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Abstract 

The Kay claim group, in northwestern B r i t i s h Columbia, i s 

underlain by a succession of volcanic and vo l c an i c l a s t i c rocks of the 

upper d i v i s i on of the Jurass ic Hazel ton Group, dominantly r h y o l i t i c 

flows or domes and re lated pyroclast ics formed under marine condit ions. 

A younger i n t ru s i ve body related to the Skeena Intrusions and 

cons ist ing of granodior ite porphyry, underlies a small portion of 

the thes is area. 

Volcanogenic minera l i zat ion, s t r a t i g r aph i c a l l y and s t r uc tu ra l ! 

con t ro l l ed , occurs in two modes in the thesis area; (1) massive sulphides 

predominantly galena, sphaler ite and pyr i te and (2) stockwork sulphides, 

mainly spha ler i te and galena with varying amounts of jamesonite, 

tetrahedr i te and polybas ite. 

The s t y l e and composition of the sulphide minera l i za t ion , 

coupled with the overa l l geologic se t t i ng , suggest that v a l i d 

comparisons may be made with lead- r i ch massive sulphide deposits of 

the Japanese "Kuroko-type" and those of the Bathurst D i s t r i c t of 

New Brunswick. 
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INTRODUCTION 

SCOPE AND PURPOSE 

The Kay claim group, in northwestern B r i t i s h Columbia 

(Fig. 1), i s underlain by a succession of eugeosynclinal volcanic 

flows and vo l can i c l a s t i c rocks of the upper d i v i s i on of the Hazel ton 

Group. The property was mapped by the author during the summer of 

1975 fo r Texasgulf, Inc. The occurrence of sulphide minera l i zat ion 

with in a volcano-sedimentary stratigraphy prompted laboratory study 

to determine: 

1) l i tho logy of units defined, 

2) environment of deposition of the s t r a t a , 

3) occurrence and composition of m inera l i za t ion , and 

4) paragenesis and environment of ore deposit ion. 

LOCATION AND ACCESS 

The Kay claim group (Fig. 2) i s about 80 km north-northwest 

of Stewart, B r i t i s h Columbia, and l i e s on the east slope of the Prout 

Plateau about 4 km east of Tom MacKay Lake, between the Unuk and Iskut 

Rivers. Access to the property i s by hel icopter from Stewart or points 

along the Stewart-Cassiar Highway. Alternate routes would be by f l o a t 

equipped fixed-wing a i r c r a f t to Tom MacKay Lake and by "Cat" t r a i l to 

the property. Ice on the lake un t i l l a te July or ear ly August l im i t s 

the usefulness of th i s route. 

Mandy (1932) reported that in 1902 some 64 km of wagon road 

were bu i l t along the Unuk River. The va l ley of th i s r i v e r was the 

f i r s t access route to the general area, but th i s route i s impassible 

today. 
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4. 

PHYSIOGRAPHY 

The property l i e s within the so-ca l led "Boundary Ranges" 

sub-div is ion of the Coast Ranges as defined by Bostock (1970). In 

d e t a i l , the property i s located on the northeastern edge of the Prout 

Plateau, which Mandy (1934) described as a sparsely timbered, indented 

and ridged te r ra in which trends north-south. This plateau i s about 

9.5 km wide and 12 km long and ranges in elevation from about 950 to 

1200 m. 

Within the thesis area, the topography slopes to the north­

east. Alpine g lac ia t i on has modified the land surface to give a 

steep hummocky appearance, with some c l i f f s l o c a l l y reaching 100 m in 

rel i e f . 

CLIMATE AND VEGETATION 

The Prout Plateau occurs near the border between the West 

Coast Marine and Northern I n te r io r c l imat ic regions of B r i t i s h 

Columbia. Most of the weather systems or ig inate o f f the coast and must 

r i se above high topography in the area, resu l t ing in heavy r a i n f a l l . 

Thus, the property probably receives in excess of 500 cm of p rec ip i ta t i on 

every year. 

Winters in the area are long and severe and summers tend to 

be cool and r e l a t i v e l y short. The summers are characterized by mist 

and d r i z z le with rare c lea r , warm days. August i s the best month for 

good weather and, therefore, for doing f i e l d work. 



PLATE 1 Top: View south of Kay property showing t yp i ca l hummocky 
topography. John Peaks in background. 

Bottom: Portal of ad i t in r hyo l i t e brecc ia . 
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Below 950 m elevat ion, the area i s in the sub-alpine forest 

b i o t i c region; above, i t i s in the alpine b i o t i c region. Spruce, 

balsam f i r , hemlock and ground alder, as well as many other shrubs 

and bushes, are common in the sub-alpine forest region. The f l o r a of 

the alpine region varies from stunted conifers at i t s base to short 

grasses and heather in i t s upper regions. 

HISTORY 

Prospectors have worked in the general area since the late 

1800*5, when placer gold was found at the junct ion of the Unuk and 

South Unuk Rivers. The f i r s t geologist in the area was D'Arcy 

MacDonald who submitted a b r i e f report in 1903 (Mandy, 1929). Since 

that time, the region has received l imi ted study by the Geological 

Survey of Canada and the B r i t i s h Columbia Department of Mines because 

of i t s r e l a t i ve i naces sab i l i t y . 0. T. Mandy (1932) produced the only 

geological sketch map of the area. 

The property had an active history of exp lorat ion, by various 

in te res t s , since i t s discovery in 1932 by T.S. MacKay and associates, 

(B.C.M.M. Annual Reports: 1933, p. A51; 1934, pp. B30-B33; 1935, pp. B9, 

B27; 1939, p. 65; 1946, p. 85; 1953, pp. 87-89 & f i g . 4; 1963, p. 10; 

1964, p. 20; 1965, p. 44; 1967, p. 30; 1970, pp. 64-65; 1971, p. 63). 

This work included a to ta l of 320 m of underground work in two ad i t s , 

a few thousand metres of diamond d r i l l i n g , much surface trenching. A 

shipment, in 1971, of 1.5 tonnes of s i l v e r ' o re ' y ie lded 8.5 g gold, 

6,800 g s i l v e r , 29 kg lead and 42.6 kg z inc. 
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REGIONAL GEOLOGY 

GENERAL STATEMENT 

The Kay claim group is about 25 km east of the eastern margin 

of the Coast C ry s ta l l i ne Complex near the western edge of the Bowser 

Basin and, therefore, i s within the Intermontane tectonic be l t s . The 

regional geology surrounding the property has recently been compiled at 

a scale of 1:1,000,000 by A.V. Okulitch (1974). The thesis area l i e s 

within a northwesterly trending belt of Lower Mesozoic eugeosynclinal 

sedimentary and vo l can i c l a s t i c rocks, which pa ra l l e l s regional fo ld ing 

and f au l t i ng of the Canadian Co rd i l l e r a . 

Paleontologic and l i t h o l o g i c evidence presented in th i s 

thesis indicates that the rocks with in the thesis area are cor re la t i ve 

with part of the upper d iv i s ion of the Hazelton Group (Tipper, H., 

1976, pers. comm.) and are intruded by g r an i t i c plutons of the Skeena 

Complex of probable Jurass ic age (Grove, 1971, F ig . 1). Consequently, 

in order to understand the geological se t t ing of the property a synthesis 

of the strat igraphy of the Hazelton Group, as ada'pted by the author, 

is presented below. 

HAZELTON GROUP 

The Hazelton Group consists of a sequence of volcanic and 

vo l can i c l a s t i c sedimentary rocks with a t o ta l thickness of more than 

3000 m. These rocks are exposed on the property in a northeasterly 

trending 3.5 km wide band. Generally, the s t ra ta dip to the northwest 

40 to 60 degrees; dips are complicated l o c a l l y by f au l t i n g . 
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Confusion ex i s t s over nomenclature and s pec i f i c ages of 

Mesozoic units in northwestern B r i t i s h Columbia. Hanson (1935), work­

ing in the Portland Canal area (Fig. 3), used the name Hazelton Group 

to describe a t h i c k , apparently conformable, package that included 

sedimentary and igneous, pr imar i ly vo lcanic, d i v i s i on s . On the basis 

of f o s s i l evidence he considered th i s group to be mainly Jurass ic to 

Cretaceous in age. 

