of parasonitic micas with refractory ores in the Yeliowknife camp is 

an association that has neither k e n  recognised nor documented within other gold camps. 

Utilisation of white mica mineral chemistiy in the Yellowknife camp provides immediate 

information reearding the metallurgical propenies of the ore and may provide indications of 

where within the shear zone more free-milling ores rnay be sought. Documentation of 

white mica variability within other refractory systerns would not only provide support for 

the paraeonite-refractory sold association in Archean deposits documented herein but also 

retine an application that may assist in exploration for gold in mesothermal contact 

metamorphic environments. 

Funher research is warranted on several key areas of Con Mine geoiogy. The 

tirnine of calc-aikaline lamprophyre dyking relative to Defeat phase plutonism and ore 

mineralisation is an outstanding problem. Absolute age dating of these dykes and a fuller 

unders~nding of their regional extent and relationship to gold is a prime topic for further 

snidy. Examination of fluid inclusions from vanous free-rnilling stoping trends combined 

with carefUl snidy of fluid inclusion data from refractory veins would shed hirther light on 

the chemistry of the fluid systerns involved. 

6.3 Conclusions 



The important conclusions which have b e n  reached in this snidy are: 

( 1 )  The gold mineralisation is concentrated within the thermal aureole to Defeat 

phase plutonism (2634-2W Ma). Inverted isograds marginal to the intmsion were 

stmcntrally activated at near peak metarnorphic conditions. 

( 2 )  The outer margins of the thermal aureole was injected by larnprophyre dykes 

whose relationship to fluid evolution still remains enigmatic. 

(3) The Con and Campbell Shears both host free-rnilling and refractory gold ores. 

(4) There is no physical continuum between free-milling and refractory ores. 

( 5 )  Free-milling ores are charactensed by a muscovite-chlorite-calcite-albite-pyrite- 

pyrrhotite-native eold assemblage associated with folded and boudinaged quartz veins. 

Gold-bearing veins formed at temperatures of less than 375°C. from fluids with Na/K C 1. 

6% of approxirnately 6.8Oh0. 

(6) Refractory ore zones are charactensed by a paragonitic muscovite-Al chlontr- 

FelMg carbonate-arsenopyrite-pyrite assemblage associated with progressive planar 

deformation of pre-existing quartz-carbonate veins. Refractory "invisible" gold occurs as 

structurally bound eold in A s - e ~ c h e d  rirns of AslS zoned arsenopyrite and locaily within 

As-enriched domains of pyrite. Calculated temperatures of quartz vein mineralisation are 

300320°C. and fluids are characterised by Na/K > I . and 6180 and 6 ' ' ~  values of 9. 1°h. 

and -2.27°/'00. 

(7) In cornparison to other Archean lode gold deposits the Con Mine represents an 

upper-intermediate member of a crustal continuum that includes deep-seated 

ennulite/amphibolite. retrograde amphibolite. and shallow greenschist hosted deposits . 
C 
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Refractory gold minttralisation is typifed by greenschist mineral assemblages within 

deformation zones transecting amphibolite facies supracrustal assemblages. 
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Electron Microprobe 

Electron microprobe analyses rvere done on a IEOL JXA-8600 electron microprobe 

equipped with four wavelength spectrometers and electron backscaner capabilities housed in 

the Depanment of Emh Sciences. University of Western Ontario. R.L. Bamett and D. 

Kingston of the Electron Microprobe Laboratory conducted the caiibration. schedule set-up. 

and standard selection. Fo llowing calibration. the author analvsed silicates and carbonates frcm 

the various samples. Sulphides were probed both by the author and the technicai suppon s t ~  

Quantitative corrections for atomic number, absorption and fluorescence effects were 

perfonned with a Tracor Nonhem ZAF correction prog~-am. 

Silicate measurements were conducted at 1 5 kV with a beam current (cup reading) of 

10 nanoamperes using natural mineral standards calibrated on kaersutite. Sulphide analvses 

rvere conducted at 20 kV with a beam current (cup reading) of 20 n.4 iising the following 

creneous standards: for arsenopyrite Fe. As. and S were calibrated on ASP 200 a natural homo, 

arsenopyrite from the Lucie pit of the Helen siderite mine near Wawa Ontario. for pyrite Fe 

and S were calibrated on a natunl homoeeneous pyrite: Ni was caiibrated on synthetic NiS. Co 

was calibrated on pure Co. Au was calibrated on a pure gold standard. Trace element analyses 

(Co. Ni. Au) were done ~vith a bearn current of ?O nA and a counting time of 40 seconds with 

the backgrounds on. gold analyses were determined utilising the A d  line for pyrite and 

arsenopyrite. 

A C.4MECA IMS-3f ion microprobe housed at Surface Science Western was used to 

quantitatively determine the *Id concentration of arsenopynte and pyrite. The measurements 
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were made with a cesium beam of 3040 nA while monitoring negative secondary ions. 

Selecred grains were analvzed with a primary beam diameter of approximately 25-30 microns; 

minimum detection Iimits for arsenopyrite and pyrite are approximatelv O. i ppm andysis tirne 

ranged fiom 3 to 5 minutes Details conceming operating conditions and standardization 

techniques are outlined below and in Chryssoulis et al.. ( 1987). Chryssoulis et al.. ( 1989). and 

Cook and Chqssoulis. ( 1990). Analyses were conducted bv Chris Weisner and Gary Mount of 

Science Western in the presence of the author. 

Prima? Beani Seconda- Beam 

polanty 

high voltage 

rast er 

currenf 

beam 

positive 

IO KC' 

O 

3040 nA 

Cs 

polarity negat ive 

high voltage 43OOV 

offset voltage 200V 

transfer optics 1 SOnm 

Contrast aperture 4 (largest ) 

enerLy ~kindow open ( 13OeV) 

detector EM 

Gold was quantified using ex--emal standardization utilising Au ion implanted pyrite and 

arsenopyrite with doses of 5u 10'-' at/cm2. implanted at 600 KeV The area under the intensity 

vei-sus depth curve was calculated and a sensitivity factor (SF) was found so that the 

concentration versus depth area would produte a dose of 5s10'-' at/cm2. A relative sensitiwty 

factor (RSF) was found by referencing the sensitivity factor to a matrix intensity ( m a s  34. S; 

Wilson et al.. 1989). 
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Individual ion microprobe spot analvses were labelled on elearon microprobe 

backscatter photographs to provide documentation of probed domains. Ion microprobed spots 

were further checked with an optical microscope and some were examined in SEM and 

backscatter mode on the electron microprobe to ensure that the proper domains (Le. .&-rich, 

.As-poor) had been analvzed and to collect hrther data on As and Au zonation patterns. The 

SLMS beam (25-30 microns) was larger than some domains of As enrichment within 

arsenopyite and pyrite gains and therefore the gold values reported reflect regions of variable 

.WAu enrichment. 
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