Tipper (1959) studied Mesozoic beds in the Nechako River area 

(Fig. 3) and defined the l i t h o l o g i c character i s t i c s and age of the Takla 

and Hazelton Groups. The Takla Group was subdivided into two uni ts , a 

th ick ( > 1500 m) volcanic unit characterized by augite porphyry and 

th ick ( > 1000 m) red bed unit. He assigned an age of Late T r i a s s i c to 

Early Jurass ic f o r th i s group on f o s s i l evidence. The Hazelton Group 

was divided into three units : 

1) the chert pebble conglomerate unit (of unknown thickness but 
up to 500 m), characterized by basal chert pebble conglomerate 
but comprised of greater than 50 percent andes i t ic and 
ba sa l t i c flows with related tu f f s and brecc ias, 

2) the Middle Jurass ic unit (up to 1600 m t h i c k ) , pr imar i ly a 
marine sedimentary unit with some inter layered andesite - . 
rhyo l i te flow rocks, breccias and t u f f s , and 

3) the Upper Jurass ic unit (< 250 m), cons ist ing of interbedded 
black calcareous shales and argi l laceous limestones. 

The above units of the Hazelton Group, therefore, varied in age from 

ea r l i e s t Middle Jurass ic to early Upper Jurass ic . 

The Takla project , undertaken in 1975 by the Geological 

Survey of Canada, redefined the Hazelton Group and l im i ted i t s age, in 

the McConnell Creek map area (Fig. 3), from Lower Jurass ic to lower Middle 



F i g . 3 Distribution of Lower & Middle Jurassic volcanic rocks in British Columbia and south 
eastern Alaska. Numbers define areas referred to in text: (1) Thesis area. (2) Portland 
Canal area, (3) Nechako River area, (4) McConnell Creek area, (5) Treaty Creek area. 
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Jurass ic on the basis of b iostrat igraphic evidence (Geo!. Surv. Can., 

1975; Tipper, H., 1975, pers. comm.). The Hazelton Group (Table 1) i s 

divided by Richards (1976) into a lower non-marine volcanic and 

vo l can i c l a s t i c unit ( > 1000 m in thickness) and an upper marine volcanic 

and sedimentary unit (> 500 m in thickness). The marine volcanic and 

sedimentary unit consists of four s t rat ig raph ic assemblages; from oldest 

to youngest these are: 

1) a upper Sinemurian to lower PIiensbachian (Lower Jurass ic) 
sedimentary assemblage of greywacke, a r g i l l i t e , limestone 
and minor amounts of red t u f f , 

2) a lower PIiensbachian to lower Toarcian (middle Lower Jurass ic) 
assemblage of well bedded greywacke s i l t s t o n e , a r i g l l i t e , 
a c i d i c t u f f , limy a r g i l l i t e and minor amounts of basa l t i c 
b recc ia , 

3) a middle to upper Toarcian (early Middle Jurass ic ) assemblage 
of black a r g i l l i t e , s i l t s tone and t u f f , and 

4) an uppermost Toarcian to Bajocian (Middle Jurass ic ) assemblage 
of fe ldspath ic greywacke, s i l t s t one , a r g i l l i t e , ash f a l l 
tuffaceous rocks and tuffaceous sedimentary rocks. 

Rocks of s im i l a r age and l i tho logy to th i s upper marine volcanic 

and sedimentary unit crop out within the thesis area and w i l l be described 

in deta i l on succeeding pages. These rocks resemble c lo se ly s t rata 

described by Kirkham (1963) near Treaty Creek, some 20 km east of the 

thesis area (Fig. 3). 

SKEENA INTRUSIONS 

The Skeena plutons (Grove, 1971) are small in t rus ive bodies of 

variable age, occurring mainly within but l o c a l l y outside the Bowser basin. 

These plutons, of widely varying form, range in composition from quartz 

d i o r i t e to granite, and from d io r i te to syenite. 
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TA3LE_J_ 

Formations from HcConnell Creek 

Map A r e a 5 

ERA PERIOD 
FORMATION 

(thickness) CHARACTER 

LATE 
JURASSIC (?) 

Skeena 
Intrusions 

quartz monzonite, granite, 
granodior i te, d i o r i t e , 
monzonite, syenite. 

LOWER 
MIDDLE 
JURASSIC 

to 
LOWER 
JURASSIC 

Upper d i v i s i on 
of Hazelton 
Group 
( 500 m) 

Marine a r g i l l i t e , s i l t s t o n e , 
greywacke, sandstone, t u f f , 
tuffaceous sedimentary rocks, 
volcanic flow rocks, breccia, 
pi 1 low basalt. 

MESOZOIC 
LOWER 
JURASSIC 

Lower 
d i v i s i on of 
Hazel ton 
Group 
( 1 ,000 m) 

Nonmarine, red basalt to 
rhyo l i t e c a l c - a l ka l i ne 
volcanic rocks, volcanic 
fragment conglomerate, 
sandstone, t u f f , breccia. 

UNCONFORMITY 

LATE 
TRIASSIC 

Takla Group Assorted volcanic and 
vo l can i c l a s t i c sedimentary 
rocks. 

a compiled from Monger (1976) and Tipper (1976) 
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STRATIGRAPHY 

The s t ra t i g raph ic sequence of volcanic and vo l c an i c l a s t i c 

rocks, on the Kay claim group, i s exposed as a series of northeasterly 

trending ridges. Dips are moderate to the northwest and the e f fec t i s 

to produce cuestas with northerly facing dip slopes and precipitous 

c l i f f s on the southerly facing slopes. This cha rac te r i s t i c has been 

enhanced further by alpine g l ac i a t i on . 

Volcanic and vo l can i c l a s t i c rocks in the thesis area make up 

a thickness in excess of 1000 m of what have been interpreted, by the 

author, as upper d i v i s i on Hazelton Group (upper Lower Jurass ic to Middle 

Ju ra s s i c ) . Intrusive rocks were interpreted as part of the Skeena 

Intrusions (Late Jurass ic ? ) . The upper d iv i s ion Hazelton Group rocks 

consist predominantly of l i g h t grey acid volcanic flows or domes, 

varied py roc la s t i c rocks and some sedimentary s t ra ta . 

In the thesis area, the upper d iv i s ion Hazelton Group has 

been div ided, on the basis of l i tho logy and textures, into four major 

units each cons ist ing of one or more mappable rock types. The 

s t r a t i g r aph i ca l l y lowest unit observed i s a thick ( > 600 m) p i l e of 

volcanic fragmental rocks (Fig. 5, Unit 1). This unit was only b r i e f l y 

examined in the f i e l d ; only the uppermost rock types are described in 

d e t a i l . The upper part of th i s unit consists of c rys ta l t u f f s , l a p i l l i -
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stones, and agglomerates believed to be acid in composition. The nature 

of the base of the unit i s unknown, but the top apparently represents 

an unconformity. The s t rata were intruded by a granodiorite plug 

or stock which l o c a l l y metamorphosed the t u f f s to produce i r regu la r 

quar tz -a lb i te hornfels zones up to 20 m in apparent width (Fig. 5, Unit l b ) . 

Overlying th i s unit i s a predominantly sedimentary package 

(approximately 130 m th ick) comprised of three mappable rock subunits. 

The age of these s t ra ta was determined to be lower Jurass ic (Table 2) 

from two f o s s i l assemblages co l lected near the contact with the under­

l y ing unit. A pr imar i l y a r g i l l i t e subunit (Fig. 5, Unit 2a) i s abundant 

throughout th i s package and i s observed both s t r a t i g r aph i c a l l y above 

and below the other two subunits. The a r g i l l i t e s are black, well bedded, 

f i s s i l e rocks with interbeds of tuffaceous sandstone and occasional ly 

pebble conglomerate beds which exh ib i t graded bedding. Near the base, 

the s t rata contain numerous rounded calcareous concretions up to 15 m 

in diameter. 

Contained within the a r g i l l i t e s t ra ta i s a rhyo l i te breccia 

body (Fig. 5, Unit 2b) approximately 60 m in thickness, composed of 

l i g h t grey angular r h y o l i t i c fragments in a dark grey s i l i ceous and 

p y r i t i c matrix. Lateral extent of th i s body i s unknown to the southwest, 

but i t terminates to the northeast with in the thesis area. 

1 The author has adopted Walker's (unpublished) system of c l a s s i f i c a t i o n 
(Fig. 4) in naming the d i f fe rent pyroc las t i c rocks encountered. 
This system i s the basis fo r a standard system of terminology at 
the Kidd Creek mine near Timmins, Ontario. Grain s ize l im i t s adopted 
are those defined by Wentworth and Williams (1932). 



TABLE 2 

Ages 5 o f F o s s i l C o l l e c t i o n s from  

the Kay p roper ty 

LITHOLOGIC FOSSIL AGE REMARKS 
UNIT IDENTIFICATION PERIOD STAGE 

4 Stephanoceras, sp. MIDDLE 
JURASSIC 

MIDDLE 
BAJ0CIAN 

Foss i l ident­
i f i c a t i o n based 
on an ammonite 
co l lected in 
1974 by 
R.J. Goldie 

2a (Paltarpi tes^ sp. LOWER 
JURASSIC 

UPPER 
PLIENSBACHIAN 

Foss i l ident­
i f i c a t i o n based 
on ammonites 
co l lected by 
author in 1975. 

2a Weyla, sp. LOWER 
OURA.SSIC 

TOARCIAN 
to 

HETTANGIAN 

Foss i l ident­
i f i c a t i o n based 
on b i o c l a s t i c 
bed containing 
the pect in ; 
co l lected by the 
author in 1975. 

a Ages determined by Dr. H.W. Tipper of the 
Geological Survey of Canada (Vancouver). 
Foss i l s are retained by Dr. Tipper. 
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M. Jur. 

UNCONFORMITY 

L.Jur. 

U N C O N F O R M T Y 

gronodiori te porphyry 

bosalt ic ( ? ) pillow lavas, hyaloclasfiles, minor 
mudstone interbeds. Locolly thin {0 -3m) bonded mudstone 

4 o diabase dyke - probable feeders for unit 4 

3e brecciated rhyolite 

3d massive banded rhyolite-rhyodacite flows or domes of 
several horizons 

3 c rhyolite breccia-pyritic, siliceous-includes minor amounts of 
tuff; encloses units 3d and 3e 

3b green to black tuffaceous lopillistone and lapilli tuff 

3a 

2 c 

2b 

S 

pale green lithic tuff or tuffaceous wocke, minor 
conglomerate lenses 

green tuffaceous wacke; conglomerate at base same 
lopil l istone 

rhyolite breccia 

orgiliite with interbedded tuffaceous sandstone, minor amounts 
of tuff; calcareous concretions at base 

acid to intermediate crystal tuffs, lopillistone, agglomerate 
and Intercalated marine sedimentary rocks 

la hornfels at contact with unit 5 

B hand specimen and thin section location 

fossils - for details see Tab le 2 

V E R T I C A L S C A L E H 3 0 0 0 

sw NE 
0 50 (00 ISO 200 mstrt* 
modif ied from P s a t f i t f d , 1973 

Fig. 5 

STRATIGRAPHIC COLUMN FOR 
ROCKS ON THE KAY CLAIM GROUP 

NORTHWEST BRITISH COLUMBIA 
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Pale green tuffaceous sandstone (Fig. 5, Unit 2c), up to 

140 m in thickness, l i e s conformably within the a r g i l l i t e s . The base 

of th i s subunit consists of a cobble conglomerate from 4 to 10 m 

thick which contains scattered exot ic fragments of pink cherty rock 

and many cobbles of ac id t u f f rocks. The re lat ionsh ip of the con­

glomerate to the rhyo l i t e breccia i s unknown. 

The top of the sedimentary unit i s a r b i t r a r i l y taken as the 

top of the uppermost a r g i l l i t e beds and i s ove r l a in , apparently con­

formably, by an acid volcanic unit consist ing of t u f f s , breccias, and 

flows or domes. This unit i s sub-divided into f i ve mappable rock types 

dist inguished by textures and c la s t s i ze . The lowermost rock type i s 

a pale green l i t h i c t u f f or tuffaceous wacke (F ig. 5, Unit 3a) which 

c losely resembles the tuffaceous sandstone in the underlying unit 

(Fig. 5, Unit 2c). However, i t over l ies the a r g i l l i t e and has no 

marked conglomerate beds at the base. The rock i s a l i t h i c t u f f with 

f lattened glass shards and occasional 5 mm s i l i ceous fragments set in 

a tuffaceous matrix. Some quartz grains and feldspar crysta l s are 

evident and the matrix was probably glassy but has since d e v i t r i f i e d . 

The thickness of th i s subunit varies but averages about 45 m. 

The l i t h i c t u f f grades upward into a th in (approximately 15 m) 

green to black tuffaceous l a p i l l i s t o n e and l a p i l l i t u f f subunit (Fig. 5, 

Unit 3b) of l im i ted l a t e r a l extent. These rocks contain dark wispy 

volcanic fragments, some black s i l i ceous a r g i l l i t e chips and sparse 

angular f e l s i c volcanic fragments. Loca l ly , the rock i s coarse 

enough to be termed an agglomerate. 
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S t r a t i graphica l ly above the l a p i l l i t u f f s i s a large 

heterogeneous subunit of rhyo l i te (?) breccia (F ig. 5, Unit 3c) with 

some th in beds of f ine t u f f . These rocks are d i f f i c u l t to separate from 

the massive r h y o l i t i c rocks (Fig. 5, Unit 3d) because they are strongly 

s i l i c i f i e d and often bleached on the weathered surface. The rhyo l i te 

breccias contain l i g h t grey angular fragments in a dark grey matrix; 

fragment s i ze varies from 5 mm to greater than 8 cm. The tu f f s are 

t y p i c a l l y grey to black, well banded, with sparse angular fragments 

and abundant f i ne grained disseminated py r i t e . 

Within the rhyo l i te breccias are bodies of massive r h y o l i t i c 

rock. As stated e a r l i e r these rocks are hard to d i s t ingu i sh in the 

f i e l d . The massive r h y o l i t i c rocks are usual ly banded, very s i l i ceous 

and generally free of phenocrysts. In some areas to the west (Fig. 10) 

the massive r h y o l i t i c rocks have been brecciated on a large scale 

and contain 'stockworks ' of polymetal l ic sulphide ve in le t s . These 

brecciated zones often contain large blocks (up to 20 m) of unbrecciated, 

banded r h y o l i t i c rocks and were mapped as a separate subunit (Fig. 5, Unit 

3e). 

Unconformably overlying the acid volcanic unit i s an undivided 

package of basa l t i c p i l l ow lavas, p i l low breccias or hya loc la s t i te s , 

and associated th in mudstone beds (Fig. 5, Unit 4). Local ly the base 

of the package i s composed of 1 to 3 m of t h i n l y banded mudstone. 

Cross-cutting most of the rocks of the acid volcanic unit are 

dark green, f ine grained diabase dykes (Fig. 5, Unit 4a), which are 

probably feeders for the mafic volcanic rocks of Unit 4 (Fig. 5 and 10). 
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Near the eastern boundary of the thesis area i s a large 

outcrop of pale grey, medium grained, granodiorite porphyry (Fig. 5, 

Unit 5) which contains abundant 3 to 4 mm feldspar phenocrysts. This 

in t rus i ve represents a plug or stock of Skeena Intrusive. 

STRUCTURE 

The volcanic and vo l can i c l a s t i c rocks make up a simple s t r a t i -

graphic sequence with beds dipping northwesterly 45 to 75 degrees. 

Steeper a t t i tudes , where they occur, are interpreted as o r i g i na l dips 

on the edges or ends of acid flows or domes. Banding in the massive 

r h y o l i t i c rocks i s somewhat i r regu la r but th i s i s interpreted as an 

o r i g ina l deposit ional feature. 

Folding i s of minor importance within the thesis area. Such 

small folds as occur are generally drag folds associated with f au l t s . 

A l o c a l i z ed but strong, nearly ve r t i c a l s ch i s to s i t y or 

f o l i a t i o n i s developed, pa ra l l e l to the regional trend of the rock units. 

A few f a u l t s , as shown on the geologic map (Fig. 10), have minor 

o f f set s . 

PETROLOGY 

Thin section examination, espec ia l ly of the extrusive and 

pyroc las t i c rocks, aided in i d en t i f i c a t i o n and nomenclature for the 

rock types described in deta i l on the fol lowing pages. 
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Upper Hazelton Group Rocks 

Feldspar crystal t u f f (Unit 1) 

Feldspar crystal t u f f i s characterized by euhedral and broken laths 

of plagioclase ranging from 0.1 mm to 0.75 mm, comprising 35 

percent of the rock. The plagioclase has been a l b i t i z e d , with 

c a l c i t e and ch lo r i t e forming cores in many a l b i t e laths and 

ch l o r i t e out l in ing r e l i c zoning in some of the a l b i t e c ry s ta l s . 

The very f ine grained matrix makes up 40 to 45 percent of the 

rock and consists predominantly of d e v i t r i f i e d glass dust, weakly 

to moderately replaced by c h l o r i t e . 

Quartz-a lb ite hornfels (Unit la ) 

Quartz-a lb i te hornfels i s a very f ine grained dark grey rock 

formed by contact metamorphism of the lower t u f f unit (Fig. 5, 

Unit 1) by the granodiorite in t rus ion. This rock i s granoblast ic, 

consist ing of anhedral quartz grains (from 0.05 mm to 0.3 mm in 

diameter), anhedral to subhedral a l b i t e laths up to 0.5 mm long 

and minor amounts of completely c h l o r i t i z e d b i o t i t e (?). 

Pyr i te i s ubiquitous as f ine 'dust 1 and euhedral cubes (up to 0.5 mm 

across) that are rimmed by iron oxides. A lb i te i s often rimmed 

by pyr i te . 

Rhyolite breccia (Unit 2b) 

Rhyolite breccia i s l i g h t grey and consists of f ine grained f rag­

ments (from less than 5 mm to greater than 1 cm in diameter) in 
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a dark grey p y r i t i c matrix. The fragments are microporphyr it ic 

with a l b i t e phenocrysts (0.1 mm to 0.75 mm long), a f te r p lag ioc lase, 

making up 30 to 40 percent of the fragments. Ch lor i te out l ines 

zones in a l tered plagioclase grains. 

The breccia matrix consists of 34 percent indeterminable mater ia l , 

25 percent c h l o r i t e , 15 to 20 percent a l b i t e l a th s , 10 to 15 per­

cent anhedral quartz grains, 6 percent s e r i c i t e and 2 to 5 percent 

subhedral to euhedral pyr i te grains. P r o p y l i l i z a t i o n of th i s rock 

i s strong to moderate. 

Dac i t i c l i t h i c t u f f (Unit 3a) 

Dac i t i c l i t h i c t u f f i s comprised of 45 to 50 percent l i t h i c 

fragments in a f ine grained c h l o r i t e - s e r i c i t e a l tered matrix. 

L i t h i c fragments are made up mainly of accessory angular t u f f 

fragments, with some accidental a r g i l l i t e chips and minor 

amounts of d e v i t r i f i e d glass fragments. The rock contains 5 to 

10 percent euhedral and subhedral crysta l s of a l b i t e , orthoclase 

and composite anhedral grains of quartz. 

Rhyodacite (Unit 3d) 

Rhyodacite i s microporphyr it ic with quartz, plagioclase and ortho­

clase phenocrysts (0.08 mm to 0.25 mm in diameter) making up 42 

percent of the rock. Orthoclase occurs as weakly to moderately 

s e r i c i t i z e d anhedral grains and comprise 16 percent of the rock. 
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A lb i te laths make up 8 percent of the thin sect ion, are unzoned, 

euhedral to subhedral and weakly to moderately a l tered to ch lo r i te 

and s e r i c i t e . Quartz occurs as anhedral grains, up to 0.08 mm 

in diameter or c lots of anhedral grains, up to 0.25 mm in d i a ­

meter. Matrix makes up 58 percent of the rock and consists of 

quartz, fe ldspar, c h l o r i t e , se rc i te and py r i te . 

Basa l t i c p i l l ow breccia (Unit 4) 

Basa l t i c p i l l ow breccia i s a dark greenish-grey aphanit ic rock 

which occurs both as p i l l ow lava and p i l low brecc ia. The texture 

i s s p i l i t i c with subradiating mic ro l i te s of a l b i t e , ranging from 

less than 0.1 mm to 0.5 mm in length, making 54 percent of the 

rock. Groundmass consists of c a l c i t e , ch l o r i t e and d e v i t r i f i e d 

glass. 

Augite diabase (Unit 4a) 

Augite diabase contains cha rac te r i s t i c oph i t i c augite crysta l s 

(greater than 2 mm in diameter) which make up 15 percent of the 

rock. Augite i s weakly to strongly replaced by ch l o r i t e and 

c a l c i t e . Small euhedral laths of a l b i t e (0.1 mm to 0.35 mm in 

length) are contained with in the augite crysta ls and also occur 

in the groundmass. A l b i t e laths make up 48 percent of the rock 
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and are ' d i r t y ' with inclusions of augite and very f ine d i s ­

seminations of unknown mater ia l . Matrix consists of i n te r se r ta l 

c h l o r i t e , c a l c i t e and penninite. 

Skeena Intrusive (Unit 5) 

Granodiorite porphyry i s characterized by 36 percent euhedral to 

subhedral grains of plagioclase (up to 1 mm long), ranging in 

composition from An2^ to An^Q and p a r t i a l l y to completely replaced 

by c h l o r i t e - s e r i c i t e . Zoning i s rare and when observed i s usually 

r e l i c with c h l o r i t e out l in ing the zones. 

Orthoclase, occurring as subhedral grains up to 1 mm in diameter, 

makes up 8 percent of the rock and i s l o c a l l y a l tered to s e r i c i t e . 

Quartz occurs as corroded anhedral grains up to 0.3 mm in diameter 

and makes up 11 percent of the rock. Mafic constituents in the 

rock have been completely replaced by ch l o r i t e with pyr i te 

rimming the r e l i c c ry s ta l s . A l l of the above are set in a f ine 

grained quartz-feldspar matrix comprising 29 percent of the rock. 
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ENVIRONMENT OF DEPOSITION 

Upper Hazelton Group s t r a t a , t y p i c a l l y marine according to 

Richards (1976), are represented in the thesis area pr imar i ly by 

py roc la s t i c rocks. Graded bedding observed within some of the pyro-

c l a s t i c rocks i s a further ind icat ion of subaqueous deposit ion. These 

graded beds are poorly sorted and do not exh ib i t the doubly-graded 

charac te r i s t i c s described by Fiske and Matsuda (1964) as being evidence 

of deep water deposition. Cross-bedding, r ipp le marks, or cut and f i l l 

structures cha rac te r i s t i c of shallow marine environments were not 

observed in the thesis area. 

McBirney (1963), considering factors governing the nature 

of submarine volcanism, states that the depth at which explosive 

eruptions can occur i s pr imar i ly a function of the water content of the 

magma and, therefore, ash formation i s un l i ke ly at depths greater than 

500 m for basalts with greater depths for rhyo l i te only i f the water 

content i s greatly enriched (eg. 2000 m with 3 percent water content). 

Therefore, the tuffaceous nature of some of the volcanic rocks, plus 

marine f o s s i l s from a n e r i t i c water environment, are c r i t e r i a 

suggesting that the s t rata examined were deposited in a submarine 

environment (probably less than 500 m water depth). 
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SULPHIDE MINERALIZATION 

OCCURRENCE OF MINERALIZATION 

Polymeta l l ic mineral izat ion occurs, predominantly in acid 

volcanic and pyroc la s t i c rocks, as pods of massive ' o r e ' ( > 50% 

sulphides) and as stockwork ' o r e ' . Massive spha le r i te , galena and 

pyr i te occur associated with rhyo l i te breccia as pods which range in 

thickness from 0.6 to 1.5 m. Stockworks contain pr imar i l y galena and/ 

or sphaler i te with varying amounts of te t rahedr i te , jamesonite and 

polybasite. Some ve in lets contain vuggy quartz. 

There are two main zones of mineral izat ion presently known 

with in the acid volcanic rocks. The f i r s t occurs near the ad i t (Fig. 

10) and i s of the stockwork type in brecciated rhyo l i t e (Unit 3e). The 

second occurs 1000 m northeast of the adit and i s a 1.5 m thick pod of 

massive sulphides cons ist ing mainly of galena, spha ler i te and py r i te . 

A t h i r d , but minor, zone of minera l izat ion was observed near 

the northeast boundary of the thesis area. It consists of a number of 

small i r r egu l a r l y shaped pods of semimassive (30 to 40% to ta l sulphides), 

coarse grained p y r i t e , galena and sphaler ite associated with the 

granodiorite porphyry - hornfels contact (Fig. 10). 
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Massive 'Ore ' 

Study of polished sections representative of massive ' o re ' 

indicates the presence of the fol lowing opaque minerals in approx­

imate order of decreasing abundance: 

Py r i te FeS 2 

Sphaler ite (Zn,Fe)S 

Galena PbS 

Chalcopyrite CuFeS£ 

One very small lens consists en t i re l y of f ine granular py r i te . 

Py r i te occurs as anhedral to euhedral c rysta l s and fragments 

0.75 mm across forming, in aggregate, massive sulphide ' o re ' which i s 

l o c a l l y fragmented. Much of the massive sulphide minera l izat ion 

consists of a mosaic of f ine grains of sphaler i te and/or galena. 

Sphaler ite also occurs as a t o l l s in some pyr i te grains and appears to 

have replaced py r i te along fractures. Galena forms a t o l l s in spha ler i te, 

caries in py r i te and has replaced pyr i te and sphaler i te along fractures. 

Chalcopyrite, occurring in trace amounts in one sect ion, forms very 

f ine exsolution bodies in sphaler i te. 

Stockwork 'Ore ' 

Study of two polished sections of stockwork ' o re ' indicate 

the presence of the fol lowing opaque minerals in approximate order of 
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decreasing abundance: 

Galena PbS 

Sphalerite (Zn,Fe)S 

Jamesonite Pb 4 FeSb 6 S 1 4 

Tetrahedrite ( C u , F e ) 1 2

S b 4 S 

Polybasite (Ag,Cu) 1 6Sb 2S 

Pyr i te FeS 2 

Cove!1ite CuS 

Arsenopyrite FeAsS 

Gold Au 

The stockwork mineral izat ion consists mainly of a mosaic of 

f ine grains of sphaler i te and/or galena. Galena also occurs as a t o l l s 

in sphaler i te and appears to have replaced sphaler i te along f ractures . 

Jamesonite, tetrahedr i te and polybasite occur in lesser amounts in the 

stockworks. Jamesonite occurs as a mosaic of f ine grains forming mutual 

boundaries with galena and i r regu la r boundaries with sphaler ite and 

py r i t e . It appears to have replaced sphaler i te and pyr i te along f ractures . 

Tetrahedrite and polybasite are int imately associated, with laths and 

i r regu la r bodies of polybasite occurring in a mosaic of f ine grains of 

tet rahedr i te . These minerals form i r regu la r boundaries with and have 

replaced sphaler i te along fractures. Cove l l i t e , occuring in trace amounts 

as small mosaics of f ine grains forming, most commonly, near sphaler i te -

tetrahedr i te boundaries, i s probably the resu l t of supergene a l te ra t i on 

of tet rahedr i te . Also occurring in trace amounts are py r i t e , arsenopyrite, 

and gold. For a more deta i led descript ion of the mineralogy and modes 

of occurrence see Appendix II. 
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PARAGENESIS AND ORE DEPOSITION 

(1) Massive 'Ore ' 

A representative paragenesis for the massive mineral izat ion 

i s shown in the Vandeveer diagram of f igure 6 and the l i n e diagram of 

f igure 7. The lack of primary features such as framboidal and c o l l o -

form textures suggests the sulphide minerals have probably r ec r y s t a l l i z ed 

due to regional metamorphism and, therefore, the paragenesis diagrams 

represent the l a s t r e c r y s t a l l i z a t i o n . However, certa in conclusions 

may be drawn from the mineralography and f i e l d observations. 

Massive ' o r e ' occurs as banded s t ra t i fo rm pods in the acid 

py roc la s t i c rocks near the flanks of what have been interpreted by the 

author (F ig. 10 and 10a) as acid volcanic domes or flows. This 

s t ra t i fo rm nature suggests that these sulphide bodies are probably 

volcanogenic in o r i g i n . 

(2) Stockwork 'Ore ' 

Paragenesis of the sulphide minerals f o r the stockwork 

minera l izat ion i s shown in the Vandeveer diagram of f igure 8 and 

the l i ne diagram of f igure 9. As with the massive ' o r e 1 , these 

diagrams probably represent r e c r y s t a l l i z a t i o n due to regional metamorphism 

Stockwork mineral izat ion c lea r l y cross-cuts the stratigraphy 

of massive acid volcanic and pyroc last ic rocks and i s , therefore, 

epigenetic. However, these stockworks could be feeders for massive ' o re ' 

and, therefore, equivalent in time. Spatial re lat ionsh ips of the 

showings, though, do not confirm th is and further investigations of 

the property would be required. 
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- SUMMARY AND DISCUSSION 

Results of f i e l d invest igat ions, research and laboratory 

examinations are: 

(1) Upper Mesozoic volcanic and vo l can i c l a s t i c rocks exposed in 

the thesis area are co r re la t i ve with the upper d i v i s i on of 

the Hazelton Group. 

(2) The upper d iv i s ion of the Hazelton Group can be divided into 

four major units in the thesis area; from oldest to 

youngest these are: 

(a) an undivided volcanic fragmental un i t , 
(b) a sedimentary un i t , 
(c) an acid volcanic un i t , and 

(d) a mafic volcanic un i t . 

(3) M inera l i zat ion occurs pr imar i ly in the ac id volcanic unit 

and consists of stockwork and massive s t ra t i fo rm sulphide 

zones. This mineral izat ion i s of the volcanogenic type. 

The volcanogenic massive sulphide and stockwork zones in acid 

volcanic and pyroc las t i c rocks exposed in the thesis area resemble in 

some aspects other volcanogenic deposits, notably (1) the "Kuroko" type 

deposits i n Japan as described by Matsukuma and Horikoshi (1970) and 

Kajiwara (1970), and (2) the Ordovician deposits in the Bathurst D i s t r i c t , 

New Brunswick (Hutchinson, 1973). However, there are differences between 

the showings i n the thesis area and the Kuroko and Bathurst deposits. 



32 

The main difference i s age; Kuroko deposits are younger (Tert iary) and 

the Bathurst deposits are older (Ordovician). Hutchinson (1973) attempted 

to c l a s s i f y volcanogenic massive sulphides on the basis of minerology 

and age; his f indings are summarized in Table 3. It appears that the 

showings in the thesis area correspond to the lead - zinc - copper -

s i l v e r type of T r i a s s i c to Tert iary age. The pr inc ipa l differences 

between the Kay property sulphide zones and Hutchinson's type 

deposits are the lack of the commonly associated bar i te and gypsum, 

and the apparent absence of s i gn i f i c an t amounts of copper in the 

massive minera l i zat ion. 

In conclusion, the author recommends further deta i led 

mapping in the area of the showings and a more exhaustive mineralo-

graphic study of a l l the sulphide bearing zones. These studies would 

help to determine the relat ionships between massive ' o re ' and stock-

work ' o r e ' . A lso, detai led geological mapping of the volcanic 

t e r r a i n immediately south of the thesis area should be carr ied out 

because deposits of th i s type are smal l , and are eas i l y hidden. 



TABLE 3 

Comparative Chart : Some Geo log i ca l C h a r a c t e r i s t i c s  

o f D i f f e r e n t Vo lcanogenic Su lph ide D e p o s i t s 8 

B A3E M E T A L 
T Y P E 

P R E C I O U S 
M E T A L 

A S S O C I A T I O N 

A S S O C I A T E D 
V O L C A N I C R O C K 

T Y P E S 

T Y P E O F 
V O L C A N I S M 

T Y P E OF 

S E D I M E N T A T I O N T E C T 0 N 1 S M A G E E X A M P L E S 

b o t h A u 
( w i t h h i g h C u ) 

o n f l A g 
( w i t h h i g h Z n ) 

- f u l l y d i t f s r e n l i a l e d 
s u i t e s o ' i r i e i r r - s a i n i e 
b u l k c o m p o s i t i o n ! ? ) : 

- t h o i c i l ' i C 10 CSC*0»*oW»* 
- b c i a i : - e n d e s i ! : - o i c i f ; -

r h y a l i t e , e t c . 

• I f l l t i O l O i i O , 
SL ' b a ; j ? o - j s mafic 
p : o : l o r m . v .ith 
C i f i e ' e ^ t ' T - e n 
i c ~ « 3 ' f l t e l v c 
v 0'.C C n i n , ; d rn g 

- C h i m r c c l ; c ! " s r ; s . iron. 
Ij'rrv) Irons 

- C l O s ' i C ; i f n n C ' . - ' i . f i r f l 
e y e 1 - , v o l c a f c g t n i c 
o r e y w o c ' e s , 
v o ! c o . i o c i o ; ; ' c s 

- c u r l y e ^ . v • ^ 0 > ^ f t < : i l n l 1 , • 

o r o g e n . ; s t o g e . 

- m 0 | O ' v ^ s i d e n c e 

A r c h t a n 

P r O t e r O I P i c ! ? ! 

T i m m i n s . O.nt 

N s r a n d a . O u e 

U n M d Verde. A r i ; 

2 n - C u -
p y f i l e 

d i t t o d i t t o C i 1 1 0 d i l i o d i t t o , e a r l y s u b d u c h n n 
p r * - O r c r > i C i o n 

m i d - D e - w i i o n 
RomtHer. M f i d 

W S r w s w . C d i f 

@ P t - Z n -
Cu -

p y i i i e 

m o i n l y A g - i n t e r m s d i O ! e to f c l i i c 
c o l e - o l k o l i n e v W c o n i c 
s i i i i i S , 

- o n d e s n e - d c t a r e - r > y 3 i i t s -
p o r p n y r y - c r y t l o l l u ' f . e t c . 

- l e l s i c c e n t o s of 

e ' p*o si •< e. p > ' ? ^ f c s : c 
0 1 0 i n m m p n n c 

o ; t i v i : / . s w b c s . - e o u s 
! o s u s o e n c f 

-epiclcstic p f M o ^ i i T w . 
irnrnot 1 . : ' ; v c - c o r v j g f n i ; 

s . ^ ' i s . g r c p - i - c srti'es orxJ 
Org i l l I t s . s : ! t s - e n e s 

- c h e m t c a l m r p r . c h e r t s . 
iron f o r m a t i o n s 

- s u l p h a i - g a r r g ' j e s 
c o m m o n 

- i o t t r e u g ^ o i y n c l i n o l -
O r o g e n i c S t o g e ; 
i n f i l l i n g vuln u p l i f t 
b o i o n c e s s u t K C e n c e f f i 

P i o t s r o i o i c 

O f d o v i c i o n 

M t . I S O . 
Q u e e n s l a n d 

E r r i n g r o n . 
V e f m i l i o n , 

{ S u C O - j r y B a s i n ) 

B o t h u r s t , 
N ; * . B r u n s - c ' i 

P b - 2 n - C u 
p y r i t e 

d i t t « d i t t o d t t i o d i t t o d i t t o . I c i e r s j b d u c i i o n 
T r i a s s i c 

T e r t i a r y 

E 5Jw* .Coiif 

K u r o k o . J a p c n 

@ r C u - p y r i t e m o . n l J A u - p o o r l y differtnticfed m c h c -
u I • i e n e f i c ! opfw*-1 i c t * j > . 

- t h o l e n t i c 
- b C S C l t i t p i l l o w l a w s , 

i e r p » n t i r t i t e , e t c . 

- C e e p s^Eceueous, 
O/J'SSCcr.! f tSSUfi 

- c f i e m t - o l preaon-jneres; 
C h e r t s , i r o n s - o n e s , 
m c n g a n s t o n e s 

• C l a s t i c insigniScont 

- e o r l y s l o g ? Of 
C C . i l i n e n t o l p l o t e 
r i f l i n g : t e n s i o n , 
S i p o r a f i o n . g r c L r n 

l - O r e o v i o o n 
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a from Hutchinson (1973) 
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SAMPLE NUMBER SK75-18 

Hand Speicmen Descr ipt ion: 

Fine grained brownish grey fragmental rock. Fragments are 

obscured by a l t e r a t i on . Type of fragments i s d i f f i c u l t to discern 

but appear to be mainly plagioclase crysta l s up to 4 mm. 

F ie ld Rock Name: Basal t u f f 

Thin Section Descr ipt ion: 

A lb i te -35%; a f te r plagioclase 
-twinned euhedra 0.1 to 0.75 mm in length 
-zoning out l ined by ch l o r i t e 

Ca lc i te -15%; a f te r pi agio c l ase 

Ch lor i te -3%; a f te r plagioclase and glass 
- a f t e r mafic mineral ( b i o t i t e ?) 

L i t h i c fragments -2%; comprised of t u f f and some pumice fragments 

0.8 to 3 mm in diameter 

Pyr i te - 1% ; a f te r mafics and glass 

Matrix -40%; d e v i t r i f i e d glass dust 

Rock Name: Feldspar crysta l t u f f 
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SAMPLE NUMBER SK75-44 

Hand Specimen Descr ipt ion: 

Very f ine grained rock with some quartz (?) fragments and rounded 

vugs l i ned with euhedral pyr i te cubes. Rock i s dark in colour, hard 

and weathers whiteish-grey with some l imonite s ta in ing. 

F i e ld Rock Name: Hornfels 

Thin Section Descr ipt ion: 

Texture i s f ine grained granoblast ic. Due to grain s ize modal 

estimates were not attempted minerals observed in order of re l a t i ve 

abundance are: 

Quartz 

A lb i t e 

Opaques 

Chlor i te 

Seri c i te 

Epidote (?) 

-anhedral grains up to 0.3 mm in diameter 
-occurs as vein lets 
- c l o t s of composite anhedral grains 

-negative r e l i e f 
-forms anhedral to subhedral laths up to 0.5 mm 
-exh ib i t reaction rims with opaques out l i n ing grains 

-consists largely of pyr i te and iron oxides 
-occurs as very f ine dust and euhedral cubes often 
rimmed by iron oxides 
-up to 0.5 mm across 

- a f t e r b i o t i t e 

-occurs in matrix -

-very small (< 0.05 mm) tab lo id s , high r e l i e f , 
low birefrignence 

Rock Name: Quartz-a lb i te hornfels 



SAMPLE NUMBER SK75-32 
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Hand Specimen Descr ipt ion: 

Light grey, very f ine grained rock which weathers brownish-grey. 

Fragments vary in s i ze from < 5 mm to > 1 cm. Matrix i s dark grey and 

strongly p y r i t i c . Pyr i te i s ubiquitous but i s concentrated around 

fragments. Crystals are not discernable in fragments. A vein 1.5 cm 

across of mainly galena and sphaler ite i s present. 

F i e l d Rock Name: Rhyolite breccia 

Thin Section Descr ipt ion: 

Fragments 

Breccia Matrix 

A l b i t e 

Quartz 

Ch lor i te 

S e r i c i t e 

Pyr i te 

-35%; consists of 30 to 40% a l b i t e 
- a l b i t e a f ter p lag ioc lase, euhedra 0.1 to 0.75 mm 

in length 

- ch l o r i t e outl ines zoning in a l b i t e laths 

-65% of rock 

-12 to 15%; a f ter plagioclase 
-10 to 13%; f ine anhedral grains < 0.1 mm in 
• diameter 

-25%; a f ter b i o t i t e 
- a f t e r amphibole (?) 

-6%; a f ter plagioclase and potassium feldspar (?) 

-2 to 5% 

Rock Name: Rhvolite breccia 
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SAMPLE NUMBER SK75-46 

Hand Specimen Descript ion: 

Coarse, green l i t h i c t u f f consist ing of about 40% fragments and 

60% matrix. Fragments consist of numerous a r g i l l i t e chips, f e l s i t e 

and t u f f . 

F i e l d Rock Name: L i t h i c t u f f 

Thin Section Descr ipt ion: 

The texture i s somewhat f o l i a t ed with the alignment of the long 

axis of the fragments. 

Fragments -44%; s ize varies from 0.1 to 4 mm 
-90 to 95% l i t h i c fragments 
-accessory t u f f fragments 
-accidental a r g i l l i t e chips 
-some d e v i t r i f i e d glass fragments 

A lb i t e -8% of fragments 
-subhedral to euhedral laths a f te r p lag ioc lase, 
0.1 to 0.5 mm in length 

-also occurs in t u f f fragments 

Quartz -2%; composite anhedral grains 0.1 to 0.2 mm in 
diameter 

Matrix -56%; made up of very f ine grained c h l o r i t e , 
s e r i c i t e and euhedral pyr i te a f t e r glass (?) 

Rock Name: Dac i t ic l i t h i c t u f f (because of modal quartz the author 
feels the rock i s at least th i s acid) 



SAMPLE NUMBER SK75-65 

Hand Specimen Descript ion: 

Light grey aphanitic s i l i ceous rock with 2 to 3% py r i te . Few 

phenocrysts are obvious and appear to be mainly fe ldspar. 

F i e l d Rock Name: Rhyolite 

Thin Section Descr ipt ion: 

Quartz 

Orthoclase 

A lb i te 

Chlor i te 

Se r i c i t e 

Pyr i te 

Matri x 

Iron Oxides 

Rock Name: Rhyodacite 

-18%; anhedral grains up to 0.08 mm 
- c l o t s of composite anhedral grains up to 0.25 

-16%; anhedral grains up to 0.08 mm 
- p a r t i a l l y a ltered to s e r i c i t e 

-8%; negative r e l i e f , a f te r plagioclase (?) 
- p a r t i a l l y a l tered to c h l o r i t e and s e r i c i t e 
- a l t e ra t i on weak to moderate 

- a f t e r plagioclase and mafics 

- a f t e r plagioclase and orthoclase 

-2%; euhedral cubes up to 0.08 mm 

-40% quartz-feldspar 
-16% c h l o r i t e - s e r i c i t e 

-occur in fractures 
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SAMPLE NUMBER SK75-C92A 

Hand Specimen Descr ipt ion: 

Dark greenish-grey aphanit ic rock with few mafic (?) c l o t s . Weathers 

l i g h t brownish-grey to brown. 

F i e l d Rock Name: P i l low breccia 

Thin Section Descr ipt ion: 

Texture i s radiat ing laths of sodic plagioclase in a c a l c i t e -

ch l o r i t e matrix s im i l a r to s p i l i t e texture. 

Plagioclase -54%; unzoned, negative r e l i e f 
-composition An Q to An , n 

-needle l i k e lauhs up to 0.1 mm 
-weakly to moderately a ltered to ch l o r i t e 

Ca l c i te -22%; anhedral blebs and c lots in matrix 

Ch lor i te -1 to 2%; occurs in plagioclase mic ro l i te s 
-as c lot s in matrix up to 0.1 mm in diameter 
- a f t e r glass 

Matrix -22%, comprised of d e v i t r i f i e d glass, ch lo r i te 
and c a l c i t e 

Rock Name: Basa l t i c p i l low breccia 
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SAMPLE NUMBER SK75-40 

Hand Specimen Descr ipt ion: 

Fine grained dark green rock weathers grey-brown. It consists of 

f ine crysta l s (< 0.05 mm) of plagioclase and pyroxene (?) in a green 

matrix. 

F i e l d Rock Name: Gabbro 

Thin Section Descr ipt ion: 

Texture i s oph i t i c with in ter ser ta l d e v i t r i f i e d glass. 

Plagioclase 

Augite 

Chlor i te 

Opaques 

Ca lc i te 

Penninite 

D e v i t r i f i e d 
ql ass 

-48%; negative r e l i e f 
-composition An nto An , n 

-euhedral laths 0.1 to 0.35 mm 
-contain inclusions of augite and other f ine 
grain material 

-15%; oph i t ic grains > 2 mm in diameter 
- p a r t i a l l y to wholly replaced by ch l o r i t e and 

ca l c i t e 

-15%; after augite and glass 

-4%; a f ter augite 

-3%; af ter augite 

-1%; a f ter augite and glass 

-3%; in ter ser ta l between plagioclase laths 
-a l tered to ch lo r i te 

Rock Name: Auaite diabase 



SAMPLE NUMBER SK75-43 
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Hand Specimen Descr ipt ion: 

Medium grained, grey, feldspar porphyry. Feldspars appear 

s l i g h t l y a l tered with some having cores of s e r i c i t e (?). Mafics have 

been a l tered to ch lo r i te (?). 

F i e l d Rock Name: Feldspar porphyry 

Thin Section Description: 

Plagioclase 

Quartz 

Orthoclase 

Ch lor i te 

S e r i c i t e 

Opaques 

Penninite 

Sphene 

-35%; pos i t ive ext inct ion 
-unzoned euhedra up to 1 mm 
-composition An«r to An~ 0 

- p a r t i a l l y to completely replaced by c h l o r i t e -
s e r i c i t e 

-11%; corroded anhedral grains up to 0.3 mm 
in diameter 

-8%; no twinning, negative r e l i e f 
-subhedral grains up to 1 mm 
-par t l y replaced by s e r i c i t e 

-6%; af ter plagioclase and mafic minerals 

-2 to 4%; a f te r orthoclase and plagioclase 

-4%; pyr i te and iron oxides a f te r mafic minerals 
-r im replaced mafic minerals 

-minor amounts a f t e r mafic minerals 

-minor amounts 

Rock Name: Granodiorite porphyry 



PLATE II Top: Photomicrograph of feldspar crysta l t u f f (unit 1). 
Crystals of a l b i t i z e d plagioclase (ab) and pyr i te (py) 
in a very f ine matrix of d e v i t r i f i e d class dust 
(X-Nichols, 12.5X) 

Bottom: Photomicrograph of quartz -a lb i te hornfels (unit l a ) . 
Re l i c fragment is seen in center of p icture surrounded 
by very f ine grain quartz and a l b i t e . (X-Nichols s * 12.5X) 



PLATE III Top: Photomicrograph of rhyo l i te breccia (unit 2b). 
Fragment on r i g h t . s e r i c i t e , pyr i te and ch lo r i t e matrix 
on l e f t . Ch lor i te outl ines zoning in plagioclase (pi) 
in fragment. (X-Nichols, 12.5X) 

Bottom: Photomicrograph of augite diabase {unit 4a ) . 
Large oph i t i c augite (ag) enclosing small laths 
of sodic p lag ioc lase. (X-Nichols, 12.5X) 



PLATE IV Top: Hand Specimen of dac i t i c l i t h i c t u f f (unit 3a). 
Recognizable fragments include a r g i l l i t e chips and 
f e l s i c volcanic rock. 

Bottom: Photomicrograph of dac i t i c l i t h i c t u f f . Fragments 
are set in an altered matrix of c h l o r i t e , s e r i c i t e and 
py r i te . (X-Nochols, 12.5X) 
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PLATE VI Top: Hand specimen of massive rhyo l i te (unit 3d) 

Bottom: Photomicrograph of rhyodacite (unit 3d) showing 
altered plagioclase ( p i ) , orthoclase (or) , and anhedral 
quartz (q) in a quartz, feldspar and s e r i c i t e matrix 
(note some feldspars are almost completely replaced 
by s e r i c i t e ; X-Nichols, 50X). 



PLATE VII Top: Brecciated p i l l ow basalts of unit 4. 

Bottom: Photomicrograph of brecc iated p i l l ow basalt 
showing m ic ro l i t e s of sodic fe ldspar in c a l c i t e -
c h l o r i t e matrix. (X-Nichols, 12.5X) 



PLATE VIII Top: Hand specimen of granodiorite porphyry (unit 5). 

Bottom: Photomicrograph of granodior ite porphyry showing 
phenocrysts of plagioclase (pi) and orthoclase (or). 
Large r e l i c phenocryst of c h l o r i t e - s e r i c i t e (cl-ms) 
a f te r plagioclase. Upper r i ght corner of photomicro­
graph r e l i c b i o t i t e (?) c ry s ta l completely replaced 
by ch l o r i t e and s e r i c i t e (cl-ms). (X-Nichols,. 12.5X) 



APPENDIX II 

Polished Section Descriptions 
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SAMPLE NUMBER SK75-AS 

Hand Specimen Descr ipt ion: 

Massive banded sulphides with some angular acid volcanic f rag ­

ments. Bands average about 5 to 8 mm and consist of mainly f ine to 

medium grain py r i te r i ch bands a l ternat ing with mainly f ine grained 

sphaler i te and galena. 

Polished Section Descr ipt ion: 

Opaques 93% of polished section 

pyr i te (42%) 
sphaler i te (34%) 
chalcopyrite (trace) 
galena (22%) 

time —> 

py r i te : 
occurs as subhedral to anhedral c rys ta l fragments up to 
0.75 mm with most about 0.2 mm. Exhibits mutual boundaries 
with spha ler i te and galena. Some grains have cores of 
spha ler i te . 

spha ler i te : 
occurs as a massive f ine mosaic of grains and as a t o l l s 
in galena. Exhibits mutual boundaries with pyr i te and 
galena and forms caries in galena. Appears to have replaced 
pyr i te along fractures in grains. 

chalcopyr i te: 
occurs as f i ne exsolution bodies in spha ler i te . 

galena: 
occurs as f i ne mosaic of grains and as a t o l l s in spha ler i te. 
Exhibits mutual boundaries with pyr i te and spha ler i te . 
Forms in fractures in sphaler i te and has replaced sphaler i te. 



SAMPLE NUMBER SK75-N5 

Hand Specimen Descr ipt ion: 

Massive galena and sphaler i te with pyr i te 

recognizable gangue. Sphaler ite appears brecci 

f i l l i n g f ractures . 

Polished Section Descr ipt ion: 

Opaques 99% of polished section 

pyr i te (23%) 
sphaler i te (36%) 
galena (41%) I 

time 

py r i t e : 
occurs as massive f ine grain crysta l 
euhedral to subhedral grains (to 0.2 
i s fragmentary and appears to be rep 
and galena. 

spha le r i te : 
occurs as a massive f ine mosaic of c 
in galena. I t forms mutual boundari 
galena. 

galena: 
occurs as a massive f ine grain cryst 
a t o l l s i n spha ler i te . Forms mutual 
car ies in sphaler i te and pyr i te and 
replaced these minerals. 
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SAMPLE NUMBER SK75-N21 

Hand Specimen Descr ipt ion: 

Sulphide ve in let about 4 cm wide and made up of mainly massive 

galena with some spha ler i te . 

Polished Section Descr ipt ion: 

Opaques 95% of polished section 

py r i te (trace) 
spha ler i te (24%) 
galena (58%) 
jamesonite (18%) 
tet rahedr i te (trace) 
polybasite (trace) 
c o v e l l i t e (trace) 

t ime—> 

pyri t e : 
occurs as small fragments of f ine mosaic of grains replaced 
along fractures by sphaler i te and jamesonite. 

spha le r i te : 
occurs as a f ine mosaic of grains somewhat fractured and 
fragmented. Forms mutual boundaries with galena and 
jamesonite and caries in galena. 

galena: 
occurs as f ine grain crysta l aggregates and as a t o l l s in 
spha ler i te . Forms mutual boundaries with jamesonite and 
car ies in spha ler i te . Appears to have replaced sphaler i te 
along f ractures. 

jamesonite: 
occurs as f ine mosaic of grains with a fractured (?) 
texture. In places i t i s int imately associated with galena. 
Forms i r regu la r mutual boundaries with sphaler i te and appears 
to have replaced spha ler i te . 

te t rahedr i te : 
occurs with polybasite as a t o l l s in spha ler i te. Forms 
mutual boundaries with jamesonite. 

polybas ite: 
as f o r tetrahedr i te 

c o v e l l i t e : 
•ccurs as very f ine needle shaped crysta l s usually in 
^angue. Probably formed from supergene a l te ra t i on of 
t e t n b e d n te . 

c 
CD 

iCD i d 
15 
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SAMPLE NUMBER SK75-N22 

Hand Specimen Descr ipt ion: 

Fine grain brecciated rhyo l i te with stockwork of sulphide minerals. 

Pol ished Section Descr ipt ion: 

Opaques 15% of polished section 

occurs as subhedral c ry s ta l fragments (up to 0.1 mm) in gangue 

arsenopyrite: 

occurs as euhedral to subhedral c rysta l s in gangue and sphaler i te, 

spha le r i te : 
occurs as a f ine mosaic of grains and as a t o l l s in gangue. Forms 
i r r e gu l a r boundaries with tetrahedr i te and polybasite and caries 
in te t rahedr i te . Texture i s somewhat fragmentary with t e t r a ­
hedrite and polybasite surrounding and replacing sphaler i te 
fragments. 

te t rahedr i te : 
occurs as f ine mosaic of grains int imately associated with 
polybas i te. Forms microveinlets in spha le r i te . 

polybas ite: 
occurs as laths and i r regu la r shaped bodies in tet rahedr i te . 
Forms near tet rahedr i te - gangue boundaries and tetrahedr i te -
spha ler i te boundaries and appears to have replaced t e t r a ­
hedr i te. Also forms microveinlets in spha ler i te . 

occurs in trace amounts as small ( < 0.01 mm) blebs in 
sphaler i te and tet rahedr i te . 

c o v e l l i t e : 
occurs as small f ine mosaics of grains in spha le r i te . Forms 
•ost commonly near sphaler i te - tet rahedr i te boundaries 
And i s apparently a supergene a l te ra t i on of te t rahedr i te . 

py r i te (trace) 
arsenopyrite (trace) 
spha ler i te (65%) 
te t rahedr i te (25%) 
polybasite (10%) 
gold (trace) 
c o v e l l i t e (trace) 

time 

pyr i te : 

gold: 
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SAMPLE NUMBER SK75-P85 

Hand Specimen Descr ipt ion: 

Massive f ine grain p y r i t e , texture i s somewhat fragmentary with 

f e l s i c gangue fragments included. 

Pol ished Section Descr ipt ion: 

Pyr i te was very f r i a b l e and epoxy was used to bind the minerals. 

Opaques 99% of the polished section 

py r i te (100%): 
occurs as very f i ne mosaic of grains and as small ( ^ 0 . 5 mm) 
euhedral to subhedral grains in a f i n e r grain pyr i te matrix. 
Appears highly fractured and f r i a b l e making pol i sh ing 
d i f f i c u l t . 
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SAMPLE NUMBER SK75-IC 

Hand Specimen Descr ipt ion: 

Semimassive sulphide minerals comprised of medium grain ( 2 - 3 mm) 

crys ta l aggregates of pyr i te (up to 12 mm) in a dark grey f ine grain 

matrix of gangue. 

Polished Section Description: 

Opaques 42% of polished section 

py r i te (93%) 
spha ler i te (5%) 
chalcopyr i te (trace) 
galena (2%) 

time > 

p y r i t e : 
occurs as mosaic of euhedral to anhedral grains often 
fragmented. Grain s ize varies from less than 0.01 mm 
to greater than 2 mm. 

spha le r i te : 
occurs as f i ne mosaics of grains and as a t o l l s in p y r i t e . 
Forms in voids between pyr i te and gangue. 

chalcopyr i te: 
occurs as f ine exsolution blebs in sphaler i te and as a t o l l s 
i n p y r i t e . 

galena: 
occurs as f ine mosaic of grains and as a t o l l s in sphaler i te 
and py r i t e . Forms mutual boundaries and caries in 
sphaler i te and appears to have replaced py r i te . 



PLATE IX Top: Galena (gn) and sphaler ite ( s i ) with chalcopyrite (cp) 
exsolution blebs in sphaler i te. Pyr i te (py) also 
present. (SK75-AS in plane l i g h t X32). 

Bottom: Galena (an), sphaler i te ( s i ) and pyr i te (py) 
(SK75-N5 in plane l i g h t X32). 
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PLATE X Top: Jamesonite ( j a ) s sphaler ite ( s i ) and galena (gn) 
(SK75 - N21 in plane l i ght X32). 

Bottom: Tetrahedrite ( t t ) , polybasite (pb) and spha ler i te ( s i ) 
(SK75 - N22 i n plane l i gh t X32). 

J 


